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ABSTRACT

Introduction: To evaluate the antimicro-
bial efficacy of an ophthalmic formulation
containing hexamidine diisethionate (HD)
0.05%, polyhexamethylene biguanide (PHMB)
0.0001%, and edetate disodium (EDTA) 0.01%
(Keratosept®, Bruschettini, Genova, Italy) on the
microbial flora of a healthy ocular surface.
Methods: Patients were enrolled consecutively.
Each patient applied two drops of Keratosept®
in the eye scheduled for cataract surgery (study
eye) three times daily in the 2 days prior to sur-
gery and one time in the morning of surgery.
The contralateral eyes were considered as con-
trol (control eye). Bilateral conjunctival swabs
were collected before the first administration
(TO) and the morning of surgery (T1). The swabs
were processed within 3 h from sampling for the
automated detection of the presence of repli-
cating microorganisms (colony-forming units,
CFU/mL) and the provision of real-time growth
curves.
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Results: Conjunctival swabs of 32 patients
(n=128) were examined. Six patients were
excluded from the efficacy analysis because of
microbial load <50 CFU/mL at TO in the study
eye. No difference between study and control
eyes was observed at TO (p=0.40). Compared
with TO, 20 (76.9%) study eyes and 10 (38.5%)
control eyes showed a>1 log reduction of the
microbial load at T1, with a significant differ-
ence between groups (p=0.005). Keratosept®
showed good tolerability, and no adverse events
or eye discomfort were recorded.

Conclusions: This study showed that the low-
dose combination of antiseptic agents in the
Keratosept® ophthalmic solution effectively
reduces the bacterial load of healthy flora on
the ocular surface.
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Key Summary Points

Topical formulations containing antiseptics
could address the growing issue of antibiotic
resistance and represent a viable alternative
to preoperative antibiotic prophylaxis.

The antimicrobial activity of Keratosept®
ophthalmic solution has already been
assessed in vitro on bacterial and fungal
isolates, showing promising antimicrobial
activity.

We evaluated the antimicrobial efficacy

of an ophthalmic formulation containing
hexamidine diisethionate (HD) 0.05%, pol-
yhexamethylene biguanide (PHMB) 0.0001%,
and edetate disodium (EDTA) 0.01% on the
microbial flora of healthy ocular surface.

This low-dose combination of antiseptic
agents in ophthalmic solution effectively
reduces the bacterial load of healthy flora on
the ocular surface.

INTRODUCTION

Millions of cataract surgeries are performed
globally every year, with demand continuing to
grow, as the World Health Organization (WHO)
estimates that by 2030, one in six people will be
60 years of age or older, and this number will
double by 2050 [1].

Despite its incidence dropping to 0.014-0.08%
with routine use of intracameral cefuroxime,
post-surgical endophthalmitis still represents a
sight-threatening complication typically caused
by microorganisms deriving from the patient’s
ocular surface flora [2-4]. Moreover, the misuse
of topical antibiotics strongly contributes to the
spread of antibiotic-resistant ocular pathogens
[S]. The ongoing Antibiotic Resistance Monitor-
ing in Ocular Microorganisms (ARMOR) study,
the largest prospective study on antimicrobial
susceptibility of common ocular pathogens to
date, has shown an alarming rate of multidrug
resistance (=3 antibiotic classes), up to 30.2%
for methicillin-resistant Staphylococcus aureus

(MRSA) and 39% for coagulase-negative staphy-
lococci (CoNS) [6].

Topical formulations containing antiseptics
could help address the growing issue of antibi-
otic resistance and represent a viable alternative
to preoperative antibiotic prophylaxis. Hexa-
midine diisethionate (HD), polyhexamethylene
biguanide (PHMB), and edetate disodium (EDTA)
have well-known antiseptic properties with a
wide antimicrobial spectrum, including fungi
and protozoa, and high biocompatibility. HD
and PHMB are strong bases that interact with
negatively charged phospholipids in the bacte-
rial membrane [7, 8]. EDTA is a chelating agent
that binds to Mg?* and Ca®* ions on the oligo-
saccharide chain of the lipopolysaccharide and
disrupts the integrity of Gram-negative bacteria.
Similarly, chelation of Fe* and Ca®* explains its
inhibitory effect on fungal growth [9].

The antimicrobial activity of Keratosept®
ophthalmic solution has already been assessed
in vitro on bacterial and fungal isolates, showing
promising antimicrobial activity mainly against
Streptococcus, Staphylococcus, and Candida spp.
(10, 11].

In this study, we evaluated the antimicrobial
efficacy and tolerability of Keratosept® on the
resident ocular surface microbial flora of healthy
patients scheduled for cataract surgery.

METHODS

Study Design

This is a prospective, single-center clinical study.
The study protocol was approved by the Ethics
Committee of Venice and San Camillo Research
Institute (ref. no. 1433; executive determination
no. 210A/CESC, February 22, 2022). Written
informed consent was obtained before the first
administration of the ophthalmic solution, and
the study was conducted following the tenets of
the Declaration of Helsinki.

Study Population and Protocol

Thirty-two consecutive patients (64 eyes)
between 40 and 90 years of age scheduled for
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cataract surgery in one eye were enrolled in
the study between May 2022 and July 2022 at
the Hospital of Chioggia (Chioggia, Italy). All
patients received cataract surgery in the second
eye within 1 month from the first eye, given the
massive impact of COVID-19 on the healthcare
system. Patients with signs of ocular inflam-
mation/infection, ongoing topical treatments,
autoimmune diseases, use of antibiotics during
the last 3 months, hypersensitivity to one or
more components of the study treatment, and/
or ongoing participation in other clinical trials
were excluded.

Each patient applied two drops of Keratosept®
in the eye scheduled for cataract surgery (study
eye) three times daily in the 2 days prior to sur-
gery and two drops the morning of surgery. The
contralateral eye was considered as control (con-
trol eye).

Bilateral conjunctival swabs (FLOQSwabs®,
COPAN Group, Brescia, Italy) were collected at
the baseline visit 2 days before cataract surgery
(TO) and the morning of cataract surgery 30 min
prior to entering the operating room (T1). The
same operator (RLM) collected the conjunctival
samples by rotational movements of the swab
three times in the inferior fornix after retract-
ing the lid margin and avoiding touching it to
prevent any potential contamination. No topical
anesthesia was applied. Conjunctival swabs were
sent to the laboratory of Fondazione Banca degli
Occhi (Venice, Italy) in a modified liquid Amies
medium (ESwab®, COPAN Group, Brescia, Italy)
within 3 h from the collection.

A complete ocular examination, including
visual acuity, fluorescein staining, conjunctival
hyperemia, and intraocular pressure, was pez-
formed at TO and T1 (as specifically established
by the study protocol) and after cataract surgery
at 1 day and 30 days (according to the current
hospital procedures).

The same operator (MT) performed cataract
surgeries by phacoemulsification and intraocular
lens implantation. Before each surgical proce-
dure, the eyelids and periocular skin area were
disinfected with povidone-iodine (PVI) 10%,
and an ophthalmic solution containing PVI 5%
was instilled in the eye. Adverse events were
recorded.

Microbiological Analysis

After the incubation of the sample for 24 h at
30 °C, 0.5 mL of medium was inoculated onto a
specific culture broth and incubated at 37 °C for
a further 24 h in the HB&L system (Alifax, Polve-
rara, Italy) to obtain the microbial culture and
monitor the bacterial replication phase. Based
on light-scattering technology, the HB&L reveals
the presence of replicating microorganisms and
provides real-time growth curves and quantita-
tive microbial count results (microbial load) in
terms of colony-forming units (CFU)/mL.

To check for the presence of residual antimi-
crobial agents in the samples and avoid false-
negative results, we measured the residual anti-
microbial activity (RAA) by incubation of 0.5 mL
of medium in a culture containing S. epidermidis
as a control run at the same time as the patients’
samples.

A microbial load reduction of>1 log at T1 was
considered a favorable outcome and indicative
of a significant effect of the ophthalmic solution
on the resident flora.

Statistical Analysis

Categorical variables (sex, adverse events, ocular
surface evaluation) are given as absolute num-
bers and percentages. Continuous variables
(microbial load, age) are given as mean and
standard deviation (SD) in the case of normal
distribution; otherwise, median and 95% CI.

Conjunctival swabs with less than 50 CFU/mL
were considered not useful for the evaluation of
the efficacy of the ophthalmic solution.

The Student t-test and Wilcoxon signed-rank
test were used for comparison of bacterial load
at TO and T1 in the case of normal and non-nor-
mal distribution, respectively. The McNemar and
Bowker tests were used to compare two or more
categorical variables, respectively. A p-value of
less than 0.05 was considered statistically sig-
nificant. Statistical analysis was performed using
SAS 9.4 software (SAS Institute Inc., Cary, NC,
USA).
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Table 1 Microbial load (millions of CFU/mL) at T0 and T1 in study and control eyes (7 =26)

TO T1

Study eyes Control eyes p-value  Study eyes Control eyes p-value
Mean (SD) 17.6 (31.3) 23.6(31.3) - 7.2 (20.6) 16.4+27.3 -
Median (95% CI)  12.0 (10.5-247)  12.0(10.9-362)  0.40 0.1(-L11t0155) 7.0(54-27.5) 017

T0 time point 0, before the first administration, 7/ time point 1, morning of surgery, CFU colony-forming units, SD stand-

ard deviation, CI confidence interval
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Fig.1 Distribution of CFU in study and control eyes.
Scores showed reduction from TO to T1 in all groups
(n=26). The boxes represent the 25th and 75th percen-
tiles; whiskers are lines extending from each end of the box
to the minimum or maximum or the lowest datum within

1.5-fold IQR of the lower quartile or the highest datum

RESULTS

A total of 32 patients—135 female and 17 male,
aged 75.6 (£9) years—and 128 conjuncti-
val swabs were examined. Six patients were
excluded from the efficacy analysis because the
conjunctival swabs at TO from the study eyes
yielded less than 50 CFU/mL.

At TO, study and control eyes showed no dif-
ferences in the microbial load (p=0.40), reveal-
ing that study and control eyes were not dif-
ferent at baseline with respect to the microbial
load.

Although at T1 the microbial load was not
statistically different from that at TO in either
group (p=0.17), a greater overall decrease in
microbial load was found in the study versus

Study eyes

Control eyes Study eyes
T

within 1.5-fold IQR of the upper quartile. The median
value is the line that bisects the boxes, and the circles are
the outlier values. 70 time point 0, before the first adminis-
tration; 7'/ time point 1, morning of surgery; CFU colony-
forming unit; JQR interquartile range

80 — 76.9%
70 <
60 —
50 -
20 - 38.5%

30

20 —

Control eyes Study eyes

Fig.2 Frequency of favorable results (reduction of micro-
bial load>1 log) in the study and control eyes at T1
(n=26). TI time point 1, morning of surgery
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control eyes (Table 1 and Fig. 1). However,
when considering the eyes with a bacterial
load reduction>1 log at T1, 20 (76.9%) study
eyes versus 10 (38.5%) control eyes reached the
goal, with a significant difference between the
two groups (p=0.005) (Fig. 2).

The RAA test excluded false-negative results.
None of the patients showed signs of conjunc-
tival or corneal toxicity or inflammation, nor
did any report ocular discomfort related to the
use of Keratosept®. Normal intraocular pres-
sure (IOP) values were maintained. No cases of
postoperative endophthalmitis or other ocular
surface infectious disorders were recorded up to
1-month follow-up and thereafter.

DISCUSSION

The spread of antibiotic-resistant microorgan-
isms has dramatically increased the need for
an appropriate prophylaxis for infectious com-
plications. Ophthalmologists are particularly
exposed to this matter since some surgical pro-
cedures, such as cataract surgery and intravitreal
anti-vascular endothelial growth factor (VEGF)
injection, are by far the most commonly pez-
formed worldwide. Antibiotics have long been a
cornerstone of prevention even though there is
no evidence of the benefits of topical antibiotics
over chlorhexidine, PVI prophylaxis, or intraca-
meral cefuroxime alone [12, 13]. The evidence of
both reduced susceptibility of MRSA and other
staphylococci to chlorhexidine and the corneal
cytotoxicity of high-concentration PVI [14, 15]
is prompting the search for new formulations
and molecules with a broad spectrum of anti-
microbial activity and high ocular tolerability
[16-18]. To this end, a combination of differ-
ent antiseptics, such as HD, PHMB, and EDTA in
Keratosept®, could help in preventing resistance
to a single antimicrobial agent.

Although several antiseptic agents have
proven inhibitory power over microbial isolates
when assessed in vitro, application in the patient
is much different, since blinking, dilution of the
ophthalmic solution onto the ocular surface,
compliance, and accurate administration are

some of the variables to consider. In this regard,
a recently published study found comparable
in vivo efficacy profiles of Keratosept® and PVI
0.6% in 50 consecutive patients receiving intra-
vitreal anti-VEGF agents, with a better tolerabil-
ity profile for Keratosept than for PVI [19].

This is the first in vivo clinical assessment of
the antimicrobial efficacy and ocular tolerabil-
ity of an ophthalmic solution combining three
different low-dose antiseptics in patients under-
going cataract surgery. The preliminary results
showed that a 2-day course of Keratosept®
atfected the resident healthy microbial flora in
patients scheduled for cataract surgery, leading
to a decrease in microbial load after short-term
application.

We found no overall statistically significant
decrease in microbial load from TO to T1 in the
study versus control eyes, a result in line with
that obtained from other authors who applied
the technique based on HB&L to detect posi-
tive swabs [20]. In fact, test results expressed in
terms of CFU showed high variability, possibly
as a consequence of induction of reflex tearing
when touching the conjunctiva, causing sample
dilution.

When focusing on cases with favorable out-
comes (reduction of microbial load>1 log at T1
compared to TO0), a significantly different pro-
portion between study eyes (76.9%) and con-
trol eyes (38.5%) can only be attributed to the
use of Keratosept®. The favorable outcome in
control eyes could be explained as a result of
microbial load dilution by reflex tearing, since
the conjunctival swab of the control eye was
always obtained after that of the treated eye. Six
patients (19%) were excluded from the efficacy
analysis, in line with a previous study [18].

The use of Keratosept® was confirmed safe,
and no signs of toxicity or subjective discomfort
were reported. With regard to the occurrence of
endophthalmitis or other postoperative infec-
tions, given their extremely low prevalence, the
number of patients included in the study was
inadequate to retrieve any possible events.
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Study Limitations

The authors are aware of the limitations of the
results from this study, mainly the small sam-
ple size, the lack of a comparator topical anti-
septic, the blinding condition, and the absence
of specific tools (e.g., conjunctival hyperemia
scale, Ocular Surface Disease Index [OSDI],
10-point visual analog scale) to assess the tol-
erability of the ophthalmic solution.

CONCLUSIONS

Our study represents the first clinical assess-
ment of the antimicrobial activity and ocular
tolerability of an ophthalmic solution com-
bining three low-dose antiseptics in patients
undergoing cataract surgery. The results
support the antimicrobial activity of the
Keratosept® ophthalmic solution on the resi-
dent normal ocular surface flora. Further stud-
ies could clarify whether different treatment
schemes in terms of dosage and duration may
be associated with greater effectiveness.
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