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Purpose: To investigate the microbial isolates from patients with ocular infections and the 

trend in the emergence of levofloxacin-resistant strains over the past four years from 2006 to 

2009 retrospectively.

Patients and methods: The subjects were 242 patients with ocular infections or traumas 

treated in our hospital including outpatients, inpatients, and emergency room patients. Most of 

them needed urgent care presenting with eye complaints, traumas, or decreased vision. Clinical 

samples were obtained from discharges, corneal, conjunctival tissues or vitreous fluid or aque-

ous humor, and cultured. Items for assessment included the patient’s age, the diagnosis, the 

prevalence of isolated bacteria, and the results of susceptibility tests for levofloxacin (LVFX) 

cefamezin (CEZ), gentamicin (GM) and vancomycin. This information was obtained from the 

patients’ medical records.

Results: There were 156 male patients and 86 female patients who were aged from 2 months 

old to 94 years old and mean age was 56.8 ± 24.2 years. Of the 242 patients, 78 (32.2%) had 

positive cultures. The culture-positive rate was significantly higher in male patients than female 

in total (P = 0.002) and in patients with corneal perforation (P = 0.005). Corneal perforation 

was the highest culture-positive rate (60.0%), followed by orbital cellulitis (56.5%), blepharitis 

(50.0%), dacryoadenitis (45.5%), conjunctivitis (38.2%), infectious corneal ulcer (28.5%) and 

endophthalmitis (24.7%). LVFX-resistant strains accounted for 40 out of a total of 122 strains 

(32.8%), and the minimum inhibitory concentration (MIC) was significantly higher in LVFX 

and GM compared with the other antibiotics. There were no vancomycin-resistant strains.

Conclusion: Attention should be paid to a possible future increase of strains with resistance 

to LVFX, as commonly prescribed ocular antibiotics bring emergence of resistant bacteria. 

Although no vancomycin-resistant strains were isolated this drug should be reserved as the last 

resort, in order to prevent the emergence of vancomycin resistance.

Keywords: ocular infections, drug resistance, levofloxacin, vancomycin, minimum inhibitory 

concentration

Introduction
Among the various ocular diseases, certain infections may result in loss of vision, so 

these are clinically important disorders.1–3 In recent years, thanks to the availability of 

excellent antibiotics and antimicrobial agents, the incidence of infections caused by 

pathogenic bacteria has declined. In contrast, opportunistic infections caused by bac-

teria that are usually harmless or of low virulence and infections due to drug-resistant 

strains have become more prominent over the past 20 to 30 years worldwide.4–6 Since 

the diagnosis and treatment of such infections are complicated, patients may sometimes 

develop refractory disease.7
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In the treatment of ocular infections, it is important to 

identify (or estimate) the pathogenic bacteria and to pro-

vide appropriate antibacterial therapy. It has been reported 

that ocular infections tend to arise from different causative 

sources compared with infections at other sites.8 The char-

acteristics of clinical isolates from the eyes also tend to be 

different depending on the location of the pathology, such 

as the palpebral region, conjunctiva, cornea, lacrimal gland/

lacrimal duct, orbit, or intraocular region. In addition, tech-

nologic developments, travel, globalization and migration, 

as well as changes over time, may influence the trends of 

these infections.2,3 Such trends should be kept in mind when 

providing treatment for ocular infections.

In order to understand the current status of ocular infec-

tions in Japan in the early 21st century, this study retrospec-

tively investigated the clinical isolates obtained from patients 

who were diagnosed as having ocular infections, based on 

data obtained from the medical records. The items investi-

gated and analyzed were the patient’s age, the location of the 

infections and lesions, the bacteria isolated, and the trends 

of sensitivity to levofloxacin (LVFX), cefamezin (CEZ), 

gentamicin (GM) and vancomycin. In addition, sensitivity to 

levofloxacin was compared between each ocular infection.

Materials and methods
We retrospectively reviewed the medical records of all 

patients with ocular infections or ocular traumas who were 

treated at Juntendo University Shizuoka Hospital, Shizuoka, 

Japan, during the period from January 2006 to December 

2009. The total number of patients who underwent culture 

examination was 242. The subjects included outpatients, 

inpatients, and emergency room patients. Most of them 

needed urgent care presenting with eye complaints, traumas 

and/or decreased vision. In some patients, bacterial culture 

was done several times by episode of infection or change of 

the infectious condition.

Samples for culture were collected by ophthalmologists 

from discharges, corneal or conjunctival tissue, vitreous 

fluid, or aqueous humor of the eye infections or traumas 

using a disinfected cotton swab or a scalpel blade under topi-

cal anesthesia.9,10 In some patients, the examinations were 

performed from several points simultaneously for example, 

samples were taken from corneal tissue and discharge in 

corneal ulcer patients.

The collected materials were routinely stained with Gram 

stain, and were smeared over the surface of blood, choco-

late, Sabouraud’s agar, and thioglycolate agar plates (Nissui 

Pharmaceutical Co, Ltd, Tokyo, Japan) for culture.9–12 Cultures 

were considered positive if colonies grew at the sites of 

inoculation on the agar plates and bacteria were identified by 

standard laboratory techniques. Antibiotic sensitivities were 

determined in accordance with the methods of the National 

Committee for Clinical Laboratory Standards (NCCLS) using 

the disc diffusion method13 and fully automated microbiology 

system (RAISUS; Nissui Pharmaceutical Co, Ltd, Tokyo, 

Japan), and the minimum inhibitory concentration (MIC) was 

judged to be the lowest concentration of each anti-bacterial 

agents that substantially inhibited the growth of the organism.

The following data were collected from the medical 

records of both inpatients and outpatients with ocular diseases 

and a positive culture; the patient’s age, sex, diagnosis, loca-

tion of the infection, clinical isolates, culture-positive rate for 

each disease, and sensitivity of each isolate excluding fungi to 

LVFX, CEZ, GM, and vancomycin. Evaluation of these factors 

was also done for the following diseases: infectious corneal 

ulcer, corneal perforation, orbital cellulitis, endophthalmitis, 

conjunctivitis, dacryoadenitis, and blepharitis.

Statistical analysis was performed using SPSS (SPSS for 

Windows, version 14.0, SPSS, Chicago, IL, USA). The 2 × 2 

Chi-square test was employed for comparison of categorical 

variables. For comparison among multiple groups, the Tukey–

Kramer method was used. Differences were considered 

significant at P , 0.05.

Results
A total number of 242 eyes from 242 patients were diag-

nosed with ocular infections or traumas at our institution 

during the study period. The mean age of the patients was 

56.8 ± 24.2 years, ranging from 2 months to 94 years. There 

were 156  male patients (64.6%) and 86 female (35.4%). 

When the number of patients with each disease was assessed, 

the most common disease was infectious corneal ulcer 

in 103 patients (42.6%), followed by endophthalmitis in 

52 patients (21.5%), conjunctivitis in 39 patients (16.1%), 

dacryoadenitis in 17 patients (7.0%), corneal perforation in 

12 patients (5.0%), orbital cellulitis in 12 patients (5.0%), 

blepharitis in 4 patients (1.7%) and others in 3 patients 

(1.2%). In some patients, the culture examination was 

performed several times.

Microorganisms were isolated from 78 eyes of the 

242 eyes. Of 78 eyes, a single isolate was detected in 45 eyes, 

while there were two isolates in 22 eyes, three isolates in 

9 eyes, and four isolates in 2 eyes.

Table 2 shows the number and detection rate of ocular 

infectious diseases. When males and females were compared, 

the culture-positive rate was significantly higher in male 
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patients (P =  0.002). Corneal perforation was the highest 

culture-positive rate (60.0%), followed by orbital cellulitis 

(56.5%), blepharitis (50.0%), dacryoadenitis (45.5%), con-

junctivitis (38.2%), and infectious corneal ulcer (28.5%). 

Endophthalmitis only had a rate of 24.7% and this was the 

lowest culture-positive rate. In the patients with corneal 

perforation, the culture-positive rate was higher for males 

than for females.

A total of 124 strains were isolated. Among these isolates, 

85 strains were gram-positive (68.5%) and 37 strains were gram-

negative (29.8%) (Table 2). There were only 2 fungal isolates 

(1.6%) including one strain of Candida albicans. Gram-positive 

bacteria included methicillin-sensitive coagulase negative 

Staphylococcus (CNS) (22 strains, 17.7%), methicillin-resistant 

CNS (MRCNS) (17  strains, 13.7%), methicillin-sensitive 

Staphylococcus aureus (14  strains, 11.3%), methicillin-

resistant Staphylococcus aureus (MRSA) (12 strains, 9.7%), 

Corynebacterium sp., (9  strains, 7.3%), Streptococcus 

sp. excluding Streptococcus pneumonia (7  strains, 5.6%), 

and Streptococcus pneumoniae (4  strains, 3.2%). Gram-

negative bacteria included were Pseudomonas aeruginosa 

(12  strains, 9.7%), Serratia marcescens (7  strains, 5.6%), 

Stenotrophomonas maltophilia (3 strains, 2.4%), Haemophilus 

influenzae (3 strains, 2.4%), Klebsiella pneumoniae (3 strains, 

2.4%), Chryseobacterium indologenes (2 strains, 1.6%), Proteus 

mirabilis (2  strains, 1.6%), Enterococcus faecalis (1 strain, 

0.8%), Delftia acidovorans (1 strain, 0.8%), Achromobacter 

sp. (1 strain, 0.8%), Acinetocacter baumannii (1 strain, 0.8%,) 

and Moraxella sp. (1 strain, 0.8%).

LVFX-resistant strains accounted for 40 of the 122 bacte-

rial strains (32.8%). Table 3 presents the number of strains 

that were sensitive or resistant to levofloxacin (LVFX) for 

gram-positive and gram-negative bacteria in each disease 

category. In the patients with infectious corneal ulcer, 

21 gram-positive strains and 24 gram-negative strains were 

detected. Resistance to LVFX was observed in 3 of the 

21 gram-positive strains (14.3%). In the patients with corneal 

perforation, all 10 gram-positive strains were CNS including 

4 MRCNS and showed LVFX resistance (100.0%), while all 

of the gram-negative bacteria (n = 4) were sensitive to LVFX. 

In the patients with orbital cellulitis, 10 gram-positive strains 

and 3 gram-negative strains were detected, but only 2 gram-

positive Streptococcus strains showed LVFX resistance 

(20.0%). In the patients with endophthalmitis, 15  gram-

positive strains and 3 gram-negative strains were isolated, 

and 6 of the 15 gram-positive strains were resistant to LVFX 

(40.0%). In the patients with conjunctivitis, 15 gram-positive 

strains and 5 gram-negative strains were found, with LVFX 

resistance being shown by 10 strains (66.7%) and 1 strain 

(20.0%), respectively. In the patients with dacryoadenitis, 

10 gram-positive strains were isolated and 6 of these strains 

showed resistance to LVFX (60.0%).

The MIC of LVFX, GM and CEZ for the clinical iso-

lates was compared between each ocular infectious disease 

(Table 4). When the MIC of LVFX was compared between 

each disease, the value for isolates from patients with corneal 

perforation was significantly higher than that for isolates from 

the others (P , 0.01). Similar result was obtained for GM 

(P , 0.01). In contrast, no significant differences between 

the groups were found for CEZ. All of the bacterial isolates 

showed sensitivity to vancomycin and no resistant strains 

were detected.

Discussion
One of the objectives of this study was to perform a compre-

hensive investigation of the bacteria causing ocular infections 

Table 1 The number and detection rate of ocular infectious diseases

Total Male Female Differences 
between genders

Number Detection  
rate (%)

Number Detection  
rate (%)

Number Detection  
rate (%)

P value

Infectious corneal ulcer 51/179 28.5% 31/91 34.1% 20/88 22.7% P = 0.929
Corneal perforation 15/25 60.0% 15/20 75.0% 0/5 0.0% P = 0.005**
Orbital cellulitis 13/23 56.5% 8/12 66.7% 5/11 45.5% P = 0.546
Endophthalmitis 20/81 24.7% 9/37 24.3% 11/44 25.0% P = 0.851
Conjunctivitis 21/55 38.2% 9/18 50.0% 12/37 32.4% P = 0.336
Dacryoadenitis 10/22 45.5% 4/6 66.7% 6/16 37.5% P = 0.348
Blepharitis 2/4 50.0% 2/3 66.7% 0/1 0.0% P = 1.000
others 3/31 9.7% 3/18 16.7% 0/13 0.0% P = 0.925
Total 135/420 32.1% 81/205 39.5% 54/215 25.1% P = 0.002***

Notes: The detection rate in this table was calculated by total number of examination. Data were statistically analyzed by 2 × 2 Chi square test. Differences between sexes 
were considered at P , 0.05; **P , 0.01, ***P , 0.005.
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as previously reported.1,2 Accordingly, in addition to patients 

with infectious corneal ulcer, corneal perforation, conjunc-

tivitis, dacryoadenitis, and orbital cellulitis, patients who 

had endophthalmitis were also included. Since the nature 

of endophthalmitis is essentially different from these other 

ocular disorders,10 it may represent a target for independent 

investigation. However, in order to understand the overall 

trends of ocular diseases, we also assessed it in the current 

study. In general, the incidence of palpebral infections is high, 

although there were only two patients with blepharitis whose 

clinical samples were obtained in the present study.

There was a high culture-positive rate in patients with 

corneal perforation and in patients with orbital cellulitis, 

with the rate being over 50%. However, the number of 

clinical samples obtained for these diseases was 25 and 

23, respectively, which was relatively small. On the other 

hand, the culture-positive rate was low in patients with 

endophthalmitis, infectious corneal ulcer, and conjunctivitis, 

but the number of clinical samples was 55. In the patients 

with endophthalmitis and infectious corneal ulcer, bacterial 

culture examinations were frequently conducted because 

bacteria were difficult to isolate and this may have led to a 

low culture-positive rate. Conjunctivitis is one of the ocular 

diseases that is most frequently encountered in daily practice, 

and ophthalmic antibacterial agents are often prescribed. It 

has been reported that if antibacterial agents have been used, 

the bacterial isolation rate decreases.6 In addition, a history 

of treatment with antibacterial agents tends to be associated 

with a higher culture-positive rate of resistant strains, which 

might also have influenced our results.14,15

We focused on investigating the trends of resistance 

to LVFX because it was one of the most frequently 
prescribed antibacterial ophthalmic agents for preoperative 

disinfection.16 In the commonly prescribed ocular antibiot-

ics, however, emergence of resistant bacteria is of concern. 

The antibacterial activity of new quinolones is generally supe-

rior against gram-negative bacteria, but LVFX is claimed to 

show relatively strong activity against gram-positive bacteria 

too. In the current study, LVFX resistance was observed in 

only one strain of Pseudomonas aeruginosa and one strain 

of Enterococcus faecalis among gram-negative bacteria. 

Among gram-positive bacteria, however, LVFX resistant 

strains were seen in all species. This suggests that there is 

increasing LVFX resistance among gram-positive bacteria. 

The LVFX resistance rate in the present study (32.8%) was 

higher when comparing to normal conjunctival sac bacterial 

flora (14.0%) in our previous study.10 Bacteria isolated from 

the conjunctival sac in healthy person are also thought to be 

nonpathogenic.17 In contrast, antibiotic resistance among 

ocular isolates was higher in the present study as compared 

with the previous report.18 The result obtained in the present 

study supports the postulation that usage of antibiotics may 

contribute to development of drug resistances.

Representative bacteria isolated from patients with infec-

tious corneal ulcer are Staphylococcus aureus, Pneumococ-

cus, Pseudomonas aeruginosa, and Moraxella.19,20 In the 

present study, CNS, Pseudomonas aeruginosa, and Serratia 

were the top three bacterial species. Although this result is 

different from previous reports on the trends in Japan, it is 

similar to the findings of our investigations conducted from 

1999 through 2003.9 This suggests that the causative bacteria 

of infectious corneal ulcer might have changed in recent 

years. The prevalence of resistance to LVFX was relatively 

low and only three of the 21 gram-positive strains (14.3%) 

showed resistance. This may be related to the relatively short 

duration of treatment with antibacterial ophthalmic agents 

prior to the onset of infectious corneal ulcer.

In contrast, the number of LVFX-resistant strains was ten 

of twelve (83.3%) among gram-positive bacteria in patients 

with corneal perforation, and this may have been due to the 

fact that many of these patients received antibacterial agents 

prior to the occurrence of perforation. Among the patients 

with corneal infections, differences in the pattern of clinical 

isolates were small, but the ratio of LVFX resistance was 

higher. Because of this, in patients who progress to corneal 

perforation, we should be careful about the emergence of 

resistant strains. In fact, the mean MIC of LVFX for the 

isolates from patients with corneal perforation in this study 

was significantly higher than that for the clinical isolates from 

infectious corneal ulcer or from orbital cellulitis. Since the 

data for GM also demonstrated a similar trend, once resis-

tance to a single agent has been acquired, there is a possibility 

of bacteria acquiring multidrug resistance, even to drugs of 

Table 4 The minimum inhibitory concentration

LVFX GM CEZ

Infectious corneal ulcer 1.94 ± 2.16 5.14 ± 5.66 19.14 ± 14.93
Corneal perforation 5.93 ± 3.40** 13.7 ± 5.45** 15.67 ± 14.94
Orbital cellulitis 1.86 ± 2.24 4.33 ± 5.72   7.00 ± 12.25
Endophthalmitis 2.42 ± 2.68 5.50 ± 6.26 11.63 ± 14.20
Conjunctivitis 4.00 ± 3.14 7.54 ± 6.98 14.00 ± 14.83
Dacryoadenitis 3.63 ± 3.62 11.7 ± 6.74 17.00 ± 16.43

Notes: The MIC of LVFX, GM and CEZ for the clinical isolates from each ocular 
infectious disease. The mean MIC of LVFX and GM for isolates from patients with 
corneal perforation was significantly higher than that for isolates from the others 
(P , 0.01, respectively). Data were statistically analyzed by Tukey-Kramer method. 
Differences were considered significant at P , 0.05; **P , 0.01.
Abbreviations: LVFX, levofloxacin; GM, gentamicin, CEZ, cefamezin; MIC, minimum 
inhibitory concentration.
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different classes, as reported previously.21 LVFX resistance 

was observed in only one of the ten strains (10.0%) from 

patients with orbital cellulitis. This may have been because 

antibacterial agents are not frequently administered prior to 

the onset of this disease.

Although endophthalmitis resulted in poor visual results 

or eye removal in the past, it is not a refractory disease.

Endophthalmitis was one of the refractory diseases which 

resulted in poor visual results or eye removal. Recent devel-

opments and advances in effective antibiotics and vitreous 

surgeries, however, have led to the final visual outcome being 

markedly improved.22 In our cases, as treatments vitrectomy with 

intraocular irrigation with antibiotics and injection procedure 

with intravitreal vancomycin and ceftazidime was done in all 

cases as in the previous study, and infections then disappeared.23 

We did not administer intracameral antibiotics, because it was 

not common practice in Japan.24 In the present study, however, 

LVFX resistance was found in six of the 15 gram-positive 

strains (40.0%) in the patients with endophthalmitis and the 

rate was slightly higher than infectious corneal ulcer and orbital 

cellulitis. It is more likely that strong antibacterial agents will 

be administered to these patients over a longer period.

It may be no exaggeration to state that conjunctivitis is 

the most common external ocular infection seen in daily 

ophthalmologic practice. In patients who show minor eye 

discharge and hyperemia that is suggestive of infectious 

conjunctivitis, ophthalmic antibacterial agents are often 

prescribed without careful consideration and even without 

performing isolation or culture of bacteria. Because of this 

casual treatment paradigm, resistant strains are considered to 

be generated. This assumption is underscored by the finding 

that LVFX resistance was present in ten of the 15 gram-

positive strains (66.7%) from patients with conjunctivitis, 

which was high after corneal perforation (83.3%) in this 

study.

Dacryoadenitis frequently occurs in the newborn and in 

elderly women.25,26 In this study, there was 1 female infant 

(2 months old female) and nine of the ten patients were aged 

60 years or older. The number of female and male patients 

was five and four, respectively, and there was no gender 

difference. Due to the limited number of patients, however, 

we cannot conclude if this is the latest trend for dacryoad-

enitis from the findings of the current study. In patients with 

dacryoadenitis, extrusion of pus from the lacrimal gland 

and discharge suggest the site of infection, but it tends to be 

misdiagnosed as conjunctivitis. Accordingly, since antibac-

terial agents are frequently prescribed, it is considered that 

the incidence of resistant strains becomes higher. Among 

gram-positive bacteria, we found LVFX resistance in 6 of the 

10 strains (60.0%), which was the second highest resistance 

rate next to conjunctivitis. In previous reports, it has been 

stated that anaerobic strains are common. However, such 

bacteria were not isolated in the present study, but this may 

have been because anaerobic culture was not specified for 

the clinical samples.

Generally, male and female patients contributed equal 

percentages to the total isolates. Nonetheless, we could not 

find the reason why the culture-positive rate in males was 

higher than in females in the present study. The incidence 

of resistant strains is expected to continue to increase in 

the future. With the introduction of new drugs, the bacteria 

causing each type of infection may change and drug resis-

tance trends will definitely change as well. It is important 

to understand these trends to successfully manage not only 

ocular infections but also infection in general. This study 

provides useful data for understanding the trends of ocular 

infections in Japan around 2010. Vancomycin is considered 

to be the treatment of last resort for multi-drug resistant 

bacteria such as MRSA and MRCNS. Indeed, the present 

study did not identify any resistance to vancomycin among 

both gram-negative and gram-positive bacteria isolated 

from all types of ocular infections and sensitivity to this 

drug was confirmed. Accordingly, vancomycin can still be 

positioned as the treatment of last resort even for resistant 

bacteria. Vancomycin ophthalmic ointment was tested for 

several years27,28 and released in Japan in 2010. Its exces-

sive prescription since then may result in the emergence of 

vancomycin-resistant strains.29 Therefore, any such trend 

should be carefully monitored. Higher concentration of LVFX 

1.5% began to be distributed in Japan in June, 2011. So, it 

may also be necessary to pay attention for the emergence of 

LVFX-resistance carefully.
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