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rescription of antibiotic ther-

apy for infectious eye diseases

is one of the most frequent

decisions that eye specialists

make in daily clinical life. In
making these decisions, the potential
benefits of antibiotic therapy, such as
the reduction of risk of complications
and long-term disabilities, must always
be greater than the risks associated
with their inappropriate use, which is
the primary cause of increasing antibi-
otic resistance globally.

According to the World Health
Organization (WHO), antibiotic resis-
tance is a major threat to public health
due to the epidemiologic and eco-
nomic impacts of this phenomenon.
A recent report estimated that, by
2050, the lives of 10 million people will
be at risk each year due to antibiotic
resistance.!

Over the past decade, the ophthal-
mic literature has highlighted inap-
propriate antibiotic use and increas-
ing rates of resistance to antibiotics
of all classes, including third- and
fourth-generation fluoroquinolones,
chloramphenicol, and aminoglyco-
sides.>™® The most frequently isolated
resistant bacterial strains detected are
methicillin-resistant Staphylococcus
aureus (MRSA), methicillin-sensitive S.
epidermidis, Streptococcus pneumoniae,
Streptococcus viridans, Haemophilus
influenzae, and Pseudomonas aeru-
ginosa, which are the most frequent
causes of ocular surface infections and
endophthalmitis.

SCIENCE-BASED STRATEGIES

Science-based strategies must be
developed to minimize the emergence
and impact of resistance; the increase
in the overall incidence of antibiotic-
resistant infections could be slowed
through implementation of enhanced
surveillance activities and training for
health professionals.>”

Our aim as eye specialists should be
to widen the level of awareness regard-
ing appropriate and responsible use
of antibiotics in our field. Additional

initiatives should include increasing use
of topical antiseptic agents, which can
be valuable to slow the development
of resistance to antibiotics and con-
tribute to more effective antibiotic use
globally.™?

CONSIDERATIONS FOR APPROPRIATE
THERAPY

Many factors guide the appropriate
use of topical antimicrobial therapy in
ophthalmology. Antibiotics should be
administered properly and in adequate
quantities to the site of infection to
eliminate the infection and to mini-
mize host toxicity and the risk of gen-
erating resistance.’>*

Selection of the antibiotic can be
specific (if the etiologic pathogen or
antimicrobial susceptibility data are
available) or empiric (in the absence
of this information). Although specific
therapy is preferred, empiric therapy is
most often used when there is risk of
exposing the patient to complications
or when a microbiology workup is not
available or is not considered feasible
or necessary by the eye specialist.

Empiric therapy is usually guided
by clinical presentation and based on
the administration of broad-spectrum
antibiotics with activity against pos-
sible pathogens commonly associated
with the specific clinical syndrome
and with known activity against gram-
positive and gram-negative pathogens.
Ocular surface infections are, in most
cases, handled effectively with topical
antibiotics and do not require micro-
biologic assays. If the identification of
pathogens is carried out, the empiric
approach can be switched to a specific
therapy; it is recommended to estab-
lish a microbiology diagnosis in the
case of chronic infections or atypical
clinical syndromes.

The goal of treatment is to provide a
concentration of antibiotic equal to or
greater than the minimum inhibitory
concentration (MIC), and preferably
the minimum bactericidal concentra-
tion (MBC), at the site of infection.
Most clinical studies report effective
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dosing levels, but few studies provide
definitive optimal dosing or duration
of antibiotic therapy.'>"

The initial dose should reach thera-
peutically effective levels of antibiotic
and should then be maintained at
these levels until the tissue is sterile.

COMBINATION THERAPY

Most ocular infections are success-
fully treated with a single antibiotic;
the use of two or more antibiotics
can be indicated in certain scenarios,
for example for treating polymi-
crobial infections, for reducing the
concentration-dependent toxicity of
a single drug, or in the case of criti-
cal clinical presentations (eg, corneal
ulcer, abscess, or atypical syndromes).
A combination of antibiotics may
increase therapeutic efficacy through
synergy (eg, cephalosporin plus
aminoglycoside) or by broadening
the spectrum of activity (eg, against
gram-positive and gram-negative
organisms).

A common approach is to use
a combination of antibiotics with
enhanced activity against gram-
positive (eg, vancomycin, cefazolin,
third-generation fluoroquinolones) or
gram-negative pathogens (eg, amino-
glycosides, second generation fluoro-
quinolones, polymyxin) or with broad
spectrum activity (fourth-generation
fluoroquinolones). A subtherapeutic
concentration of antibiotics at the site
of infection, due to inadequate dose or
frequency of administration, must be
avoided because it enhances the devel-
opment of resistance.

An approach that has gained favor
recently is to use topical antiseptic
agents as adjuvants in combination
with antibiotics;"! these agents have
been shown to be effective in reduc-
ing bacterial load nonselectively at
the site of infection, enhancing anti-
biotic action, and reducing the risk of
developing resistance. Additionally,
clinical studies have shown compa-
rable efficacy of topical antiseptics
alone in comparison with antibiotics
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(specifically neomycin—polymyxin-B—gramicidin) for treat-
ing infectious conjunctivitis or keratitis caused by bacteria
and chlamydia.’®"8

ANTIBIOTIC RESISTANCE AND SURVEILLANCE

Antibiotic resistance is the ability of bacteria to resist the
effects of an antibiotic. Resistance can be natural or acquired.
Natural resistance manifests in all strains of the same species
of bacterium that has a constitutional insensitivity toward a
given antibiotic. Acquired resistance is a variation induced by
selection in strains that, in the context of a microbial species
originally sensitive to an antibiotic, have lost their sensitivity
to therapeutically relevant drug concentrations.

Acquired resistance is classified as chromosomal or extra-
chromosomal. The former constitutes about 15% of all
acquired resistance and emerges by spontaneous mutation
followed by selection of resistant mutants to an antibiotic
(ie, the mutation selects resistant mutants). Chromosomal
mutation is transmitted vertically, from ancestors to
descendants.

Extrachromosomal resistance is the primary modality for
the spread of antibiotic resistance and constitutes 90% of
all resistance. It originates by horizontal transfer of mobile
genetic elements, called plasmids, between microorgan-
isms of unrelated generations. Transmission of genes occurs
through the mechanisms of conjugation, transformation, or
transduction from donor to recipient cell (Figure).

In response to the growing risk of antibiotic resistance world-
wide, the WHO, the US FDA, and other organizations have ini-
tiated health surveillance programs. Two of these initiatives are
of particular interest in ophthalmology: the Ocular Tracking
Resistance in the US Today (TRUST) and Antibiotic Resistance
Monitoring in Ocular Microorganisms (ARMOR) studies.>>

TRUST is a multicenter US surveillance program that was
established in 1996.2 The ophthalmology subprogram was
launched in 2005 with the aim of collecting prospective data
and analyzing retrospective data about ocular infections. The
TRUST study was intended to analyze three microorgan-
isms: S. aureus, S. pneumonia, and H. influenzae. ARMOR is a
surveillance program that extends the data collected in the
TRUST study to the analysis of P. aeruginosa and coagulase-
negative staphylococci>*

Epidemiologic observation has shown that most external
eye infections (65%) are caused by gram-positive pathogens,
the first among which is MRSA (20%)."1> Increasingly
frequent resistance to azithromycin and various fluoroquino-
lones (ciprofloxacin, gatifloxacin, moxifloxacin, levofloxacin)
has been demonstrated by MRSA in various regions of the
world. Among gram-negative organisms (35%), the most fre-
quently isolated pathogen is P. aeruginosa (11%), and its rate
of resistance to chloramphenicol is growing globally.

Inappropriate and excessive use of antibiotics plays a
primary role in the development of resistant bacterial strains
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Figure. In a bacterial population, DNA can be transferred from one microorganism to
another of unrelated generation via the horizontal transfer mechanism (apart from
vertical inheritance). The DNA thus transferred can be stably incorporated into the
recipient microorganism, changing the genetic composition of the recipient and its
descendants permanently.

globally. A systematic study of the literature on the diagnosis
and treatment of acute conjunctivitis has shown that the
use of antibiotics is inappropriate—due to the choice of
antibiotic, dosage, and/or duration—in two-thirds of cases.'

SURGICAL ANTIBIOTIC PROPHYLAXIS

Antibiotic prophylaxis is not a method of tissue sterilization;
it is a method to decrease the microbial load of intraoperative
contamination to a level that does not overwhelm the host
immune defense. Proper prophylaxis can reduce the incidence
of surgical site infection. In light of this, considerations for sur-
gical prophylaxis should be based on three points:

+ Which type of antibiotic to use;
+ When and how to administer it; and
+ In which surgical interventions it is effective.

Recommendations can be classified into four categories on
the basis of published scientific data, theoretical rationale, and
applicability, as defined by the Grading of Recommendations,
Assessment, Development, and Evaluation working group
(GRADE). Using the GRADE method, antibiotic prophylaxis
should be administered only if indicated by scientific evidence
category 1a. (For an explanation of all categories, see The
Grade Method.)

Several clinical trials have been performed with the aim of
evaluating the most effective and safe approach to preventing
postoperative endophthalmitis, primarily after cataract
surgery, which is the cause of two-thirds of postoperative



infections in eye surgery.2>2?> Based on
scientific evidence, antibiotic prophy-
laxis has not gained recommendation
category 1a in ophthalmic surgery.
The prophylaxis methodology that has
so far demonstrated the best efficacy
in reducing the incidence of endo-
phthalmitis after cataract surgery is
preoperative antisepsis (including topi-
cal application of 5% povidone-iodine
in the conjunctival sac for 3 minutes
immediately before surgery), which has
recommendation category 2.

According to ESCRS guidelines, %%
intracameral administration of cefu-
roxime at the time of surgery is the
only type of antibiotic prophylaxis
that has been shown to be effective in
significantly reducing the incidence of
postoperative endophthalmitis (inci-
dence of 0.26% compared with 0.30%
in a series of 16,000 operated eyes) in
combination with topical application of
5% povidone-iodine. For other types of
antibiotic prophylaxis, including topical
administration of antibiotic eye drops in
the days before surgery, subconjunctival
injection of antibiotics at the time of
surgery, and the use of antibiotics in the
intraocular irrigating solution, there is no
clinical evidence that these methods sig-
nificantly reduce the incidence of post-
operative endophthalmitis, therefore
meriting recommendation category 3.

The multicenter prospective ESCRS
antibiotic prophylaxis study showed
that preoperative antibiotic prophylaxis
with levofloxacin eye drops had no
significant effect on reducing the risk of
endophthalmitis after cataract surgery.
Retrospective studies have also showed
that preoperative administration of
topical antibiotics provides no benefit
in reducing the risk of endophthalmitis
after cataract surgery compared with
preoperative topical antisepsis and
intracameral administration of antibiot-
ics at the time of surgery.?8°

Data from the Swedish National
Quality Registry for Cataracts showed
that topical administration of antibi-
otic eye drops, either preoperatively
or postoperatively or at both times,

THE GRADE MNETHOD
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» 1a. Strongly recommended for implementation and supported by well-conducted experimental,

clinical, or epidemiologic studies.

» 1b. Strongly recommended for implementation and supported by some experimental, clinical, or
epidemiologic studies and strong theoretical rationale.
» 2. Suggested for implementation and supported by some suggestive or rational theoretical,

clinical, or epidemiologic studies.

» 3. No recommendation; unanswered question, Practice on whose effectiveness there is not suf-

ficient evidence or consent.

Source: http://www.gradeworkinggroup.org/

does not provide significant benefit

in reducing the risk of postoperative
endophthalmitis when intracameral
antibiotics are used.3"*2

In several European countries, eye
surgeons are stopping the use of topical
antibiotics as prophylaxis in cataract sur-
gery.33 (The recommendations of several
European national and supranational
ophthalmologic societies are highlighted
in Guidelines for Infection Prophylaxis in
Some European Countries.) More initia-
tives are needed to harmonize recom-
mendations for surgical prophylaxis
among countries and stop the use of
topical antibiotics before surgery.

In brief, although topical antibi-
otic prophylaxis has been shown to
decrease preoperative bacterial load of
the conjunctiva, there is no evidence
that this practice reduces the risk of
postoperative endophthalmitis.

The daily use of eye drops (eg, topical
drops for glaucoma or lubricant drops
for dry eye) has been shown to decrease
bacterial isolation rates in the conjunc-
tiva, likely due to a washout effect fol-
lowing instillation of eye drops.'3* By
contrast, topical surgical prophylaxis can
promote an increase in resistance due
to subtherapeutic use of antibiotics, as
demonstrated by prospective clinical
studies of intravitreous injections.

The inappropriate use of topical
antibiotics as a method of prophylaxis
for intravitreal injections has been dem-
onstrated by the Diabetic Retinopathy
Clinical Research Network (DRCR.net).?®

In a prospective study, 3,123 eyes
received multiple intravitreous injections
for diabetic macular edema. The use of
topical antibiotics was paradoxically cor-
related with an increased incidence of
endophthalmitis after intravitreal injec-
tion. These results led the DRCR.net to
require topical application of povidone-
iodine to the conjunctiva before injec-
tions but to prohibit topical antibiotic
use for injections in new protocols.

In a recent review, Hunyor et al*®
stated: “Given the lack of evidence to
support topical antibiotics as an effective
method of prophylaxis for postinjection
endophthalmitis, it appears that more
widespread education of ophthalmolo-
gists is required to avoid continued inap-
propriate use.” More emphasis should
be placed on antisepsis methods, these
authors continue, which are “the major
proven methods of endophthalmitis
prevention, rather than antibiotics.”3"3

TOPICAL ANTISEPSIS IN EYE CARE

Antisepsis is a method to prevent
access of microorganisms, whether
pathogenic or not, to a specific site (eg, a
part of the human body or any material
such as an operating table). By definition,
antisepsis has a nonselective mechanism
of action, does not induce resistance,
and has sufficiently low toxicity to host
cells that it can be used directly on skin,
mucous membranes, or wounds.

In ophthalmology, topical antiseptics
include chlorhexidine, povidone-iodine,
and ozonated vegetable oil (ozonide).
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The latter two antiseptics have a
broad spectrum of efficacy against
gram-positive and gram-negative
bacteria, bacterial spores, fungi,
protozoa, and viruses.

In a laboratory study,* various dilu-
tions of ozonide have shown the greatest

» Sweden and Denmark

bactericidal activity against S. aureus in
comparison with povidone-iodine (from
10% to 0.8%) and chlorhexidine (from
0.2% to 0.01%). Currently, povidone-
iodine is available in 0.6% and 1.2%
ophthalmic solutions and ozonide in
0.5% ophthalmic solution, 6184143

GUIDELINES FOR INFECTION PROPHYLAKIS
IN SONE EUROPEAN COUNTRIES

In these countries, where the incidence of endophthalmitis after cataract surgery is less than
0.06% with recommended use of intracameral administration of antibiotics, it is recommended
that topical antibiotics should not be used preoperatively.

National Clinical Guideline for the treatment of age-related cataract, Quick guide.

www.sst.dk/da/udgivelser/2014/~/media/

» France

National guidelines in France, where the incidence of endophthalmitis is 0.05%, do not
recommend the use topical antibiotics before cataract surgery.

Antibioprophylaxie en chirurgie ophtalmologique. A propos des recommandations de I'AFSSAPS.

May 2011

www.em-consulte.com/en/article/297432

» United Kingdom

Guidelines in the United Kingdom clearly state that preoperative antibiotic prophylaxis has shown
no preventive efficacy and recommend intracameral administration of antibiotic as the only

antibiotic prophylaxis in cataract surgery.

The Royal College of Ophthalmologists. Cataract Surgery Guidelines. October 2017,

https://www.nice.org.uk/guidance/ng77

» Germany and Belgium

The ophthalmology societies in Germany and Belgium adhere to the ESCRS guidelines.

ESCRS Guidelines for prevention and treatment of endophthalmitis following cataract surgery:

Data, dilemmas and conclusions. 2013,

www.escrs.org/downloads/Endophthalmitis-Guidelines.pdf

> Italy

Recommendations of the Italian Ophthalmology Society for prophylaxis of postoperative
endophthalmitis have not been updated with the most recent clinical scientific evidence; the
society leaves the details of preoperative topical antibiotic use to the surgeon'’s discretion.

Societa Oftalmologica Italiana. Raccomandazioni di Buona Pratica Clinica SO - Prevenzione
dell'endoftalmite postoperatoria. Approved April 2013,
www.sedesoi.com/pdf/Prevenzione_endoftalomite.pdf
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ALTERNATIVES TO ANTIBIOTICS

There are potential alternatives to
antibiotics, including biological and
physicochemical treatment modalities.
Biological strategies include the use of
bacteriophage therapy, predatory bac-
teria, bacteriocins, and immunothera-
peutics.>*“ The advantages of phage
therapy, predatory bacteria, and bac-
teriocins include specificity for a target
bacterial population and efficacy on
topical infections; nevertheless, these
therapies require knowledge of the
target bacterium, and resistance can
develop. Immunotherapeutics are mol-
ecules that boost the host’s immune
system to generally prevent infectious
disease; their disadvantage is that the
timing of delivery must be precise.

So far, no biological approaches have
demonstrated efficacy comparable to
antibiotic treatment.

Physicochemical strategies include
CXL with riboflavin and UV-A light.#
This option has been used to treat
bacterial corneal ulcers in veterinary
and human ophthalmology, showing
efficacy in accelerating epithelialization
and shortening the course of com-
bined antibiotic treatment.

Therapeutic solutions to the problem
of antibiotic resistance are multifac-
eted. One aim is to reduce the use of
antibiotics through the use of alterna-
tive products. No single alternative will
replace all uses of antibiotics because a
variety of specific and general methods
is needed to prevent and treat disease.

(CONCLUSION]

The appropriate use of antibiotics
in ophthalmology must be driven by a
science-based approach. Antibiotic pru-
dence is the use of antibiotics only when
they are expressly needed and at the
most appropriate dose for disease treat-
ment or surgical prophylaxis. Guidelines
for the appropriate use of antibiotics
for prophylaxis and treatment of infec-
tions must be continually updated with
the best available scientific evidence by
public health surveillance bodies and
scientific and clinical associations.



The use of topical antiseptics alone or
as adjuvants in antimicrobial therapies
could be of benefit in treating ocular
surface infections and improving tech-
niques for infection prophylaxis, helping
to reduce the risk of developing resis-
tance to antibiotics. Innovative antimi-
crobial therapies to further minimize the
need for antibiotics are expected to be
available in the near future. m
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