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H i g h l i g ht  s
Fluoroquinolones are 

chemotherapeutic agents 
characterized by broad 

antibacterial spectrum. New 
generations of fluoroquinolones, 
for example moxifloxacin, with 
greater antibacterial activity, 

should be reserved for resistant 
infections, that could not 

be treated with using older 
generations of fluoroquinolones.

Abstract
There are many mechanisms, that protect healthy ocular surface from invasion 
of pathogenic bacteria. Infection and inflammation develop on the ocular sur-
face in case of damaging natural defensive barrier. One of the most common 
ocular surface infections are bacterial conjunctivitis and keratitis. Rational 
therapy of these diseases should be based on antibiotics that have broad an-
timicrobial spectrum, good efficacy and safety. All these qualities have fluoro-
quinolones: ofloxacin, levofloxacin and moxifloxacin.
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Introduction
Due to its location, the ocular surface is constantly exposed 
to pathogens. However, thanks to the barrier formed by the 
protective apparatus of the eye, tear film, non-specific im-
mune mechanisms, and the microbial flora, it is protected 
against infections. 
Tears not only dilute toxins and reduce the concentration 
of potential inoculum, but thanks to the content of lacto-
ferrin, defensin, immunoglobulin class A, components of 
complement cascade and cytokines, they provide an envi-
ronment for non-specific immune response mechanisms. 
In addition, by providing oxygen and nutrients, they keep 
the cornea in good health.
The normal conjunctiva, due to the presence of neutro-
phils, lymphocytes, macrophages, plasma cells, antigen- 
-presenting cells and a rich vascular network, ensures de-
velopment and regulation of a specific immune response 
directed against antigens on the ocular surface. Langerhans 
dendritic cells, which are antigen presenting cells capable of 
stimulating T-lymphocytes, are also present in the cornea.
The physiological flora, which consists predominantly of 
Gram-positive bacteria: Staphylococcus epidermidis and 
Corynebacterium xerosis, is also responsible for maintain-
ing well-being of the surface of the eye. Violation of the nat-
ural defense mechanisms of the eye surface facilitates in-
vasion of pathogenic microorganisms, which through their 
exotoxins and proteolytic enzymes lead to the development 
of infection and damage to eye tissues.
The most common factors predisposing to damage of the 
ocular surface barrier are trauma, contact lens wear, chron-
ic topical steroid therapy, abnormalities of the ocular pro-
tective apparatus and tear film dysfunction, and immuno-
suppressed states.

Ocular surface infections
Ocular surface disorders are a significant clinical prob-
lem worldwide. Most patients present to the ophthal-
mology emergency room with the so-called “red eye”, 
most commonly caused by conjunctivitis and keratitis. 
In a study by Caiado et al. published in 2018, 38.56% of 
patients (of total 783) sought emergency care for con-
junctivitis. Of these, 74.8% (226) were diagnosed with 
bacterial conjunctivitis [1].
The etiology of bacterial conjunctivitis varies according 
to the patient’s age. In children, Haemophilus influen-
zae, Streptococcus pneumoniae, and Moraxella catarrh-
alis predominate among isolated pathogens, whereas 
Staphylococcus spp. prevail in adults. Moreover, infec-
tions with Gram-negative bacilli are more frequently 
found in contact lens wearers [2]. A much more serious 
clinical problem is infectious keratitis considered the 

leading cause of corneal visual impairment in both de-
veloped and developing regions of the world. They have 
an estimated incidence of 2.5–799/100,000/year [3].
Bacteria are the most common etiologic agents of kera-
titis. Ting et al. reported that the percentage of bacterial 
keratitis, which varies by geographic region, is 91–93% 
in Great Britain, 86–92% in North America, 79–88% in 
South America, 91.8% in the Middle East, and 93–100% 
in Australia and Asia [3].

Clinical picture
The clinical picture of typical ocular surface inflammation 
is redness, discomfort or pain, as well as varying degrees 
of visual impairment. Corneal inflammations are caused 
mainly by Gram-positive cocci, with the predominance of 
coagulase-negative staphylococci (24–46%), Staphylococcus 
aureus (5–36%), and streptococci (7–16%). Pseudomonas 
aeruginosa infections are found in 5–24% of cases, more 
commonly in contact lens wearers [3]. Bacterial infections 
of the superficial tissues of the eye are usually established 
based on the clinical picture. One of the most characteristic 
symptoms suggestive of bacterial etiology is the presence of 
purulent discharge. In such a situation, empirical treatment 
is recommended.
Only when the implemented empirical treatment is unsuc-
cessful or the course of the infection is severe and threat-
ening to vision, chronic or recurrent, should material be 
collected for microbiological examination. According to 
available data, bacterial conjunctivitis is self-limiting and 
generally resolves within 1–2 weeks. The implementation 
of topical antibiotic therapy shortens the duration of symp-
toms, brings a 10% clinical improvement, and reduces the 
transmission of infection [4]. If the infection involves the 
cornea, it is recommended to collect material for microbio-
logical examination prior to the treatment. Only in cases of 
small infiltrations without epithelial loss, there is no need 
to collect the material. 

Principles of antibiotic therapy
Empirical antibiotic therapy should include in its spectrum 
microorganisms that are the most common etiologic agents 
of a given inflammation type. Empirical antibiotic therapy 
with the use of broad-spectrum antimicrobial chemothera-
peutics is the first-line treatment in bacterial ocular surface 
infections. Ophthalmic pharmacotherapy is characterized 
by certain variations that influence treatment efficacy.  
A drug administered into the conjunctival sac reaches dif-
ferent concentrations that are changing over time depend-
ing on the form, the tear exchange rate, and the severity of 
inflammation on the ocular surface.
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Higher lipophilicity compounds are characterized by bet-
ter bioavailability, thus providing higher concentrations in 
ocular tissues. The drug concentration in vivo should equal 
or exceed the minimum inhibitory concentration (MIC) 
and achieve mutant prevention concentration (MPC) val-
ues. The latter represents the concentration of a drug above 
which bacteria do not develop drug-resistance mutations. 
It has been estimated that MPC is 10 times the MIC [5]. 
Moreover, the drug applied to the ocular surface should 
be safe and have the least toxic effect on the ocular surface 
epithelial cells so as not to interfere with healing and re-
generation processes. Fluoroquinolones have all the above 
characteristic and can be considered a good antibiotic.

Fluoroquinolones
Fluoroquinolones, nalidixic acid derivatives, are a group 
of synthetic chemotherapeutic agents introduced to oph-
thalmic pharmacotherapy in 1991. Due to increasing 
bacterial resistance, subsequent generations of fluoro-
quinolones have had an extended spectrum of antimicro-
bial activity and better pharmacokinetic properties.
Fluoroquinolones are antibacterial compounds which can 
bind gyrase and topoisomerase IV (essential enzymes in 
DNA replication) to block the synthesis of bacterial genet-
ic material leading to cell death. Currently, there are four 
generations of fluoroquinolones used in ophthalmic phar-
macotherapy: second-generation ofloxacin, third-genera-
tion levofloxacin and fourth-generation moxifloxacin.
Ofloxacin is a second-generation fluoroquinolone with 
antibacterial activity against Gram-negative aerobic bac-
teria and limited efficacy against Gram-positive infec-
tions. 
The drug is safe and well-tolerated. Among all fluoro-
quinolones used in ophthalmology, it has the lowest bio-
availability and reaches the lowest aqueous concentrations 
after instillation to conjunctival sac [6].
Levofloxacin is a third-generation fluoroquinolone with 
an extended spectrum of antimicrobial activity against 
aerobic Gram-positive and Gram-negative bacteria. Com-
pared to ofloxacin, it has better intraocular penetrability. 
After conjunctival administration, it achieves an aqueous 
concentration of 2.89 μm/ml [6, 7]. Moreover, it shows the 
least toxicity compared to other fluoroquinolones [8–10].
Moxifloxacin is the newest, fourth-generation fluoro-
quinolone with the broadest spectrum of antimicrobial 
activity against Gram-positive and Gram-negative aerobic 
and anaerobic bacteria. 
Due to its high solubility and lipophilicity, it is dosed less 
frequently than the older generation fluoroquinolones – 
only 3 times daily, but it still achieves even 2–4 times higher 
tissue concentration than levofloxacin or ofloxacin [6, 7]. 

Owing to its highest bioavailability, moxifloxacin tissue 
concentration in vivo reaches the MPC level, which pro-
tects against the development of bacterial resistance mech-
anisms against it [11].  
However, moxifloxacin is known as the most toxic fluoro-
quinolone used in ophthalmology. Toxic effects on corneal 
epithelial cells were found during prolonged exposure to 
high concentrations of the substance [8–10]. At standard 
dosage, moxifloxacin is safe and well-tolerated. Adverse ef-
fects such as pinching, lacrimation, dryness, and irritation, 
as well as subconjunctival hemorrhage or punctate corneal 
epitheliopathy are mostly caused by preservatives. Thus, 
preservative-free formulation significantly improves the 
tolerability of the drug.
Moxifloxacin is the only fluoroquinolone registered for use 
by pregnant and lactating women. Unlike older generation 
fluoroquinolones, moxifloxacin can be safely used in all 
age groups, including neonates. The efficacy of the above-
mentioned three fluoroquinolones against microorganisms 
which most frequently cause ocular surface infections is 
mostly similar [12].
Moxifloxacin shows better activity than ofloxacin or lev-
ofloxacin against Gram-positive bacteria, particularly 
Staphylococcus aureus and Streptococcus pneumoniae. Due 
to better pharmacokinetic parameters and higher bioavail-
ability, the use of moxifloxacin gives good results in treating 
serious vision-threatening ocular infections. Better pene-
tration into ocular structures also makes moxifloxacin an 
effective antibiotic for perioperative prophylaxis.
Fluoroquinolone monotherapy is currently gaining popu-
larity in the treatment of bacterial keratitis, as it has demon-
strated to be as effective as combination therapy with van-
comycin and fluoroquinolone or with fortified antibiotics 
such as vancomycin and gentamicin [13].
Considering additional benefits of fluoroquinolone mon-
otherapy such as good availability of ready-to-use prepa-
rations, reduced toxicity, better patient compliance, and 
the possibility of outpatient treatment, fortified antibiotics 
should be used only in case of severe, vision-threatening 
ulcers unresponsive to the first-line treatment [14].
Due to the problem of increasing antibiotic resistance, a lot 
of attention is paid to the rationalization of treatment. An 
unnecessary use or inappropriate selection of antibiotics is 
not only ineffective, but it also destroys the microbial flora 
of the ocular surface and promotes the selection of resistant 
strains. Therefore, judicious use of available drugs is neces-
sary to maintain their effectiveness [15].

Conclusions
Fluoroquinolones are broad-spectrum antimicrobial drugs 
that remain effective against bacteria causing the most 
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common ocular infections. They represent a safe form 
of treatment in all age groups and are well-tolerated by 
patients. Subsequent generations are characterized by  
a broader antimicrobial activity, but at the same time (due 
to the increasing concentration of the preparations) also by 

potential cytotoxicity to the corneal epithelium. Therefore, 
it seems that higher-generation fluoroquinolones, such as 
moxifloxacin, should be reserved for treating infections 
that threaten vision loss and the ones that do not respond 
to treatment with lower-generation fluoroquinolones.

Correspondence
Ewelina Trojacka, MD
Chair and Depar tment of Ophthalmology, II  Faculty of 
Medicine, Medical University of Warsaw;
Independent Public Clinical Ophthalmology Hospital 
in Warsaw
00-576 Warszawa, ul. Marszałkowska 24/26
e-mail: ewelinatrojacka@gmail.com

ORCID 
Justyna Izdebska – ID – http://orcid.org/0000-0002-5289-6860

References
1.	 Caiado AVPR, Morato R, Abreu de Lima P et al. Epidemiology of conjunctivitis in the emergency department of reference hospital in 

Goianiai. Invest Ophthalmol Vis Sci. 2018; 59(9): 3780.
2.	 Azari AA, Barney NP. Conjunctivitis. JAMA. 2013; 310(16):1721-9.
3.	 Ting DSJ, Ho CS, Deshmukh R et al. Infectious keratitis: an update on epidemiology, causative microorganisms, risk factors, and antimi-

crobial resistance. Eye. 2021; 35: 1084-101.
4.	 Pippin MM, Le JK. Bacterial Conjunctivitis. StatPearls Publishing, 2022.
5.	 Blondeau JM, Zhao X, Hansen G et al. Mutant Prevention Concentrations of Fluoroqinolones for Clinical Isolates of Streptococcus pneu-

moniae. Antimicrob Agents Chemother. 2001; 45(2): 433-8.
6.	 Wagner RS, Abelson MB, Shapiro A et al. Evaluation of moxifloxacin, ciprofloxacin, gatifloxacin, ofloxacin, and levofloxacin concentra-

tion in human conjunctival tissue. Arch Ophthalmol. 2005; 123: 182-3.
7.	 Yagci R, Oflu Y, Dincel A et al. Penetration of second-, third-, and fourth- generation of topical fluoroqinolone into aqueous and vitreous 

humour in a rabbit endophthalmitis model. Eye. 2007; 21: 990-4.
8.	 Oum BS, Kim NM, Lee JS et al. Effects of fluoroquinolone eye solutions without preservatives on human corneal epithelial cells in vitro. 

Ophthalmic Res. 2014; 51(4): 216-23.
9.	 Han KE, Chung WS, Kim TI et al. Epithelial wound healing after cataract surgery comparing two different topical fluoroqinolones. Yonsei 

Med J. 2014; 55(1): 197-202.
10.	 Tsai T, Chen W, Hu F. Comparison of fluoroqinolones: cytotoxicity on human corneal epithelial cells. Eye. 2010; 24; 909-17.
11.	 Lai WW, Chu KO, Chan KP et al. Differential aqueous and vitreous concentrations of moxifloxacin and ofloxacin after topical administra-

tion one hour before vitrectomy. Am J Ophthalmol. 2007; 144: 315-8.

Rational therapy of ocular surface bacterial infections with fluoroquinolones
E. Trojacka, J. Izdebska 



123
Co p y r i g h t  ©  M e d i c a l  E d u c a t i o n Vo l .  9 / N r  2 ( 3 4 ) / 2 0 2 2  ( s .  1 1 9 - 1 2 3 )

Authors’ contributions:
Ewelina Trojacka: 50%; Justyna Izdebska: 50%.
Conflict of interest:
None.
Financial support:
None.
Ethics:
The content presented in the article complies with the principles of the Helsinki  
Declaration, EU directives and harmonized requirements for biomedical journals.

12.	 Kowalski RP, Dhaliwal DK, Karenchak LM et al. Gatifloxacin and moxifloxacin: an in vitro susceptibility comparison to levofloxacin, cipro-
floxacin and ofloxacin using bacterial keratitis isolates. Am J Ophthalmol. 2003; 136: 500-5.

13.	 Hanet MS, Jamart J, Chaves AP. Fluoroqinolones or fortified antibiotics for treating bacterial keratitis: systemic review and meta-analysis 
of comparative studies. Can J Ophthalmol. 2012; 47(6): 493-9.

14.	 Khoo P, Aguas MPC, Watson S. Comparison of combination fortified antibiotics and monotherapy fluoroquinolone in the treatment of 
bacterial keratitis. Invest Ophthalmol Vis Sci. 2020; 61(7): 5216.

15.	 Haas W, Pillar CM, Torres M et al. Monitoring antibiotic resistance in ocular microorganisms: results from the Antibiotic Resistance Mon-
itoring in Ocular micRorganisms (ARMOR). 2009 surveillance study. Am J Ophthalmol. 2011; 152(4): 567-74.

Rational therapy of ocular surface bacterial infections with fluoroquinolones
E. Trojacka, J. Izdebska


