110 M. YAMADA ET AL.

TABLE 1. Total Number of 266 Ocular Clinical Isolates
Bacteria No. of isolates
All isolates 266 (100%)

Gram-positive species 258 (97.0%)
a-Hemolytic streptococci 43
Staphylococcus aureus 56

Methicillin-sensitive S. aureus 48
Methicillin-resistant S. aureus 8
Staphylococcus epidermidis 140
Methicillin-sensitive S. epidermidis 59
Methicillin-resistant S. epidermidis 81
Enterococcus faecalis 14
Others 5

Gram-negative species 8 (3.0%})
Pseudomonas species 6
Others 2
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FIG. 1. The accumulation curves of the minimum inhibitory con-

centration (MIC) of the four fluoroquinolones against a-hemolytic

streptococci (n = 43). Circle, moxifloxacin; triangle, tosufloxacin;

diamond, gatifloxacin; square, levofloxacin.

for intraocular surgery at National Tokyo Medical Center from
December 2004 to November 2005. The principles of the World
Medical Association Declaration of Helsinki were followed. Each
subject received a thorough explanation of the purpose of the study
and all procedures involved in the study and provided written
informed consent before enroliment. Approval for this investiga-
tion was granted by the Comumittee for the Protection of Human
Subjects of National Tokyo Medical Center.

Scrapes of the inferior conjunctival fornix were taken preoper-
atively by using a sterile cotton swab without a topical anesthetic.
The samples were immediately inoculated into the heart infusion
bouillon, incubated for 24 hours at 37°C, and then inoculated into
blood agar and MacConkey agar before incubating again for 24
hours at 37°C. Positive cultures were stored at —80°C until broth

dilution testing to determine the minimum inhibitory concentration
(MIC).

For the broth dilution testing, frozen microdilution MIC plates
with gatifloxacin, levofloxacin, tosufloxacin, and moxifloxacin
were prepared according to the recommendations in the Clinical
and Laboratory Standards Institute’s Performance Standards for
Antimicrobial Susceptibility Testing.!! In this method, the concen-
tration of antibiotic remains constant in each well, so organisms
are exposed to identical concentrations for the duration of the test.
Fluoroguinolone concentration ranged from 0.025 to 100 ug/mL.

The MIC of oxacillin (MPIPC) was also determined by the same
method for Staphylococcus aureus and Staphylococcus epidermi-
dis. When the MIC was greater than 4 pg/mL for S. aureus and 0.5
ung/mL for S. epidermidis, the strain was classified as methicillin-
resistant S. aureus (MRSA) or methicillin-resistant S. epidermidis
(MRSE)."!

RESULTS

Bacterial Isolates From Conjunctival Flora

Table 1 shows the type and frequency of the 266 ocular clinical
isolates. Of the total 266 isolates, 258 (97.0%) strains were
gram-positive and eight (3.0%) strains were gram-negative. S.
epidermidis was the most common form of gram-positive bacteria
with 140 strains, followed by 56 strains of S. aureus, 43 strains of
a-hemolytic streptococci, and 14 strains of Enterococcus faecalis.
Six of the eight strains of gram-negative bacteria were Pseudomo-
nas species.

Antibacterial Activity of Fluoroquinolones

Figure 1 shows the MIC accumulation curves for the four study
agents against a-hemolytic streptococci. The MIC,, values of
gatifloxacin, levofloxacin, tosufloxacin, and moxifloxacin were
0.39 pg/mL, 1.56 ug/mL, 0:39 ug/mL, and 0.20 pg/mL, respec-
tively (Table 2). All strains of a-hemolytic streptococci were
susceptible to all four study agents.

Figure 2 shows the MIC accumulation curves for *he four study
agents against S. aureus. Fifty-six isolates of S. aureus contained
eight MRSA strains. The MIC,, values of gatifloxacin, levofloxa-
cin, tosufloxacin, and moxifloxacin were 1.56 ug/mL, 3.13 ngl
mL, 0.78 pg/mL, and 0.78 pg/mL, respectively (Table 2). Almost
all S. aureus strains susceptible to MPIPC were also susceptible to
all four study agents, whereas MRSA strains were resistant to all
four fluoroquinolones in general.

Figure 3 shows the MIC accumulation curves for the four study
agents against S. epidermidis. One hundred forty isolates of .
epidermidis contained 81 MRSE strains. The accumulation curves
of the MICs of all four fluoroquinolones were not linear but

TABLE 2. The Minimum Inhibitory Concentration of Four Fluoroguinolones Against Bacterial Isolates

MICgq, ng/mL (range of MIC)

Bacteria Gatifloxacin Levofloxacin Tosufloxacin Moxifloxacin
a-Hemolytic streptococci (n = 43) 0.39 (0.1-1.56) 1.56 (0.39-6.25) 0.39 (0.05-0.78) 0.20 (0.05-0.78) -
Staphylococcus aureus (n = 56) 1.56 (0.05-50) 3.13 (0.1~>100) 0.78 {=0.025-25) 0.78 (=0.025-50)
Staphylococcus epidermidis (n = 140) 1.56 (0.05-12.5) 3.13 (0.1-25) 3.13 (=0.025-12.5) 0.78 (=0.025-12.5)
Enterococcus faecalis (n = 14)° 0.39 (0.39-25) 1.56 (0.78-25) 0.2 (0.2-12.5) 0.2(0.2-12.5)

" Pseudomonas species (n = 6)° 0.78 (0.39-1.56) 0.78 (0.39-1.56) 0.2 (0.2-0.39) 1.56 (0.78-3.13)

®For Enterococcus faecalis and Pseudomonas species, the medians of the minimum inhibitory concentration (MIC) are listed because of

insufficient sample numbers.
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FIG. 2. The accumulation curves of the minimum inhibitory con-

centration (MIC) of the four fluoroquinolones against Staphylococ-

cus aureus (n = 56). Triangle, tosufloxacin; circle, moxifloxacin;
diamond, gatifloxacin; square, levofloxacin.

sigmoid and suggested the presence of drug-resistant strains. The
MIC,, values of gatifloxacin, levofloxacin, tosufloxacin, and
moxifloxacin were 1.56 ug/mL, 3.13 pg/mL, 3.13 pg/ml, and
0.78 pg/mL, respectively (Table 2).

The MICs of fluoroquinolones and MPIPC were compared
against 8. aureus and S. epidermidis. The MIC of each fluoroquin-
olone was closely correlated with that of MPIPC for S. aureus,
suggesting that MRSA was resistant to each fluoroquinolone. In
contrast, there was no correlation between the MICs of MPIPC and
the fluoroquinolones against S. epidermidis (Table 3).

DISCUSSION

One possible limitation of the current study is that samples
originated from conjunctival cultures obtained from patients
scheduled for intraocular surgery. Samples therefore should be
regarded as conjunctival flora rather than ocular pathogens, be-
cause the patients did not have bacterial diseases at the time of
sampling. However, in common ocular infections, such as bacterial
conjunctivitis and bacterial keratitis, pathogens are frequently the
normal bacterial flora residing on the ocular surface,'>!? even in
cases of postoperative endophthalmitis, which is an infrequent but
devastating form of ocular infection.'® In one study, organisms
isolated from the vitreous were genetically identical to those
collected from the ocular surface in 68% to 82% of patients with
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FIG. 3. The accumulation curves of the minimum inhibitory con-
centration (MIC) of the four fluoroquinolones against Staphylococ-
cus epidermidis {n = 140). Triangle, tosufloxacin; circle, moxifioxa-
cin; diamond, gatifloxacin; square, levofloxacin.

TABLE 3. Correlation Between the Minimum Inhibitory
Concentration of Four Fluoroquinolones and Oxacillin Against
Staphylococcus aureus and Staphylococcus epidermidis

Correlation Coefficient (P value)

versus
oxacillin

Gatifloxacin Levofloxacin Tosufloxacin  Moxifloxacin

Staphylococcus 0.85° 0.88° 0.85° 0.84°
aureus (n = 56)

Staphylococcus 0.37 0.11 0.34 0.33
epidermidis
{n = 140)

2P<0.0001.

postoperative endopthalmitis,'S suggesting it is a valid approach to
study in vitro susceptibility of bacteria isolated from conjunctival
flora to various fluoroguinolones.

A serious concern is a drug resistance. In the current study,
fluoroquinolones and MPIPC were compared with respect to their
MICs against S. aureus and S. epidermidis. In §. aureus, the MICs
of each fluoroquinolone were closely related to those of MPIPC,
suggesting that MRSA was also insusceptible to most fluoroquino-
lones. Therefore, when ocular pathogens are identified as MRSA,
the use of fluoroquinolones, even gatifloxacin and moxifloxacin,
are not recommended for treatment. In contrast, there was no
relationship between the MICs of MPIPC and the fluoroquinolones
for S. epidermidis. These results indicate that some strains of S.
epidermidis are not susceptible to fluoroquinolones, regardless of
their susceptibility to MPIPC. Differences between S. aureus and
S. epidermidis may be of interest when studying drug resistance
mechanisms.

This study also found that some strains of S. epidermidis were

highly resistant to levofloxacin and tosufloxacin, but not to moxi-
floxacin and gatifloxacin. These strains were considered to be
low-level fluoroquinolone-resistant bacterial isolates. These data
may favor the selection of moxifloxacin and gatifloxacin, rather
than levofloxacin or tosufloxacin, for prophylactic use or the
treatment of ocular infections.
" In this study, newer fluoroquinclones showed more potent
antibacterial activity than levofioxacin, the fluoroguinolone most
commonly used in Japan. The current results support the conten-
tion that the fourth-generation fluoroquinolones have enhanced
activity against gram-positive bacteria while retaining potency
against most gram-negative bacteria. These newer fluoroquinolo-
nes have also improved penetration into the ocular tissue.’? In-
creased in vivo efficacy of these newer fluoroquinolones in some
animal models of ocular infections have also been reported.'s
Some caution, however, should be exercised when interpreting the
data presented. The success or failure of a given therapy is not
necessarily predicted by MICg, values, because the MIC,, deter-
mined through in vitro assays may not directly correlate with
clinical results. The actual efficacy of these newer fluoroguinolo-
nes remains to be defined by clinical outcomes. The data of the
current study may be used to predict relative in vivo potency
among the fluoroquinolones.
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Antimicrobial Susceptibility Analysis of Staphylococcus Found in the Conjunctival Sacs
Using Two-way Nonparametric Density Contours for Scatterplots
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Susceptibilties of bacterial species have been determined using the disc diffusion method or minimum inhibito-
- ry concentrations (MIC). We demonstrated a new three-dimensional analysis ol suscepribilities using the MIC of
oxaciltin (MPIPC) and fluoroquinolones (gatifloxacin : GFLX. levofloxacin : LVFX, tosufloxacin : TFLX. moxifloxa-
cin : MFLX). We retrospectively reviewed the databasc on 56 isolates of Staphylococcus aurcus and 140 isolates of
Staphylococcus epidermidis found in the conjunctival sacs of patients at National Tokyo Medical Center. Scattet-
plots were made comparing the MIC of MPIPC (Y-axis) to the MIC of fluoroquinolones (X-axis), and were then
represented by (wo=way nonparametric density contours. The scatterplots comparing each fluoroquinolone were
also represented. On Stuphylococcus aureus, scatterplots revealed cross-resistance between MPIPC and each
fluoroquinolone. On Staphylococcus epidermidis, isolates distributed into 5 groups, and cross-resistance was not
obvious between MPIPC and fluoroquinolones. On both Stapiylococcus aureus and Staphylococcus epidermidis,
cross-resistance was confirmed between each fluoroquinolone. This method can be used to analyze three-dimen-
sional susceptibility distribution or cross-resistance.
(Atarashii Ganka (Journal of the Eye) 24(5) © 663~667, 2007)
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