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Abstract

Purpose: To determine the in vitro antimicrobial activity of quinolones against major bacterial isolates from the
ocular surface bacterial flora of patients in a tertiary hospital for selection of optimal antibiotic eye drop during
the perioperative stage.
Methods: The conjunctival sac scraping of 933 patients who underwent ophthalmic surgery was cultivated
and bacterial species of the isolates were identified. The minimum inhibitory concentrations (MICs) of
gatifloxacin (GFLX), moxifloxacin (MFLX), levofloxacin (LVFX), and tosufloxacin (TFLX) were measured
by microdilution methods. The cumulative percentages of MICs of 4 quinolones against major bacteria were
calculated. The concentrations of quinolones inhibiting 50% (MIC50) and 90% (MIC90) of the major bacteria
were compared.
Results: The study mainly included 784 patients scheduled for cataract surgery, 73 for vitrectomy, 30 for corneal
transplantation, 30 for conjunctival surgery, 11 for eyelid surgery. The most frequently isolated bacterium was
coagulase-negative Staphylococci (CNS) (184 strains), followed by Corynebacterium (107 strains), Staphylococcus
aureus (33 strains), Streptococcus (18 strains), and Enterococcus (13 strains). The percentages of methicillin-
sensitive CNS isolates for which MIC of GFLX, MFLX, LVFX, and TFLX was 0.06 mg/mL or less were 8.0%,
13.4%, 5.4%, and 63.4%, respectively. Similarly, the percentage for Corynebacterium was 23.0%, 23.0%, 0%,
and 35.6%, respectively. MIC50 of TFLX for Streptococcus and Enterococcus showed the lowest values, 0.12
and 0.25 mg/mL, respectively.
Conclusions: Among 4 quinolones, TFLX has the highest in vitro antimicrobial activity against major bacterial
isolates from the ocular surface bacterial flora of patients in a tertiary hospital.

Keywords: preoperative, ocular surface bacterial flora, minimum inhibitory concentration, quinolone,
MIC50, MIC90

Introduction

Endophthalmitis after internal ocular surgery is
the most devastating postsurgical complication, and

all ophthalmic surgeons should be vigilant for this com-
plication.1,2 It is mostly caused by bacteria residing on the
ocular surface.3–5 Third- or fourth-generation quinolone eye
drops, which are effective against a broad spectrum of major
bacteria and having good ocular tissue permeability,6–8 are
widely used as prophylactics during the perioperative period
to prevent endophthalmitis in Japan. The selection criteria for
quinolone eye drops differ across institutions and with oph-

thalmologists. In recent years, many tertiary hospitals have
adopted the clinical pathways (CPWs), which aim to orga-
nize and standardize care processes to both maximize patient
outcomes and improve organizational efficacy.9–11

Because perioperative drugs are decided in CPWs uni-
formly, the selection of quinolone eye drops should rely on
the drug susceptibility of major ophthalmic clinical isolates
at each institution. Alteration of the choices of these eye
drops by refinement of CPWs, when needed, is crucial. In
this study, we aimed to gather scientific evidence for the
selection of quinolone eye drops for perioperative pro-
phylactic use against endophthalmitis by determining the

1Department of Ophthalmology, Kindai University Faculty of Medicine, Osakasayama-shi, Japan.
2Department of Ophthalmology, Fuchu Eye Center, Izumi-shi, Japan.

JOURNAL OF OCULAR PHARMACOLOGY AND THERAPEUTICS
Volume 37, Number 2, 2021
ª Mary Ann Liebert, Inc.
DOI: 10.1089/jop.2020.0091

84

D
ow

nl
oa

de
d 

by
 K

IN
K

I 
U

N
IV

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
4/

02
/2

1.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



in vitro activity of 4 commercially available quinolone
antibiotics against major ophthalmic clinical isolates from
the ocular surface bacterial flora of patients in a Japanese
tertiary hospital.

Methods

Participants

This study was conducted with the approval of the Ethics
Committee of Kindai University School of Medicine (approval
number: 28–190) and adhered to the tenets of the Declaration
of Helsinki. All the participants had been scheduled for oph-
thalmic surgery at Kindai University and had confirmed during
an interview that they did not use any prescription antimicrobial
and/or any over-the-counter disinfectant eye drops within the
past 6 months. Patients who were scheduled for ophthalmic
surgery between January 13, 2016 and February 24, 2018, and
who had given their consent for conjunctival sac culture before
the surgery were enrolled in this study. The participants com-
prised a total of 933 patients, including 784 patients who were
scheduled for cataract surgery, 73 for vitreous surgery, 30 for
corneal transplantation, 30 for conjunctival surgery, 11 for
eyelid surgery, 2 for glaucoma surgery, and 3 for other external
minor ocular surgeries.

Sample collection and species identification

A drop of sterile saline (Otsuka Normal Saline; Otsuka
Pharmaceutical Co., Ltd., Tokyo, Japan) was applied without
the application of anesthetic eye drops, and the lower part of
the conjunctival sac was gently scraped for several seconds
with a sterile swab (Seed Swab g2; Eiken Chemical Co., Ltd.,
Tokyo, Japan) and subsequently placed in a transport me-
dium. The medium, kept at *25�C, was submitted to the
microbiological laboratory at the Kindai University on the
same day. A single eye ocular surface sample was collected
from each patient. In cases involving surgery of both eyes
simultaneously, the conjunctival sac sample from the right
eye was regarded as the specimen for culture. The samples
were collected by 4 ophthalmologists at the Kindai Uni-
versity Hospital.

In the microbiological laboratory, VITEK 2 (bioMérieux
Japan Ltd., Tokyo, Japan) was used for the identification
of the genera Staphylococcus and Enterococcus and their
species by enrichment culture. Corynebacterium spp.
were identified on the basis of microscopic findings of
gram-stained colonies and a positive result for catalase.
Streptococcus spp. were identified on the basis of micro-
scopic findings of gram-stained colonies and hemolytic
response on the sheep blood agar plates.

Determination of minimum inhibitory concentration

The minimum inhibitory concentration (MIC) was de-
termined using a custom-made dry plate developed by Eiken
(Eiken Chemical Co., Ltd.). Four quinolones, commercially
available as eye drops in Japan, were selected for the dry
plate, which was placed in a 96-well dish with a concen-
tration gradient. The MIC was determined using a micro-
dilution assay in which a fixed concentration of bacterial
suspension was added to each well and turbidity was mac-
roscopically observed after 24 h. Among the isolates, MIC
was measured sequentially only for those strains that had an

adequate number of viable bacteria after the enrichment
culture. The MICs of the quinolones against the isolates
were compared using their cumulative percentages. The
concentrations of quinolones inhibiting 50% (MIC50), and
90% (MIC90) of the major bacteria were compared.

Methicillin resistance in Staphylococcus sp. was detected by
VITEK2. Specifically, the strain against which the MIC of
oxacillin was 4mg/mL or more and/or the MIC of cefoxitin was
8 mg/mL or more was determined to be methicillin-resistant
(MR). This examination was performed by a laboratory
technician, independently of the MIC measurement using
the dry plate.

Results

Isolated strains

A total of 374 strains of bacteria and fungi were isolated
from 368 of 933 eyes; the positive culture rate was 39.4%. One
hundred eighty-four strains of coagulase-negative Staphylo-
cocci (CNS), the most frequent isolate, accounted for 49.2% of
the total number of isolates; these included 72 strains of MR-
CNS, accounting for 19.3% of the total number of isolates.
One hundred seven strains of Corynebacterium accounted
for 28.6%, 33 strains of Staphylococcus aureus for 8.8%
(including 4 strains of methicillin-resistant Staphylococcus
aureus [MRSA], accounting for 1.1%), 18 strains of Strep-
tococcus for 4.8%, and 13 strains of Enterococcus for 3.5%
of the total number of isolates (Table 1).

Cumulative percentage of MICs and MIC50/MIC90

Coagulase-negative Staphylococci. MICs of all the qui-
nolones were determined for 112 methicillin-sensitive (MS)
strains among the 184 CNS strains. Tosufloxacin (TFLX) had
the lowest MIC value of 0.06mg/mL for 71 of 112 strains
(62.5%). Gatifloxacin (GFLX) and moxifloxacin (MFLX)

Table 1. Isolated Strains

Genus/species Number of isolates (strains)

CNS 184
MS-CNS 112
MR-CNS 72

Corynebacterium spp. 107
Staphylococcus aureus (SA) 33

MSSA 29
MRSA 4

Streptococcus spp. 18
a-Streptococcus 14
b-Streptococcus 3
g-Streptococcus 1

Enterococcus spp. 13
Enterococcus faecalis 5

Moraxella spp. 3
Escherichia coli 1
Bacillus cereus 1
Citrobacter koseri 1
Eikenella corrodens 1
Neisseria sp. 1
Candida sp. 1

MR-CNS, methicillin-resistant coagulase-negative Staphylococci;
MRSA, methicillin-resistant Staphylococcus aureus.
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had MICs of 1 - 4 mg/mL for most of the strains, whereas
levofloxacin (LVFX) had an MIC of 1 - 4 mg/mL for the
lowest number of MS-CNS strains (Fig. 1). MIC90 was
1 mg/mL for MFLX and GFLX, 16mg/mL for LVFX and
TFLX. MIC50 was 0.12 mg/mL for MFLX and GFLX,
0.5 mg/mL for LVFX, and 0.06 mg/mL for TFLX (Table 2).

Corynebacterium sp. MICs of all the quinolones were
determined for 87 of the 107 Corynebacterium strains:
TFLX, GFLX, and MFLX had low MICs (<1 mg/mL) for a
higher percentage of Corynebacterium strains as compared
with LVFX (Fig. 2). MIC90 was 16mg/mL for all the 4
quinolones. MIC50 was 2 mg/mL for MFLX, GFLX, and
TFLX, and 4mg/mL for LVFX (Table 2).

Staphylococcus aureus. MICs of all the quinolones
were determined for 24 of the 29 MS strains of S. aureus.
TFLX had the lowest (0.06 mg/mL) MIC value, for 19
strains (79.2%), whereas MFLX, GFLX, and LVFX had the
lowest MIC values for 9 (37.5%), 7 (29.2%), and 0 (0%)
strains, respectively (Fig. 3). MIC90 was 2 mg/mL for MFLX
and GFLX, 8 mg/mL for LVFX, and 4 mg/mL for TFLX.
MIC50 was 0.12 mg/mL for MFLX and GFLX, 0.5 mg/mL for
LVFX, and 0.06 mg/mL for TFLX (Table 2).

Streptococcus sp. MICs of all the 4 quinolones were
determined for 11 of the 18 Streptococcus strains. The qui-
nolone showing the lowest MIC value, of 0.06mg/mL in
most of the strains was TFLX, followed by MFLX, GFLX,
and LVFX in that order (Fig. 4). MIC90 was 0.5 mg/mL
for MFLX, 1 mg/mL for GFLX, 4 mg/mL for LVFX, and
0.25 mg/mL for TFLX. MIC50 was 0.25 mg/mL for MFLX
and GFLX, 2 mg/mL for LVFX, and 0.12mg/mL for TFLX
(Table 2).

Enterococcus sp. MICs of all the 4 quinolones were
measured for 10 of the 13 Enterococcus strains. TFLX
showed the lowest MIC of 0.06 mg/mL for 2 strains
(20.0%). Although MICs of MFLX, GFLX, and TFLX were

FIG. 1. Cumulative percentage of MICs against CNS.
TFLX shows the highest in vitro antimicrobial activity against
CNS. CNS, coagulase-negative Staphylococci; MIC, mini-
mum inhibitory concentration; TFLX, tosufloxacin.

Table 2. Minimum Inhibitory Concentrations

of 4 Quinolones Against Major Bacteria

Bacteria
Antibacterial

agent

MIC (mg/mL)

Range MIC50 MIC90

CNS LVFX 0.06 - 16 0.5 16
GFLX 0.06 - 16 0.12 1
MFLX 0.06 - 16 0.12 1
TFLX 0.06 - 16 0.06 16

Corynebacterium LVFX 0.06 - 16 4 16
GFLX 0.06 - 16 2 16
MFLX 0.06 - 16 2 16
TFLX 0.06 - 16 2 16

S. aureus LVFX 0.12 - 8 0.5 8
GFLX 0.06 - 4 0.12 2
MFLX 0.06 - 4 0.12 2
TFLX 0.06 - 16 0.06 4

Streptococcus LVFX 0.12 - 4 2 4
GFLX 0.06 - 1 0.25 1
MFLX 0.06 - 0.5 0.25 0.5
TFLX 0.06 - 0.25 0.12 0.25

E. faecalis LVFX 0.5 - 2 1 2
GFLX 0.12 - 0.5 0.5 0.5
MFLX 0.12 - 0.5 0.25 0.5
TFLX 0.06 - 0.5 0.25 0.5

GFLX, gatifloxacin; LVFX, levofloxacin; MFLX, moxifloxacin;
MIC, minimum inhibitory concentration; TFLX, tosufloxacin.

FIG. 2. Cumulative percentage of MICs against
Corynebacterium. TFLX, MFLX, and GFLX show the highest
in vitro antimicrobial activity against Corynebacterium.
GFLX, gatifloxacin; MFLX, moxifloxacin.

FIG. 3. Cumulative percentage of MICs against
Staphylococcus aureus. TFLX shows the highest in vitro
antimicrobial activity against Staphylococcus aureus. No
strain shows the lowest MIC values (0.06 mg/mL) in LVFX.
LVFX, levofloxacin.
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<0.5 mg/mL for all the strains, it was 1mg/mL only for LVFX
in 2 strains (Fig. 5). MIC90 was 0.5mg/mL for MFLX, GFLX,
and TFLX and 2mg/mL in LVFX. MIC50 was 0.25mg/mL for
MFLX and TFLX, 0.5mg/mL for GVFX, and 2mg/mL for
LVFX (Table 2).

Discussion

In present-day Japan, the optimal initiation period of a pre-
operative antimicrobial eye drop prescription for prophylaxis of
endophthalmitis is considered to be 3 days before the surgery,
and the eye drops recommended for this purpose are quinolone
eye drops, especially LVFX ophthalmic solution.12 However, in
this study, for majority of the bacteria in the ocular surface
bacterial flora, the MIC values of LVFX were higher than those
of the other quinolones. Although commercially available qui-
nolone eye drops have high concentrations that might overcome
the mutant prevention concentration for most bacteria, as dem-
onstrated by pharmacokinetics and pharmacodynamics model-
ing,13 endophthalmitis caused by quinolone-resistant bacteria is
a persistent complication.14,15 Hence, the selection of preoper-
ative eye drops needs to be carefully reconsidered.

Alteration of drugs in the CPWs adopted in tertiary hos-
pitals is a complicated process because it involves a number
of clerical processes that take into account the influences of
various departments in the hospital, including co-medicals.

Eventually, a particular quinolone eye drop is prescribed
without verification of the susceptibility of the targeted
bacteria to the quinolone component in a clinical setting,
which results in the large amount and long-term prescrip-
tion of the same quinolone eye drop to many patients
during the perioperative stage. This is evidenced by the
high isolation rates of quinolone-resistant bacteria from the
ocular surface of the patients. CPWs are systematic ways
to organize and display detailed evidence-based treatment
options, and assist doctors and nurses with the best prac-
tical option.16 Ophthalmologists should carefully select
preoperative antibiotic eye drops based on scientific evi-
dence and should discontinue the practice of prescribing
any given quinolone eye drop for long periods. The results
of this study present strong evidence for the need for
change in preoperative eye drops in CPWs in consultation
with various departments in tertiary hospitals.

The cumulative percentages of MICs suggest that the
majority of the bacteria in the ocular surface are possibly
susceptible to TFLX. TFLX is a fluoroquinolone that was
developed in 1990, and its ophthalmic solution was released
in 2006 in Japan. Prescription of antibiotics causes selective
pressure, which results in both the selection for drug-
resistant bacteria in the tissue and high isolation rates of
drug-resistant bacteria. TFLX has the lowest MIC against a
majority of the bacteria in the ocular surface, which could be
because of its low rate of prescription and narrow range of
availability. During the preoperative period, it is desirable to
administer eye drops that have the lowest MIC value against
the isolates from the ocular surface bacterial flora, and that
have the lowest permeability into the anterior chamber.17

This is because the purpose of disinfection before the sur-
gery is to reduce the number of the viable bacteria on the
ocular surface, but not in the anterior chamber. It is also
desirable to switch preoperative eye drops in the postop-
erative stage to MFLX, which has a good permeability into
the anterior chamber.17 MR strains have been reported to
be highly resistant to many drugs, including quinolones,
in the United States,18 Europe,19 and Japan.20 MR bacteria
are easily selected in the tissue after the administration of
antibiotics to which they are nonsusceptible. The selective
pressure of quinolone eye drops allows the relative in-
crease in the number of MR bacteria on the ocular surface,
which may result in endophthalmitis. Hence, CPWs that limit
the use of antimicrobial eye drop to the specific quinolone
during perioperative stage should be reviewed.

MIC90 and MIC50 of quinolones against S. aureus,
Streptococcus, and Enterococcus, which are more virulent
than CNS and Corynebacterium, suggest the reduced sus-
ceptibility to LVFX and the highest susceptibility to TFLX.
Although CNS, with the major species being S. epidermidis,
are also often reported as causative bacteria in postoperative
endophthalmitis, the fact that they are ubiquitous commen-
sals on the ocular surface makes the microbiological diag-
nosis of a true CNS intraocular infection difficult, as the
detection of CNS in ophthalmic samples is often due to
contamination rather than due to a true infection. However,
S. aureus, which is more virulent than CNS, should be
considered pathogenic when it is isolated from the infec-
tious site. TFLX has been reported to have high activity
against S. aureus, and this is probably because TFLX con-
tained at the N-1 position the 2,4-difluorophenyl group, which
is absent in other quinolones.21

FIG. 4. Cumulative percentage of MICs against
Streptococcus. TFLX shows the highest in vitro antimicro-
bial activity against Streptococcus.

FIG. 5. Cumulative percentage of MICs against
Enterococcus. TFLX shows the highest in vitro antimicrobial
activity against Enterococcus. Although the MIC of TFLX
was 0.06mg/mL in 2 of 10 (20%) strains, no growth inhibi-
tion by other quinolone at the concentration was observed.
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Corynebacterium, which has been regarded as non-
virulent and, therefore, unlikely to be the causative bacte-
rium, has recently been reported to cause postoperative
endophthalmitis.22 However, because of its high lipophilic
character, Corynebacterium is not the first bacterium to be
targeted as a causative agent of endophthalmitis. Given the
fact that the MIC90 values of all quinolones were high in this
study and based on the reported high-level quinolone re-
sistance of Corynebacterium from ophthalmic samples,23 it
is inferred that Corynebacterium awareness for the selection
of preoperative quinolone is not necessary. It is crucial to
target S. aureus, Streptococcus, and Enterococcus faecalis
in preoperative disinfection of the ocular surface because
Streptococcus and E. faecalis cause disastrous visual out-
comes when they infect the eye24–26 owing to the presence
of pathogenic factors27,28 or quinolone resistance,29 and
selection of TFLX for preoperative disinfection of the ocular
surface is reasonable.

There are several limitations to this study. The relatively
lower positive culture rate could be attributed to subtle
differences in sample collection techniques among exam-
iners and to the lack of anaerobic culture. The relatively
higher isolation rate of S. aureus in this study12,30 could be
related to the absence of Cutibacterium acnes. Furthermore,
most of the participants in this study underwent short-term
stay inpatient surgery. Thus, the higher isolation rates of
S. aureus could be attributed to nosocomial infections. Gi-
ven that hospital-acquired MRSA exhibits high-level resis-
tance to multiple antimicrobials,31 the relatively higher
positive culture rate of S. aureus in this study could indicate
a high prevalence of multidrug resistant Staphylococcus
strains and a deterioration of the cumulative percentage of
MIC values against Staphylococcus for all the quinolones.

In this study, only MIC value has been discussed and does
not include the results of susceptibility assays. This is be-
cause the break point of TFLX is not determined. However,
given the criteria for determining the susceptibility to other
quinolones in the E-test, the break points do not differ sig-
nificantly among quinolones. This suggests that the sus-
ceptibility of the major bacteria from ocular surface to
TFLX is higher than that to other quinolones. Nevertheless,
it should be noted that MIC values do not always directly
correlate with clinical efficacy. It is necessary to estimate
the susceptibility rate to TFLX for further comparison after
the break point is determined. However, the concentration of
quinolone eye drop products varies depending on the drug.
Therefore, MIC results are not always related to the effec-
tiveness of eye drop products. Notably, eye drop products
with high concentration can inhibit the growth of strains
with high MIC values.

Despite the aforementioned limitations, the results of this
study show that ophthalmologists should select quinolone
eye drops for perioperative prophylactic use according to the
MIC value of bacteria in the ocular surface bacterial flora.
TFLX is a drug of choice because it has the lowest MIC
values against majority of the ophthalmic clinical isolates
from the ocular surface bacterial flora.
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