Candida albicans keratitis modified by steroid application

Figure 2 One day after ceasing steroid administration, the corneal endothelial plaque was enlarged and a stromal fluffy abscess with hypopyon formed.
Note: Box shows yeast surrounded by many neutrophils and few macrophages, detected by smear of retrocorneal plaque. Bar: 20 im. .

of endophthalmitis as has been reported.”* However, we
speculate the organism invaded from ocular surface because
of the below five reasons. 1) the corneal epithelium was
eroded at the patient’s first GP visit (Pers comm.); 2) aque-
ous fluid and fibrous tissue in the anterior chamber included
no organism; 3) the yeast was surrounded by neutrophils as
if leucocytes were preventing the organism spreading into
the anterior chamber; 4) the corneal endothelium at the site
of the pterygium scar is usually steady-state and may not be
the special target of yeast; 5) secession of steroid encouraged
mycotic keratitis to progress in the cornea rather than in the
intracameral region. For these reasons, we speculate that
the pathogenic organism entered through the ocular surface
invade immediately through the thinning corneal region at
the pterygium scar to reach the endothelium. The inflam-
mation may have been masked by steroid administration
and temporary healing of epithelial erosion. Several reports
of postoperative infectious keratitis related to a corneal
incision such as radial keratotomy,*7 have shown how

the characteristics of mycotic keratitis are modified in the
thinning region. Aspergilus keratitis and Candida keratitis
after radial keratotomy displayed a similar clinical appear-
ance to our case,™ that is, mycotic focus localized in the
deep stromal region accompanied by endothelial plaque with
no stromal infiltration, no stromal edema and no epithelial
defect as if the organism was derived intracamerally. Thus
steroid therapy in the postoperative condition modify the
clinical appearance of infectious keratitis. We should pay
special attention to prescribing steroid administration for
corneal diseases especially in the postoperative condition.

Disclosure
The authors report no conflicts of interest in this work.
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Changes in drug susceptibility and the quinolone-
resistance determining region of Staphylococcus
epidermidis after administration
of fluoroquinolones

Masaru Miyanaga, MD, Ryohei Nejima, MD, Takashi Miyai, MD, Kazunori Miyata, MD, PhD,
Yuichi Ohashi, MD, PhD, Yoshitsugu Inoue, MD, PhD, Masahiro Toyokawa, PhD, Seishi Asari, PhD

PURPOSE: To evaluate the correlation between changes in the susceptibility of bacteria and muta-
tions in the quinolone-resistance determining region (QRDR) after 3 weeks of continuous fluoroqui-
nolone instillation.

SETTING: Miyata Eye Hospital, Miyazaki, Japan.

METHODS: In this prospective randomized study, gatifloxacin 0.3% eyedrops or levofloxacin 0.5%
eyedrops were administered for 1 week before cataract surgery and for 2 weeks after surgery. Sam-
ples were collected from the conjunctival sac before instillation of the antibiotic agent and 14 days
after surgery. Susceptibility to the fluoroquinolones and gene mutations in the QRDR of the isolated
Staphylococcus epidermidis were analyzed.

RESULTS: The detection rate of S epidermidis was 27% in the gatifloxacin group (n=79 eyes) and
21% in the levofloxacin group (n=73 eyes) before instillation of the antibiotic and 6% and 19%,
respectively, 14 days postoperatively. The susceptibility rates of S epidermidis strains to levoflox-
acin were statistically significantly lower after instillation than before antibiotic instillation, and the
number of gene mutations in the QRDR was statistically significantly higher after instillation. There
was no difference in the gatifloxacin group between before and after antibjotic instillation. In the 9
gyes in which S epidermidis was detected in samples taken before and after antibiotic instillation,
most strains were genetically different from each other between the 2 time points.

CONCLUSIONS: Three-week continuous instillation of levofloxacin affected the indigenous bacterial
flora in the conjunctival sac, suggesting possible induction of microbial substitution to fluoroguino-
lone-resistant S epidermidis. However, there was no change with gatifloxacin.

J Cataract Refract Surg 2009; 35:1970-1978 © 2009 ASCRS and ESCRS

The causative organisms of endophthalmitis after cat- the outcome can be severe and can include loss of

aract surgery are coagulase-negative staphylococci in-
cluding methicillin-resistant Staphylococcus epidermidis
(MRSE), Staphylococcus aureus including methicillin-
resistant S aureus (MRSA), and Enterococcus species,
all of which are fre%uen’dy detected in the conjunctival
sac after surgery.”? This suggests that infectious
endophthalmitis after surgery is caused by aberrant
migration of resident bacteria on the ocular surface
into the anterior chamber. Resident bacteria in the con-
junctival sac usually prevent invasion and settlement
of pathogenic bacteria. However, these bacteria may
be a cause of endophthalmitis after intraocular sur-
gery. Once postoperative endophthalmitis develops,

1970 © 2009 ASCRS and ESCRS
Published by Elsevier inc.

sight.” Staphylococcus epidermidis is often detected in
cases of endophthalmitis.’® Half the S epidermidis
strains isolated from the conjunctival sac develop bio-
film formation,” which can cause postoperative
endophthalmitis by adhering to the intraocular lens
during surgery.

In Japan, fluoroquinolone agents are routinely used
to prevent infectious endophthalmitis in the perioper-
ative period. These agents have a potent antibacterial
activity and broad antibacterial spectrum with high
levels of tissue distribution and safety. Although the
most recent studies report that administering eye-
drops for 3 days before surgery significantly reduces

0886-3350/09/$—see front matter
doi:10.1016/j.jcrs.2009.05.049
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Table 1. Primers used in the study.

Target Gene Primer Sequence (5 to 3') Position* Product Size (bp)

gyrA : ATGCGTGAATCATTCTITAGACTATGC 2 609 699-2 609 724 284
GAGCCAAAGTTACCTTGACC 2 609 441-2 609 460

gyrB CAGCATTAGACGTTTCAAGC 2 610 508-2 610 528 251
CCAATACCCGTACCAAATGC 2 610 278-2 610 297

parC TCGCAATGTATTCAAGTGGG 939 185-939 204 197
ATCGTTATCGATACTACCATT 939 361-939 381

parE AAGCTCAACAAGCACGCGAGGCTIG 938 196-938 219 325
TTAAAGTCAGTACCAACACCAGCACCAA 938 493-938 520

ecA TAGAAATGACTGAACGTCCG R 2 576 834-2 576 853 ' 154
TTGCGATCAATGTTACCGTAG 2 576 967-2 576 987

bp=base pair

*Nucleotide positions are indicated according to GenBank sequence number NC 002976 (S epidermidis RP62A)

bacteria in the conjunctival sac compared with admin-
istration for 1 day or 1 hour before surgery,® there is no
established instillation protocol during the periopera-
tive and postoperative period. Thus, the instillation
is usually performed based on the empirical practice
of each surgeon.

Emergence of resistant bacteria from long-term use
of antibacterial agents is a serious problem.”™ De-
creases in drug susceptibility and the emergence of
or increase in resistant bacteria have been reported
since the release of ofloxacin eyedrops in 1987.1% In
particular, the levofloxacin-resistance rate of coagu-
lase-negative staphylococci (including S epidermidis),
the most common strain in the conjunctival sac, is re-
ported to be 38.7%.'% In addition, Yamada et al.'®
found that 50% of S epidermidis strains detected in
the conjunctival sacs of patients scheduled for cataract
surgery had mutations in any 1 of the gyrA, gyrB, parC,
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and parE genes in the quinolone-resistance determin-
ing region (QRDR) that is responsible for fluoroquino-
lone resistance. Iihara et al.'* found that 62.5% of
MRSA strains had 4 to 5 gene mutations of QRDR,
suggesting increasing resistance to fluoroquinolones.
To our knowledge, however, there are no reliable
data on the appropriate administration period of anti-
bacterial eyedrops and few reports of the effects of
long-term use of the eyedrops on bacterial flora in
the conjunctival sac.

In this study, we evaluated bacterial flora in the con-
junctival sac before instillation of an antibiotic agent
and after 3 weeks of continuous instillation of gatiflox-
acin and levofloxacin eyedrops in patients scheduled
for cataract surgery. We also analyzed the susceptibil-
ity of the isolated S epidermidis to the fluoroquinolones
as well as gene mutations in the QRDR.

PATIENTS AND METHODS

This prospective clinical study comprised patients who had
cataract surgery at Miyata Eye Hospital between November
2004 and June 2005. The study followed the tenets of the Dec-
laration of Helsinki. All patients provided informed consent
after receiving a full explanation of the nature and possible
consequences of the study. Institutional review board ap-
proval was obtained.

The patients were randomized into 2 groups. One group
received topical gatifloxacin 0.3% eyedrops and the other
group, levofloxacin 0.5% eyedrops. In both groups, the eye-
drops were administered 4 times a day for 1 week before sur-
gery and 3 times a day for 2 weeks after surgery.

Bacterial Isolation and Susceptihility Testing

After topical anesthesia was achieved, the inferior con-
junctival fornix was scraped with a sterile cotton swab.
Samples were examined before instillation of the antibiotic
agent (within 2 months before surgery) and after 3 weeks of
continuous instillation (ie, 7 days before surgery and 14
days after surgery) by direct isolation and enrichment cul-
ture. Staphylococcus epidermidis was grown in trypticase
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Table 2. Bacteria detected from the conjunctival sac of the lower eyélid before and after antibiotic instillation. :
_ Number of Strains
Gat'iﬂoxaci_ri Group {(n=79)  Levofloxacin Group n=73)
Before . After 3-Week ' Before - After 3-Week
Instillation - Instillation Instillation Instillation

Bacteria - . Direct Enrichment Direct Enrichment Direct Enrichment Direct Brrichment
Detected Culture Culture ~ Culture Culture Culture Culture = . Culture Culture
Staphylococcus 6 4 0 0 5 2 ; 0 ' 0
aureus :
Staphylococcus 17 4 1 4 11 4 1 14
epidermidis v o , ‘ ‘ '
Corynebacterium 21 0 3 0 20 ’ 1 IR R 0
species :
Propionibacterium =~ 6 0 8 4 9 1 5 0
acnies B o . e
Other gram- 5 0 1 2 4 1 0 2
positive bacteria ‘ :
Other gram- 7 1 2 4 2 2 3 0
negative bacteria :

soy broth (TSB) for 24 hours from stocks stored on Micro-
bank cryobeads (Pro-Lab Diagnostics). The bacterial sus-
pensions in TSB were inoculated on blood agar medium
and cultured for 24 hours.

The minimum inhibitory concentrations (MICs) for gati-
floxacin, levofloxacin/ ofloxacin, moxifloxacin, norfloxacin,

tobramycin, gentamicin, erythromycin, chloramphenicol,
and oxacillin were assessed with the broth dilution method
following Clinical and Laboratory Standards Institute guide-
lines.™*® The MICs were determined after 16 to 20 hours of
incubation at 35 °C except for oxacillin (with sodium chloride
2% for 24 hours at 35 °C). Drug concentrations ranged from

Table 3. Correlation between susceptibility of fluoroquinolones and amino acid substitution in § epidermidis strains isclated before and after

parC parE

Group/ Mutation Type - Isolates, n* 84 Ser[TCI‘] 88 Glu[GAA] 80 Ser[’ICT 1 84 Asp[GAT] 397 ASp[GAT]

- Phe[TTT] — —
Lys[AAA] Tyr[TAT] — -

— Tyr[TAT] — —_

— Tyr[TAT] - -

- Phe[TTT] - -

- Te[ATT] — : s

— ¢ "7 PhelTTT] — ’ e

- Phe[TTT] ‘ — —_

—_ Phe[TTT] — S

— Phe[TTT] Ala[GCT] Tyr[TAT]

— Phe[TTT} Tyr[TAT] —

— Phe[TTT] Val[GTT] —_
Lys[AAA] Phe[TTT] Ala[GCT] Tyr[TAT]
Lys[AAA] Phe[TTT] Tyz[TAT] —

Ala=alanine; Arg= Arginine; Asn=asparagine; Asp=aspartic acid; GFLX= gaﬁﬂoxaciﬁ; Glu=glutamic acid; His=histidine; le=iso- -
leucine; LVEX =levofloxacin; Lys=1lysine; MFLX = moxifloxacin; MIC=minimum inhibitory concentration; NFLX=norfloxacin; OFLX=

antibiotic instillation.
gyrA
Wild-type 18 (15) —
I/a 3@ L
1/b 3 0) —
II/c 1) Phe[TTI‘]
m/d 2°(1) U
Ii/e 9-(6) Phe[TTT]
my/f 4..(2) Tyr[TAT]
/g 2 (0) Phe[TTT]
/h 21 Phe[TTT]
/i 1) - Phe[TTT]
IV/j 1@ Tyx{TAT]
IV/k 2@ Tyr[TAT]
w/ 10 Phe[TTT]
IV/m 30 ‘Tyx[TAT]
IV/n 1-(1) Phe[TTT]
IV/o 1 @) Tle[ATT]
V/p 10 Tyr{TAT]
V/q ~ 1) Phe[TTT]
ofloxacin; Phe=phenylalanine; Ser=serine; Tyr=tyrosine; Val=valine -
*Numbers in parentheses are represent number of strains before antibiotic

instillation
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0.06 pg/mL to 64 ng/mL in twofold increments except for
notfloxacin (2 to 16 pg/mL). After the MICs were deter-
mined, each well was mixed sufficiently and assessed for
minimum bactericidal concentration testing. Next, 1.5 uL. of
bacterial suspension was inoculated on Muller-Hinton agar
plates. Bacterial viability was determined based on the abil-
ity to form colonies on the agar plates after incubation for 24
hours at 35°C.

DNA Amplification and Sequencing of Quinolone-
Resistance Determining Region

Genomic DNA was extracted using the Wizard SV 96
genomic DNA purification system (Promega KK). In the
process, 1 pL of the genomic DNA solution was applied
in 20 pl of amplification mixture (5 pM each primer,
1.6 pL. ANTP mixture, 2 pL. Ex Taq buffer, 0.1 pL LA
Taq) (Takara Bio, Inc.). Polymerase chain reaction amplifi-
cation was performed with the primers shown in Table 1.
Each reaction was amplified with the following tempera-
ture profiles: 30 cycles at 94°C for 30 seconds, 55°C for
30 seconds, and 72°C for 1 minute. The amplified DNA
products were separated and identified by agarose gel
2% electrophoresis.

Polymerase chain reaction-amplified DNA was purified
and sequenced by the dye terminator method in the forward
direction and reverse direction. The quality score of each
base was calculated using Phred/Phrap/Polyphred soft-
ware {CodonCode Corp.). Sample sequences were compared
with a reference sequence, and mutations were detected. The
strain S epidermidis ATCC 35984 (RP62A) was used as
a reference.

Detection of mecA Gene

A positive result was indicated by the presence of a 154
base pair amplified DNA fragment, which was revealed by
electrophoresis on agarose gel 2%.

Statistical Analysis

The McNemar test was used to compare detection rates of
bacteria before instillation of the antibiotic agent and after in-
stillation in the 2 groups of patients. The sign test was used to
detect the rates of 5 epidermidis. The Wilcoxon rank-sum test
was used to compare QRDR mutation sites, MIC values for
each agent, the number of QRDR mutations, and susceptibil-
ity rates.

RESULTS

The study comprised 152 eyes of 92 patients. The gati-
floxacin group comprised 79 eyes and the levofloxacin
group, 73 eyes.

Detection Rates of Bacteria

Table 2 shows the strains of bacteria detected from
the conjunctival sac of the lower eyelid before instil-
lation and after 3 weeks of continuous instillation.
Before instillation, 71 strains were detected in the gati-
floxacin group and 62 strains in the levofloxacin
group. After 3 weeks of instillation, 29 strains and 28
strains, respectively, were detected. Bacteria were

Table 3. (Cont.)
parE ) Antibiotic Agent (MIC range [mg/mL])
404 Asn[AAT] 406 Arg[CGT] 434 Asp[GAT] 473 Glu[GAA] GFLX LVEX OFLX MFLX NFLX
— — — — <0.06-0.125 0.125-025 0.25-0.50 <0.06-0.125 <2
" Ser[AGT] — . — — <0.06-0.125 0.125 0.25 <0.06 <2
— — — — 0.125 0.5 1 0.125 4-8
— — — — 2 4 8 1 >16
— o — — 1-2 2-4 4-8 0.5-1 8
- — — — 1-2 2-8 4-32 05-4 8->16
— — — — 1-2 4 8 1 8-16
— — — — 1-2 4 8 1 16->16
—_ — — — 2 8 16 - 2 >16"
— His[CAT] — — 4 8 32 4 >16
— — —_ Lys[AAA] 2 4 16 1 >16
—_ — Asn[AAT] — 2 8 16 2 >16
— — Val[GTT] — 2 8 16 2 >16
— — - — 2 8 16 2 >16
— — — — 2 8 16 2 >16
Ser[AGT] - — — 8 32 64 8 >16
— L — — — 16 64 >64 8 >16
— — — — 64 >64 >64 32 >16
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after antibiotic instillation.

Table 4. Changes in fluoroquinolone susceptibility rates and the number of QRDR gene mutations in S epidermidis strains isolated before and

Rates of Fluoroquinolone Susceptibility (%) (MIC Range [pg/mL])

Group/Time Strains Detected (n) - GFLX

LVEX OFLX MFLX NFLX

Levofloxacin (n=73)

Before instillation 15 60.0 (<£0.06-2)
After instillation* 15
Gatifloxacin (n="79)
Before instillation 21
After instillation* -5 60.0 (<0.06-2)

60.0 (0.125-8)
13.3 (£0.06-16) 133 (0.125-64)

476 (<0.06-64) 47.6 (0.125->64) 47.6 (0.25->64) 571 (<0.06-32) 47.6 (<2->16)
- 60.0 (0.125-8)

60.0 (0.25-16) 733 (<0.06-2)
13.3 (0.25->64) 267 (<0.06-8)

53.3 (<2->16)
133 (<2->16)

60.0 (0.25-16)  60.0 (<0.06-2)  60.0 (<2->16)

*For 3 weeks

GFLX = gatifloxacin; Glu= glutamic acid; LVEX=levofloxacin; MFLX = moxifloxacin; MIC = minimum inhibitory concentration; MRSE =
methicillin-resistant Staphylococcus epidermidis; NFLX=norfloxacin; OFLX = ofloxacin; QRDR = quinolone-resistance determining region

detected in 71 eyes (89.9%) in the gatifloxacin group
and 60 eyes (82.2%) in the levofloxacin group. At 3
weeks, bacteria were detected in 26 eyes (32.9%) and
23 eyes (31.5%), respectively; the detection rate of bac-
teria in both groups was statistically significantly
lower after antibiotic instillation (P<.001, McNemar
test).

In the gatifloxacin group, S epidermidis was detected
in 21 eyes (26.6%) before antibiotic instillation and in 5
eyes (6.3%) at 3 weeks. In the levofloxacin group, S epi-
dermidis was detected in 15 eyes (20.5%) and 14 eyes
(19.1%), respectively (Table 2). In 1 eye in the levoflox-
acin group, 2 S epidermidis strains with different muta-
tion sites were detected at 3 weeks. After antibiotic
instillation, there was a statistically significant de-
crease in bacteria in the gatifloxacin group (P<.001,
sign test) but not in the levofloxacin group. However,
on direct isolation culture only, S epidermidis was de-
tected in 17 eyes (21.5%) in the gatifloxacin group
and in 11 eyes (15.1%) in the levofloxacin group before
antibiotic instillation and in 1 eye (1.3%) and 1 eye
(1.4%) at 3 weeks, respectively, showing that both
agents had a statistically significant bactericidal effect
(P<.001 and P<.01, respectively; Fisher exact test)
and that there was no significant difference between
the 2 agents.

Quinolone-Resistance Determining Region Mutation
Types and Susceptibility to Flueroquinolone

Table 3 shows the QRDR mutation sites and
MIC distribution of various fluoroquinolone agents
in S epidermidis strains (total 56 strains) isolated be-
fore and after antibiotic instillation. The wild-type
strains without QRDR mutation and strains with
a single-point mutation in the parE gene (Group 1/
a) were susceptible to all the fluoroquinolone agents
including norfloxacin. On the other hand, 3 strains

with a single-point mutation in the parC gene (Group
I/b) had statistically significantly higher MIC values
than the wild-type strains for norfloxacin, ofloxacin,
and levofloxacin (P<.01, Wilcoxon test). The MIC
values for strains with a single-point mutation in
the gyrA gene (Groups II-IV) were higher than in
Group I and statistically significantly higher than
those in the wild-type strains for all the fluoroquino-
lones (P <.001, Wilcoxon test). Furthermore, 2 strains
with high resistance against levofloxacin (MIC> 64)
were isolated. Both strains had double-point muta-
tions in 2 genes; that is, gyrA (codons 84 and 88)
and parC (codons 80 and 84) (Group V). Of the 56
strains detected, 36 were from the conjunctival sac
before antibiotic instillation. Of the 36 conjunctival
sac strains, 21 (58.3%) had gene mutations in at least
1 point of the QRDR.

Changes in Susceptibility Rates and Number
of Quinolone-Resistance Determining Region Gene
Mutations

Table 4 shows the changes in fluoroquinolone sus-
ceptibility rates and the number of QRDR gene muta-
tions in the S epidermidis strains isolated before and
after antibiotic instillation. In the levofloxacin group,
the mean susceptibility rate to fluoroquinolones of
the 15 strains isolated before antibiotic instillation
was 61.3% & 6.5% (SD) and of the 15 strains isolated
after instillation, 16.0% + 5.3%; this was a statistically
significant reduction (moxifloxacin and gatifloxacin,
P<.05; levofloxacin, ofloxacin, and norfloxacin,
P<.01, Wilcoxon test). Comparison of the changes in
the number of QRDR gene mutations in the levofloxa-
cin group showed statistically significant decreases in
detection rates of the wild-type strains after instillation
and significant increases in strains with multiple-point
gene mutations (P<.05, Wilcoxon test). In the
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Table 4. (Cont)

QRDR Mutation Group, n

(%)
Wild-Type - . 1° R i i v v MRSE Strains, 1 (%)
5 (33.3) 4 (26.7) 0 4(267) 2 (13.3) 0o 5 (33)
1 (67) 1 (67) 0 9 (60.0) 3 (20.0) 1(67) 11 (73)
10 (47.6) 0 1(4.8) 6 (28.6) 3 (14.3) 1(4.8) 9 (43)
2 (40.0) 1(20.0) 0 1 (20.0) 1 (20.0) 0 2 (40)

gatifloxacin group, there was no significant difference
in the susceptibility rates and the number of QRDR
gene mutations between the strains isolated before
and after antibiotic instillation. Twenty-seven strains
of MRSE carried the mecA mutation as follows: 1 strain
(5.6%) in the wild-type group; 24 strains (80%), in
Groups II, I1I, and IV; and 2 strains (100%) in Group V.

Table 5 shows the QRDR mutations and MIC values
for the 9 eyes (9 patients: 6 levofloxacin group and 3
gatifloxacin group) in which S epidermidis was isolated
both before and after antibiotic instillation. Of the
patients, 5 (3 levofloxacin group and 2 gatifloxacin
group) had differences in the mecA gene status be-
tween before antibiotic instillation and after antibiotic

Table 5. Analysis of gene mutations in 9 cases with 5 epidermidis detected both before and after antibiotic instillation.
Mutation MIC (ug/mL)
Age Sampling )
Group/PtID ~(Y) Time* SyrA parC parE mecA GFLX LVEX OFLX MFLX NFLX TOB GM EM CP
Levofloxacin ‘
OMLS827919 67 . " Before - —~ Asnd04Ser — 0125 0125 025 <006 <2 <006 <006 025 4
o 67  After Ser84Phe Ser80Tyr — + 2 4 8§ 1 16 32 32 64 4
SSR362980 79  Before — — — - 0125 025 05 0126 <2 0125 0125 >64 4
79  After Ser84Phe Ser80Phe — + 1 4 8 1 16 <006 <006 025 4
YKR845236 66 Before — — — <006 0125 025 <006 <2 <006 <006 025 4
66  After . Ser84Phe — Argd06His — 4 8 32 4 >16 <006 <006 05 4
YKL749800 . 68 .  Before Ser84Phe .. Ser80Tyr + 1 2 4 05 8 16 32 64 64
68  After Ser84Phe Ser80Tyr + 1 2 4 05 16 0125 0125025 4
KM1L801943 72 Before Glu88Lys Ser80Tyr + 2 4 8 1 8 8 16  >64 4
: 72 - After ~Glu88Lys "Ser80Tyr - 1 2 4 0.5 8 8 32 025 4
MHIL477110 83 - Before Ser84Phe . Ser80lle + 2 8 16 2 >16 0125 0125025 4
83  After = Ser84Tyr Ser80Phe + Asp397Tyr -+ 2 8 16 2 >16  >64 0125 025 4
Asp84Ala '
Gatifloxacin
MER848057 83 Before — - - - 0125 025 05 0125 <2 16 <006 64 4
: 83  After — - — — 0125 025 1 05 0125 <2 0125 0125 025 4
MKR847501 73 -Before Ser84Tyr Ser80Tyr — - 2 4 8.l 16 8 <006 64 2
73 - After Ser84Tyr Ser80Tyr — + 1 4 8 1 8 <006 <006 >64 4
KER5003812 71  Before Ser8411e Ser80Phe + Asn404Ser + 8 32 64 8 >16 <006 <006 025 64
Asp84Val :
71 After - — Asnd04Ser — <006 0125 025 <006 <2 <006 <006 025 4
Ala= alamne, Arg=Arginine; Asn=asparagine; Asp= aspartic acid; CP=chloramphenicol; EM=erythromycin; GFLX = gatifloxacin; Glu=glutamic acid;
GM= gentamicin; His=histidine; He= isoleucine; LVEX=levofloxacin; Lys=lysine;MFLX=moxifloxacin; MIC=minimum inhibitory concentration;
NFLX=norfloxacin; OFLX=ofloxacin; Phe = phenylalanine; Pt ID= paﬂent identification; Ser=serine; TOB= tobramycm, Tyr=tyrosine; Val=valine
*Before or after 3-week antibiotic instillation
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instillation; therefore, the strains were considered
genetically different between the 2 time points. The
other 4 patients also indicate genetic difference of the
strains before and after instillation. In 3 patients (2 lev-
ofloxacin group and 1 gatifloxacin group), there was
a difference in QRDR mutation sites between before
antibiotic instillation and after instillation (patient
MHI477110) or in the MIC values for antibacterial
agents other than fluoroquinolone (patients
YKL74980 and MER848057). In the other patient (pa-
tient YKR845236), the QRDR mutations (wild-type
versus gyrA/parE mutant) in the strains isolated be-
fore and after instillation and the MIC values of fluoro-
quinolones varied widely; however, the MIC values of
antibacterial agents other than fluoroquinolone were
almost the same.

DISCUSSION

Although the incidence of endophthalmitis after sur-
gery is low, it may result in loss of eyesight once it de-
velops. Thus, inJapan, there is a tendency for surgeons
to prescribe long-term prophylactic use of fluoroqui-
nolone eyedrops. A questionnaire sent to members of
the Japanese Society of Cataract and Refractive Sur-
gery in 20057 found that the most common duration
of antibacterial eyedrop use after surgery was 1 month
(34%), followed by 3 months (33%), 2 months (21%),
and 2 weeks (11%); that is, more than 88% of patients
used antibacterial eyedrops for 1 month or longer as
a preventive measure. In our study, the detection
rate of bacteria after 3-week continuous instillation of
gatifloxacin or levofloxacin was statistically signifi-
cantly less than the rate before instillation; therefore,
preventive administration of the eyedrops eradicated
resident bacteria in the conjunctival sac. However,
long-term preventive administration of antibacterial
eyedrops may result in resident bacteria developing
resistance to the agent. Okumura et al.'® report that
71% (24% in control group) of bacteria in eyes in which
levofloxacin was used for 3 months or longer were re-
sistant to various fluoroquinolone antibacterial agents,
including levofloxacin. Our study also showed that the
rates of resistance to various fluoroquinolone agents in
the S epidermidis strains isolated after 3-week continu-
ous instillation of levofloxacin reached 73.3% to 86.7%
(versus 26.7% to 46.7% before instillation). These re-
sults suggest that long-term prophylactic instillation
of levofloxacin may increase the risk for endophthal-
mitis as a result of the emergence of fluoroquinolone-
resistant bacteria. :

On the other hand, 2 factors that might cause such
increases in resistance rates are (1) the induction of
resistance at bacterial level (gene mutations) or (2)
a microbial substitution to fluoroquinolone-resistant

strains. Based on the analysis of drug-resistance genes
and MIC values of antibacterial agents in the strains
isolated ‘before and after instillation of the agents,
most strains isolated were genetically different be-
tween the 2 time points and the increases in fluoroqui-
nolone resistance rates after levofloxacin instillation
were considered to be mainly due to the microbial sub-
stitution to fluoroquinolone-resistant strains. How-
ever, in patient YKR845236 in the levofloxacin group,
the MIC values of all agents other than fluoroquino-
lone were almost identical before and after levofloxa-
cin instillation and there was no mecA mutation in
the strain detected before instillation or in the strain
detected after instillation. Thus, there was no conclu-
sive evidence of genetically different strains and the
possibility of induction of resistance is undeniable.

In our study, the results in the gatifloxacin group
were significantly different from those in the levo-
floxacin group. In the gatifloxacin group, the detec-
tion rates of S epidermidis after antibiotic instillation
were significantly lower than before instillation
(P<.001); there were no increases in the resistance
rate to fluoroquinolone after instillation, unlike in
the levofloxacin group, and bactericidal effects were
observed after instillation in 1 patient with high-level
fluoroquinolone-resistant strains detected before anti-
biotic instillation. These results suggest that gatiflox-
acin had better bactericidal effects against S
epidermidis than levofloxacin and a lower risk for in-
ducing microbial substitution to fluoroquinolone-
resistant strains. Gatifloxacin is a fourth-generation
fluoroquinolone that strongly inhibits 2 enzymes
(DNA gyrase and topoisomerase IV) and has more
potent bactericidal effects than levofloxacin, which
mainly inhibits topoisomerase IV.'® These differences
in bactericidal properties reflect the difference in re-
sults between the 2 study groups.

On the other hand, the MIC value of levofloxacin
against resistant strains of S epidermidis was 0.5 ug/mL
in Group I/b, which carried a single-point mutation in
the parC gene (n=3), indicating significantly lower
susceptibility than against the wild-type strains
(P<.01). There was no difference in the MIC value of
gatifloxacin between resistant strains of S epidermidis
and wild-type strains. In Group III (n=20), which
carried double-point mutations in the gyrA+ parC/
parE gene, the MIC value of levofloxacin was 2 to
8 pg/mL and of gatifloxacin, 1 to 4 ug/mL. In Group
IV (n=9), which carried triple-point or quadruple-
point mutations in the gyrA+parC+parC/parE gene,
the MIC value of levofloxacin was 4 to 32 pg/mL
and of gatifloxacin, 2 to 8 pg/mL. The results in Group
Il and Group IV suggest that susceptibility decreased
as the number of mutations increased. Two strains car-
rying double-point mutations each in gyrA and parC
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had a higher resistance to all 5 fluoroquinolone agents
tested. Fukuda et al.?° report that first-stage mutation
occurred in the grlA gene subunit topoisomerase IV
(parC in S epidermidis), second-stage mutation in the
gyrA gene subunit of DNA gyrase, third-stage muta-
tion again in the grlA gene, and fourth-stage mutation
again in the gyrA gene, resulting in a total of 4 muta-
tions in the grlA gene, gyrA gene, grlA gene, and
gyrA gene. They also found that the mutation in the
qyrA gene significantly affected the decreases in anti-
bacterial activity of gatifloxacin and that high resis-
tance developed, particularly for fourth-stage
mutation carrying double-point mutations in the
gyrA gene. In our study, there was also high-level flu-
oroquinolone resistance caused by double-point muta-
tions in the gyrA gene, suggesting that the mechanism
for acquisition of resistance in S epidermidis will be the
same as that in S aureus, consistent with results in stud-
ies by Yamada et al,” Li et al.,” Dubin et al,** and
Barnard and Maxwell.?® Furthermore, 96% of the 27
MRSE strains had mutations in the gyrA gene and
were resistant to all 5 fluoroquinolones tested.

In addition, 44% of the 36 strains detected before an-
tibiotic instillation showed resistance to all 5 types of
fluoroquinolones tested; 1 strain was highly resistant,
which indicates that the strategies for the prevention
of antibiotic resistance are important. In our study,
there was no evidence that 3-week preventive instilla-
tion of levofloxacin directly induced mutations of the
resistant genes. However, surgeons should choose an
antibacterial agent that has a low risk for developing
resistance as well as high levels of antibacterial
activity, ocular distribution, and safety during the
perioperative period. Further study with larger
groups of patients is needed to determine the appro-
priate dosing periods and methods to prevent antibi-
otic resistance.

In conclusion, ocular instillation of fluoroquinolones
significantly decreased the detection rates of bacteria
in the conjunctival sac during the perioperative period
in eyes having cataract surgery. However, results sug-
gest that 3-week continuous instillation of levofloxacin
affects indigenous bacterial flora and may induce mi-
crobial substitution to fluoroquinolone-resistant
strains. No induction of microbial substitution was
seen with gatifloxacin.
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Current Status of Infectious Keratitis in Students at Tottori University
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We report the current status of infectious keratitis in students at Tottori University. We reviewed the records
of 14 eyes of 13 patients below 30 years of age among those treated for infectious keratitis at Tottori University
Hospital from January 2004 to February 2008. Patients were evaluated as to method of contact lens use, visual
acuity before and after treatment and microbiological etiology. The age distribution ranged from 14 to 28 years. Of
the 13 patients, 11 used frequent-replacement soft contact lenses and 1 used hard contact lenses. At initial visit,
the visual acuity of 10 eyes (9 patients) was less than 20/40, and that of 7 eyes (6 patients) was less than 20/200.
Better visual acuity was noted after treatment in all but 2 cases, 1 of which had poor visual acuity, the other hav-
ing received penetrating keratoplasty. The presumed causative agents were Acanthamoeba species in 4 eyes and
bacteria in 10 eyes. Some of these were proven by culturing to be Pseudomonas aeruginosa (2 eyes), Staphylococ-
cus aureus (2 eyes), Serratia marcescens (1 eye) and Corynebacterium (1 eye). Reports of younger cases of contact
lens-related severe infectious keratitis have been on the increase. The importance of early proper diagnosis and
treatment is indicated, as is the need for strategy in preventing contact lens-related infectious keratitis.
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A Case of Infectious Keratitis Caused by Coryuebacterium

Koudai Inata?, Tkuyo Maeda”, Yoshifumi Ikeda®, Dai Miyazaki®, Yoshitsugu Inoue”, Hiroshi Eguchi?,

Hiroshi Shiota? and Tomomi Kuwahara®

Y Division of Ophthalmology and Visual Science, Faculty of Medicine, Tottori University, ® Department of Ophthalmology
and Visual Neuroscience, Institute of Health Biosciences, The University of Tokushima Graduate School, ¥ Department of
Molecular Bacteriology, Institute of Health Biosciences, The University of Tokushima Graduate School

TYRNTFY T ASBEBEE R SN RERAERD | I EBR L0 THETS. SO 23E B 45
Ry 7 by Py X ABERERAL TV, IREIEROBRRE, £8H, BHET. SFEHX001 T
ol ERAEFRICKE S 2mm BEOIRERO LEKIBE Z00BORCGEBE D, MSWHEOABEEETL
EWB L UAREIE - Descemet BB, BEOERAMZ o T ABEEYOREREBIZTERD V9 AR
HRE 2 RO, BBEEEIIT Corynebacterium mastitidis A E NIz 3 Y Z87 51 2 MIGEEIMGHRE TS
TANLERE LI L) RRBERr —ATCRABROBRE LRI B EEZENTVEY, SHO LD BT DR
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We report a case of infectious keratitis caused by Corynebacterium. The patient, a 23-year-old male, had used
frequent replacement soft contact lenses with overnight wear for 1 week. He complained of pain, photophobia and
reduced vision in his left eye ; his left visual acuity was 0.01. Slit-lamp examination revealed a 2mm irregular epi-
thelial defect, with mild infiltration of the defect margin, in the center of the left cornea, together with small white
keratic precipitates, corneal edema, Descemet's folds and severe ciliary injection. Numerous Gram-positive rods
were observed in a smear from the focus, and Corynebacterium: mastitidis was isolated.: Although it is thought that
Corynebacterium can cause keratitis only in special cases, such as biofilm formation in immunosuppressed: condition,
the present case indicates that Corynebacterium can be a causative agent in cases of the usual infectious keratitis,
This case also indicates that the detection of Gram-positive rods is'a key to the diagnosis of Corynebacterium infec-

tions.
(Atarashii Ganka (Journal of the Eye) 26(8) : 1105~1107; 2009)

Key words : I AN 7Y oA, BREMAESR 75 BUEE 3% 2 LY X Corynebacterium, infec-
tious keratitis, Gram-positive rods, contact lens.
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