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Abstract

Contact lens use is often associated with corneal infections. Pseudomonas aeruginosa is the
most common cause of contact lens-associated infections. Its treatment is often challenging
due to the ability of this opportunistic bacteria to be resistant to antibiotics that are, usually,
prescribed empirically. Antiseptic could be an adjunctive therapy aiming to broaden the an-
timicrobial spectrum. Low concentration povidone iodine has rapid broad-spectrum activity
against bacteria including P. aeruginosa, fungi, viruses, protozoa, and biofilms, lack of resis-
tance and efficacy in wound healing process, along with an optimum safety and tolerability
profile. The purpose of this case report was to show the effect of 0.66% povidone iodine
added to the antimicrobial treatment of a corneal abscess caused by P. aeruginosa in a contact
lens wearer. A 25-year-old female, with suspected microbial keratoconjunctivitis was empiri-
cally treated with topical antibiotics (gentamicin and moxifloxacin). After a worsening of the
corneal abscess, subconjunctival injection of gentamicin was started and, with the aim of
broadening the antimicrobial spectrum, 0.66% PVP-I (2 times a day) was added. Based on the
antibiogram, registering abundant growth of P. aeruginosa, topical antibiotics were substi-
tuted with ciprofloxacin, while PVP-1 was maintained until complete recovery. Combined treat-
ment of antibiotics and PVP-1 0.66% was effective, safe, and well tolerated in treating ocular
infection caused by P. aeruginosa. PVP-| could be a useful additional therapeutic tool for fight-
ing P. aeruginosa infections, generally resistant to antibiotics, and to prevent clinical worsen-
ing pending the correct microbiological diagnosis.
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Introduction

Contactlenses (CLs) are widely used for vision correction. More than 140 million wearers
are present worldwide [1]. Although CLs are generally well tolerated, they can often be the
vector of corneal infection (microbial keratitis [MK]) with an annual incidence of around 2-4
per 10,000 wearers and 20 per 10,000 for overnight soft-lens wearers [2].

Based on several studies, the pathogenesis of MK associated with CL wearing would
appear to be a complex and multifactorial process including different factors able to
compromise the resistance to infection of the healthy cornea. Data report that blinking, tear
fluid flow, the structure of corneal epithelium as well as the basal lamina of healthy eyes are
all contributing factors along with regulatory elements to generate a barrier protecting the
corneal stroma against penetration of microbial pathogens [1].

However, penetration of the corneal epithelium can occur in the presence of pathogenic
microbial levels. CLs are considered a primary vector of this penetration for two reasons: they
provide a substrate favoring the adhesion of microbes and their transfer onto the ocular
surface, and at the same time, they provoke a disruption of the tear film as well as of the ocular
surface barriers. They may therefore be the major predisposing factor to infection by allowing
bacteria access to the deeper layer of the cornea [3].

Moreover, the ocular microbiota in CL wearers is characterized by contamination from
bacterial species of the lid margins and Gram-negative bacteria which are generally present
in domestic water supplies [4]. The ocular surface of CL wearers has lower levels of Gram-
positive bacteria in comparison with non-lens wearers, while on the other hand, it has greater
levels of Gram-negative species [5].

Among all the Gram-negative bacteria, Pseudomonas aeruginosa, although it is an oppor-
tunistic pathogen causing infection only rarely, is the most common cause of CL-associated
ocularinfections. Itis one of the major organisms causing MK related to CL use due to favorable
CL colonization [6], survival niche allowing microbial replication at the interface between the
cornea and CL [7], and ability to produce a biofilm [8]. Particularly, the biofilm formation on
CLs may prolong the retention time of the organisms in the site and increase their pathoge-
nicity [9].

Moreover, the P. aeruginosa genome has several virulence factors, both cell-associated
and extracellular, capable of starting and maintaining infection [10]. P. aeruginosa produces
some enzymes which include protease which either invades or Kills cornea cells and, through
a complicated regulatory system, plays an important role in regulating virulence during
infection. For example, it coordinates the production of virulence factors by means of the
quorum-sensing system [11]. One of the effects of these virulence factors is the digestion of
collagen which contributes to corneal melting and perforation along with an excessive acti-
vation of the host’s immune response that favors tissue destruction [11].

Treatment of eye infections caused by P. aeruginosa is often challenging due to the ability
of this opportunistic bacteria to be resistant to antibiotics with both intrinsic and acquired
mechanisms [12]. Indeed, it is naturally immune to several antibiotics due to the presence of
resistance genes in its genome. Moreover, it is also capable of acquiring mobile gene elements
such as plasmids, integrons, and transposons that are capable of conferring rapid drug resis-
tance [13, 14]. Mobile gene elements are crucial for the transmission of resistance to amino-
glycosides and beta-lactams antibiotics. Furthermore, even some potential factors for the
transmission of fluoroquinolones resistance have been recently identified [12].

Antibiotics are routinely used for the treatment of MK as well as for many others ocular
infections, although their overuse and misuse is increasing the risk of higher antibiotic resis-
tance. This may favor a quali-quantitative selection of specific microbial strains that may
worsen the clinical condition [15].
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Sometimes antiseptics can be considered as an alternative to antibiotics or an adjuvant
therapy so as to prevent the development of resistance [16]. Povidone iodine (PVP-I) is the
gold standard antiseptic in ophthalmology. It is known for its rapid broad-spectrum activity
against bacterial spores, bacteria, fungi, viruses, and protozoa [17]. Even when compared
with other antiseptic agents such as chlorhexidine gluconate, polyhexanide, or octenidine,
PVP-I showed a broader antimicrobial spectrum against Gram-negative bacteria, actinobac-
teria, bacterial spores, fungi, and viruses and a similar broad spectrum against Gram-positive
bacteria [18]. It acts by releasing free iodine, which causes cell death by penetrating the
microbial membranes and causing intracytoplasmic oxidation of proteins [17]. Instead,
chlorhexidine is a much larger molecule that is not able to penetrate the cell wall and cannot
be absorbed by some Gram-negative bacterial cell membranes. It is not active against several
Enterobacteriaceae, P. aeruginosa, all Actinobacteria, and all spores [16]. On the contrary,
PVP-I activity, especially at low concentration, against Gram-negative bacteria, including
P. aeruginosa, has been clearly demonstrated in in vitro and ex vivo studies [19-21]. Low-dose
PVP-I has been shown to eradicate also robust biofilms of multidrug-resistant S. aureus,
K. pneumoniae, P. aeruginosa, and Candida albicans in vitro [22]. Furthermore, it can prevent
the selection of resistant bacterial strain or cross-resistance caused by antibiotics [23]. In fact,
notwithstanding the long and extensive use of PVP-], to date, no reports concerning resis-
tance or cross-resistance to PVP-I have been recorded even in ophthalmic use [23]. The
favorable resistance profile of PVP-I is probably due to the multiple mechanisms of action of
PVP-I [24, 25]. This effect is in contrast with other antiseptics [18]. Unlike PVP-I, chlorhex-
idine, for example, has been found to act on one specific bacterial target: the bacterial cell wall
[26]. Therefore, the adaptation of this target may result in resistance to its activity. Despite
recent reports suggesting that the use of chlorhexidine does not favor any resistance among
pathogens [27-29], there is some evidence to the contrary in several studies [30-34]. This
report describes the resolution of a corneal abscess case in a CL wearer with ocular infection
caused by P. aeruginosa, treated with broad-spectrum empiric antibiotic treatment asso-
ciated with antiseptic formulation containing 0.66% PVP-I.

Case Report/Case Presentation

Written informed consent was obtained from the patient for publication of this case
reportand any accompanying images. A 25-year-old female, CL wearer, came to the surgery
with clear signs and symptoms of keratoconjunctivitis (day 0, shown in Fig. 1). A conjunc-
tival swab was promptly performed, and she was empirically treated with broad-spectrum
antibiotics, moxifloxacin 0.5% (VIGAMOX eye drops; Sooft Italia) and gentamicin 0.3%
(GENTICOL eye drops; Sifi) 4 times a day, in order to fight potential infection caused by both
Gram-positive and Gram-negative germs, respectively. The following day, the patient
worsened as the pain increased and was not adequately controllable even with systemic
painkillers. The keratitis, indeed, evolved into corneal ulcer with hypopion involving the
deeper corneal layers and the anterior chamber. Even the visual acuity worsened (day 1,
shown in Fig. 2). Therefore, a subconjunctival injection of gentamicin was immediately
added to the empirical antibiotic treatment. Furthermore, while waiting for the conjunc-
tival swab results, it was decided to administer an adjunctive treatment with a solution
containing 0.66% PVP-I, hyaluronic acid, and medium-chain triglycerides, 2 times a day
(IODIM®, Medivis) with the aim of broadening the antimicrobial spectrum. The antibiotic
therapy (topical and subconjunctival) and the treatment with PVP-I were continued for 5 days
when the abscess appeared to be cured (day 5, shown in Fig. 3). At day 5, the conjunctival swab
evaluation and the antibiogram results highlighted an infection caused by P. aeruginosa highly

1
Karger <

400



rts i = 401
Case Re pO sin Case Rep Ophthalmol 2022;13:398-407
DOI: 10.1159/000524539 © 2022 The Author(s). Published by S. Karger AG, Basel

Ophthalmology i kargercom/cop

Castelnuovo: Povidone lodine 0.66% as Adjunctive Therapy to Empirical Antibiotics

Fig. 1. Day 0, keratoconjunctivitis with corneal infil-
trate.

Fig. 2. Day 1, corneal abscess.

sensitive to aminoglycosides and more sensitive to ciprofloxacin than to gentamicin. Conse-
quently, a therapy with ciprofloxacin 0.3% (OFTACILOX eye drops; Alcon) was started (instead
of the previous topical moxifloxacin and gentamicin) and associated to PVP-I treatment
until day 10, while the subconjunctival injection with gentamicin was continued until day 7.
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Fig. 3. Day 5, clean corneal abscess.

Fig. 4. Day 10, corneal abscess resolution.

At day 10 (day 10, shown in Fig. 4), the patient showed no more signs of the corneal ulcer.
From day 11 and for the following 2 months, the patient was maintained with an anti-
inflammatory treatment based on a corticosteroid formulated in hyaluronic acid vehicle
(CORTIVIS®, Medivis; hydrocortisone sodium phosphate and hyaluronic acid), leading to
the complete resolution of the inflammatory processes (month 2, shown in Fig. 5). After the
2-month period, the spectacle corrected visual acuity was 0.8 with -3.75 D of myopia and
central leukoma, not causing visual disturbance or significant aberration. This combined
treatment of antibiotic and antiseptic may suggest the usefulness of routinely adding anti-
septic agents for the treatment of this kind of infection, although this procedure should be
verified in other large clinical studies.
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Fig. 5. Month 2, corneal leukoma in outcomes
of corneal abscess.

Discussion/Conclusion

MK s a clinical condition potentially leading to blindness that requires prompt treatment
in order to preserve vision. Itis historically considered a nonviral infection caused by bacteria,
fungi, and/or protozoa, although suitable diagnosis of causative organisms is still critical. The
main diagnostic tool remains that of germ cultures, but often, they are inadequate, especially
as they take a long time to provide a diagnostic result. Faster methods are still needed to
minimize treatment failure and to limit antimicrobial resistance [35, 36].

Based on the advice from the Royal College of Ophthalmologists, MK should initially be
treated with a broad-spectrum antibiotic able to fight both Gram-negative and Gram-positive
bacteria [37]. Dual therapy targeting both Gram-negative and Gram-positive germs is usually
based on topical aminoglycosides and fourth generation fluoroquinolones [38]. However, it
is becoming clear that a more targeted treatment to improve the clinical outcome is going to
be needed [10]. Since microbiological evaluation of conjunctival swabs often takes along time
to be performed and is not always completely reliable due to the lack of material recovered,
this often leads to the choice of incorrect and ineffective therapies responsible for worsening
of the ocular pathology.

P aeruginosa, which is the major causative microbe isolated in MK associated with CL use,
is an important pathogen in worldwide healthcare which has been included - by the Infec-
tious Diseases Society of America - in the group of antibiotic-resistant bacteria Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, P. aeruginosa,
and Enterobacter spp., acronymically dubbed “the ESKAPE pathogens” since they are capable
of “escaping” the microbicidal action of antibiotics [39]. Moreover, P. aeruginosa is a bacterium
that regularly forms biofilms [40], and biofilm formation during infection is a highly critical
factor which confers a drastic increase in microbial resistance to antibiotics, even when the
strains are susceptible during planktonic growth. Antibiotics that are clinically useful, such as
aminoglycosides and fluoroquinolones, are shown to be effective in killing P. aeruginosa in
planktonic growth but can induce severe biofilm production when the microbes are exposed
at subinhibitory concentrations. This may be one of the reasons why P. aeruginosa infection
is hard to treat. Microbes living in a biofilm community are, in fact, exposed to lower concen-
trations of antibiotics when medications are administered, a condition which may contribute
to the exacerbation of chronicinfections by strengthening the existing biofilms [41]. Moreover,
although fluoroquinolones are currently used in clinical practice as an empirical therapy,
resistance to this class of antibiotics is likely to increase according to various reports
concerning the acquired fluoroquinolones resistance genes in P aeruginosa isolates [42].
Clinicians should bear in mind that clinical resistance may occur even with the newer fluoro-
quinolones [43].
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Another aspect to be considered is toxicity related to the prolonged use of antibiotics.
For example, it is known that prolonged use of aminoglycosides such as gentamicin may
resultin host cell toxicity and potential damage to corneal epithelium, resulting in prolonged
healing time [37]. For the aforementioned reasons, sometime the first-line treatment may
fail or may be inappropriate due to a resistance identified by the later analysis of conjunc-
tival swab. Therefore, combining from the outset an antibiotic therapy together with a
broad-spectrum antiseptic agent that is also capable of fighting biofilms and is immune
to resistance could be the appropriate choice to reduce the worsening of the clinical
condition.

This report describes the successful treatment of MK with an association of antibiotics
and antiseptic. In the first instance, the treatment with the association of aminoglycoside
and fluoroquinolone, prescribed empirically, did not produce any improvement and the MK
turned into a corneal abscess. Only 5 days after starting the empirical treatment did the
ineffectiveness of the moxifloxacin become clear (due to the identification of the Gram-
negative germ, P. aeruginosa that was maintaining the infection), and the appropriate anti-
biotic was prescribed (ciprofloxacin). In this scenario, the additional antiseptic treatment
based on PVP-I may have contributed to the improvement of the clinical condition that was
resolved just a few days later. Indeed, although intense conjunctival irritation was still
present, it might be related to the toxic side effect of topical antibiotics. In contrast, a
reduction of the microbialload resulting in the improvement of the abscess could be hypoth-
esized as being linked to the PVP-I activity. Based on this hypothesis, the improvement of
the clinical condition of the patient may be attributable to the antiseptic therapy added to
the antibiotic ones.

The antiseptic agentused in the present case was a 0.66% PVP-I solution also containing
hyaluronic acid, glycerol, and medium-chain triglycerides. Among the different antimi-
crobial agents, formulations containing PVP-] have been used for antisepsis for a long time.
Particularly, 0.66% PVP-I has been described in cases of corneal ulcers [44, 45] as well as
in adenoviral keratoconjunctivitis [46] treated successfully. It also has several advantages
when compared to other antiseptics: it has the broadest spectrum of activity, it is effective
in killing ESKAPE pathogens and biofilms, and there has been no resistance or cross-resis-
tance described even if it has been widely used for decades [18]. PVP-I can also promote
wound healing through different mechanisms such as increased expression of transforming
growth factor beta, neovascularization, and reepithelialization, so it could be considered
the ideal agent for the management of antisepsis in wound care [24, 47, 48].

Noteworthy is also its optimum tolerability profile [24]. The safety and tolerability of
PVP-I has been clinically evaluated in an observational, prospective study involving patients
with mild-moderate dry-eye disease. The study demonstrated that PVP-I, 2 drops/BID for a
4-week period, was well tolerated and efficacious in improving symptoms and reducing the
severity of the injury of the ocular surface as showed by the increase in TBUT and the reduction
of epithelial distress highlighted with corneal-conjunctival staining [49]. On the other hand,
the presence in the formulation of hyaluronic acid, glycerol, and medium-chain triglycerides
may have contributed to the improvement of the ocular surface health. The undisputed effec-
tiveness of PVP-l along with the safety profile of the specific formulation may have contributed
to the resolution of the case by early expansion of the antimicrobial spectrum and by favoring
the healing process toward the final recovery. PVP-10.66%, because of its broad antimicrobial
spectrum, its immunity to resistance/cross-resistance, its efficacy against ESKAPE microor-
ganisms, and biofilms and because of its favorable safety profile, even in long-term use and,
also in the wound healing process, could be an ideal treatment to be added promptly to the
antibiotic treatment that is usually prescribed in an empirical way while waiting for the exact
microbiological diagnosis.
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