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Abstract

e AIM: To investigate the types of bacteria in patients
with eye infections in Suzhou and their drug resistance to
commonly used antibacterial drugs.

e METHODS: The clinical data of 155 patients were
retrospectively collected in this study, and the pathogenic
bacteria species and drug resistance of each pathogenic
bacteria were analyzed.

e RESULTS: Among the 155 patients (age from 12 to
87 years old, with an average age of 57, 99 males and
56 females) with eye infections (160 eyes: 74 in the left
eye, 76 in the right eye and 5 in both eyes, all of which
were exogenous), 71 (45.81%) strains were gram-positive
bacteria, 23 (14.84%) strains were gram-negative bacteria
and 61 (39.35%) strains were fungi. Gram-positive bacteria
were highly resistant to penicillin and erythromycin (78.87%
and 46.48% respectively), but least resistant to vancomycin
at 0. Gram-negative bacteria were highly resistant to
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cefoxitin and compound sulfamethoxazole (100% and
95.65% respectively), but least resistant to meropenem
at 0. Comparison of the resistance of gram-positive and
gram-negative bacteria to some drugs revealed statistically
significant differences (P<0.05) in the resistance of both to
cefoxitin, cotrimoxazole, levofloxacin, cefuroxime, ceftriaxone
and ceftazidime, and both had higher rates of resistance
to gram-negative bacteria than to gram-positive bacteria.
The distribution of bacterial infection strains showed that
Staphylococcus epidermidis was the most common strain
in the conjunctiva, cornea, aqueous humor or vitreous body
and other eye parts. Besides, Fusarium and Pseudomonas
aeruginosa were also among the most common strains of
conjunctival and corneal infections.

o CONCLUSION: Gram-positive bacteria are the dominant
bacteria in eye infections, followed by gram-negative
bacteria and fungi. Considering the resistance of gram-
negative bacteria to multiple drugs, monitoring of bacteria
should be strengthened in eye bacterial infections for
effective prevention and control to reduce complications
caused by eye infections.
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INTRODUCTION

ye infections refer to common and frequently-occurring
E ophthalmic diseases caused by various bacterial
infections, which are generally caused by pathogenic factors
such as bacteria, fungi and viruses, of which bacterial
infections are the most common'' . Eye infections have a
close bearing on various risk factors, such as trauma, surgery,
contact lens wearing, age, dry eye, chronic nasolacrimal duct

. . . . 3.4 . .
obstruction, and previous eye infections” ™, with varying
degrees of prognosis, and in severe cases, can be vision-

threatening”. With keratitis and conjunctivitis as the two most
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common types of infections'®”)

, eye infections can damage
patients’ eye tissues, resulting in decreased vision and, in
severe cases, corneal perforation and eyeball atrophy™, which
can seriously affect patients’ normal life and even lead to
blindness™"”.

Despite the natural resistance of human corneas to infection,
factors such as trauma, corneal surgery, contact lens
wearing', ocular surface diseases'”, systemic diseases!”,
and immunosuppression can alter the defense mechanisms
of the ocular surface, resulting in bacterial invasion of the
cornea. If left undiagnosed and untreated, keratitis may
develop into endophthalmitis'"", a serious eye infection caused
by bacteria and other microorganisms entering the vitreous
body. In a study by Wan et al'"®

of 531 cases of suppurative endophthalmitis in Qingdao Eye

| the etiological characteristics

Hospital of Shandong Eye Institute from January 2006 to
December 2015 were retrospectively analyzed. A total of 224
strains of pathogenic bacteria were obtained in culture, of
which gram-positive bacteria (54%) were predominant, with
Staphylococcus epidermidis (25%) being the most common,
followed by fungi (29.5%) and gram-negative bacteria (16.5%).
Bacterial conjunctivitis, which accounts for about 50%-70%
of infectious conjunctivitis'®, affects not only the conjunctiva
but also adjacent tissue structures and is a potential risk factor
for other intraocular or extraocular infections"”. About 90%
of individuals can isolate bacteria from conjunctival sac,
including Staphylococcus epidermidis, Diphtheroid bacillus
and Propionibacterium acnes, which deter other pathogenic
bacteria from attacking by releasing antibiotic-like substances
and metabolites. Infection occurs in a situation where the
defenses of the host are weaker than the invasion ability of

pathogenic bacteria®. Yang er a/'"”!

reported Streptococcus
pneumoniae, Haemophilus influenzae and Staphylococcus
aureus as common causative agents of acute bacterial
conjunctivitis, whose incubation period and duration of
infection depends on the organismal status of the infected
person, with infection latency and duration depending on the
organism status of the infected person.

Socioeconomic development and environmental changes have
witnessed an upward trend in the incidence of eye infections”™ .
Eye infections are generally treated with antibacterial drugs, but
their types and biological characteristics are constantly changing
with the widespread use of antibacterial drugs and the
popularity of contact lenses. Accordingly, the therapeutic effect
of antibacterial drugs on bacterial infections and bacterial
resistance are constantly changing as well”. Given the
increased difficulty in the treatment and diagnosis of bacterial
eye infection, treatment with effective antimicrobial drugs at
an early stage of eye infection is of great importance for the

. . . . . . 24-2
preservation and restoration of visual function in patients™*>""

For a better treatment of patients with ocular bacterial
infections, a periodic summary evaluation of eye pathogenic
bacterial resistance is needed to provide a scientific basis for
the diagnosis of eye infections and the use of antimicrobial
drugs. In this study, 155 patients admitted to Lixiang Eye
Hospital of Soochow University from January 2020 to March
2023 were retrospectively collected, and their clinical data were
retrospectively analyzed to figure out the types, composition
and drug resistance of bacterial infections, so as to provide a
basis for the rational use of antibacterial drugs in clinic.
SUBJECTS AND METHODS

Ethical Approval This study was conducted in accordance
with the Declaration of Helsinki and approved by the Research
Ethics Committee of Lixiang Eye Hospital of Soochow
University (ethical batch number: SLER2023101), and
informed consent was obtained from all participants and their
guardians. All methods were carried out in accordance with
relevant guidelines and regulations.

Subjects The clinical data of 155 patients admitted to Lixiang
Eye Hospital of Soochow University in Suzhou from January
2020 to March 2023 were retrospectively collected, including
corneal specimens (108 cases), lacrimal sac specimens
(20 cases), aqueous humor or vitreous body (17 cases)
and other parts (10 cases). Inclusion criteria: 1) clinically
diagnosed diseases such as keratitis, eyelid/orbital cellulitis,
endophthalmitis, lacrimal gland and lacrimal duct infection;
2) clinical microbial culture specimens of conjunctival sac
secretions, lacrimal passage specimens, conjunctival/corneal
scrapings, aqueous humor, vitreous body, foreign bodies caused
by ocular trauma and ocular pathological tissues. Exclusion
criteria: 1) non-ocular infectious diseases; 2) microbial culture
specimens that are non-ocular biological specimens, such as
urine and sputum; 3) duplicate strains isolated from the same
part of the same case and suspected contaminated strains.
Specimens were collected in strict accordance with the aseptic
operating procedures and sent to the microbiology laboratory
of the Department of Laboratory Medicine for isolation and
identification.

Specimen Collection Conjunctival sac specimens were
collected as follows: the patient was placed in a sitting position
and instructed to gaze upward and turn the lower eyelid. A
saline-soaked cotton swab was then used to gently wipe the
conjunctival sac of the lower lid, including the medial canthus.
After sampling, bacterial culture was performed. Corneal
specimens were collected as follows: the patient was placed in
the lying position, and after surface anesthesia, necrotic tissue
was first scraped from the surface of the corneal ulcer under
the microscope to expose the corneal lesion. Then, as much of
the corneal tissue as possible was scraped with an ophthalmic
scalpel and cultured with bacteria. Eyelid margin specimens
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were collected as follows: the patient was placed in a sitting
position, a hot compress was applied and a lid gland massage
was performed. Subsequently, a saline-soaked cotton swab
was used to gently wipe the lipid secretions draining from the
lid gland and cultured with bacteria. Specimens of aqueous
humor, vitreous body, lacrimal passage and orbital contents
were all taken intraoperatively.

Strain Identification and Antimicrobial Sensitivity Test
Bacterial culture identification was performed in strict
accordance with the routine clinical microbiology identification
procedures. Specimens were inoculated into bacterial culture
medium, fungal culture medium and enrichment culture
medium for culture and separation, and then single colonies
were selected and identified by Hunan Mindray TDR-300B
PLUS microbial identification instrument. The operation
of the antimicrobial sensitivity test and the interpretation
of the results were carried out in strict accordance with the
M100-S20 rules and standards of the Clinical and Laboratory
Standards Institute (CLSI)*". The antimicrobial sensitivity
test was carried out using the “broth microdilution method”
recommended by CLSI to detect the susceptibility and MIC
values of the drugs separately. After processing by intelligent
expert analysis software, the report results were obtained and
reasonable expert evaluation was put forward. The quality
control strains were Staphylococcus aureus (ATCC25923),
Enterococcus faecalis (ATCC29212), Escherichia coli
(ATCC25922) and Pseudomonas aeruginosa (ATCC27853).
Statistical Analysis All data in this study were statistically
analyzed using SPSS 23.0 software. y” test was utilized to
compare categorical variables, with P<0.05 indicating a
statistically significant difference.

RESULTS

Distribution Results of Pathogenic Bacteria Among the
patients with positive bacterial culture, 84 were male and
71 were female, with a ratio of 1.18:1 and a mean age of
49.65+22.21y. Of the 155 strains of pathogenic bacteria,
gram-positive bacteria predominated at 45.81%, followed
by fungi at 39.35%, and gram-negative bacteria accounted
for the lowest percentage of 14.84%. Staphylococcus
epidermidis and Streptococcus pneumoniae accounted for
the top two gram-positive bacteria infections with 38.06%
and 1.94%, respectively. Pseudomonas aeruginosa (6.45%)
and Stenotrophomonas maltophilia (1.94%) were the top
two pathogens accounting for the gram-negative bacteria
infections, respectively. Mucor (20%) and Fusarium (15.48%)
were the top two pathogens in fungi (Table 1).

Analysis of Specimen Collection Sites and Positive Culture
of Specimens The distribution of bacterial infections in
different parts of the eye from January 2020 to March 2023
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Table 1 Distribution and composition ratio of pathogenic bacteria in

patients with eye infections

Pathogenic bacteria Number  Proportion (%)
Gram-positive bacteria 71 45.81
Staphylococcus epidermidis 59 38.06
Streptococcus pneumoniae 3 1.94
Micrococcus luteus 2 1.29
Staphylococcus intermedius 1 0.65
Staphylococcus haemolyticus 1 0.65
Corynebacterium propinquum 1 0.65
Streptococcus constellatus 1 0.65
Staphylococcus aureus 1 0.65
Aerococcus viridans 1 0.65
Enterococcus faecalis 1 0.65
Gram-negative bacteria 23 14.84
Pseudomonas aeruginosa 10 6.45
Stenotrophomonas maltophilia 3 1.94
Escherichia hermannii 2 1.29
Enterobacter agglomerans 2 1.29
Aeromonas hydrophila 1 0.65
Enterobacter cloacae 1 0.65
Citrobacter koseri 1 0.65
Achromobacter xylooxidans 1 0.65
Serratia marcescens 1 0.65
Klebsiella pneumoniae 1 0.65
Fungi 61 39.35
Mucor 31 20.00
Fusarium 24 15.48
Aspergillus 3 1.94
Others 3 1.94
Total 155 100.00

(Table 2). Staphylococcus epidermidis was the most common
strain in the conjunctiva, cornea, aqueous humor or vitreous
body and other eye parts. Besides, Fusarium and Pseudomonas
aeruginosa were also among the most common strains of
conjunctival and corneal infections.

Drug Resistance of Bacterial Strains The results of the
antimicrobial sensitivity test showed that gram-positive
bacteria were highly resistant to penicillin and erythromycin
(78.87% and 46.48% respectively), but least resistant to
vancomycin at 0. Gram-negative bacteria were highly resistant
to cefoxitin and compound sulfamethoxazole (100% and
95.65% respectively), but least resistant to meropenem at
0 (Table 3). Further comparison of the resistance of gram-
negative bacteria and gram-positive bacteria to various drugs
revealed statistically significant differences (P<0.05) in the
resistance of both to cefoxitin, cotrimoxazole, levofloxacin,
cefuroxime, ceftriaxone and ceftazidime, and both had higher
rates of resistance to gram-negative bacteria than to gram-

positive bacteria (Table 4).
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Table 2 Distribution of bacterial infections in different parts of the

eye
Gitrerent parts of the aye Number  Proportion (%)
Cornea 108 69.68
Staphylococcus epidermidis 44 28.39
Fusarium 21 13.55
Mucor 24 15.48
Pseudomonas aeruginosa 4 2.58
Streptococcus pneumoniae 2 1.29
Aspergillus 2 1.29
Escherichia hermannii 2 1.29
Stenotrophomonas maltophilia 1 0.65
Staphylococcus aureus 1 0.65
Micrococcus gluteus 1 0.65
Staphylococcus intermedius 1 0.65
Staphylococcus haemolyticus 1 0.65
Enterobacter cloacae 1 0.65
Citrobacter koseri 1 0.65
Aerococcus viridans 1 0.65
Micrococcus luteus 1 0.65
Dacryocyst 19 12.26
Staphylococcus epidermidis 5 3.23
Fusarium 3 1.94
Pseudomonas aeruginosa 3 1.94
Mucor 2 1.29
Enterobacter agglomerans 2 1.29
Aspergillus 1 0.65
Streptococcus pneumoniae 1 0.65
Stenotrophomonas maltophilia 1 0.65
Enterococcus faecalis 1 0.65
Aqueous humor or vitreous body 17 10.97
Staphylococcus epidermidis 5 3.23
Mucor 5 3.23
Pseudomonas aeruginosa 3 1.94
Stenotrophomonas maltophilia 1 0.65
Corynebacterium propinquum 1 0.65
Streptococcus constellatus 1 0.65
Aeromonas hydrophila 1 0.65
Other eye parts 11 7.10
Staphylococcus epidermidis 5 3.23
Achromobacter xylooxidans 1 0.65
Serratia marcescens 1 0.65
Klebsiella pneumoniae 1 0.65
Others 3 1.94
Total 155 100
DISCUSSION

The eyes, as a vital visual structure in people’s lives, are the
basis for normal visual function in a healthy state. Infections
in ophthalmic patients may easily cause vision loss and affect

Table 3 Drug resistance of bacterial strains

Drugs Number of drug-resistant

patients
Gram-positive bacteria (n=71)
Penicillin 56
Erythromycin 33
Azithromycin 28
Oxacillin 27
Cefoxitin 24
Compound sulfamethoxazole 24
Levofloxacin 20
Cefuroxime 18
Clarithromycin 17
Clindamycin 16
Tetracycline 16
Ceftriaxone 14
Ceftazidime 11
Vancomycin 0
Gram-negative bacteria (n=23)
Cefoxitin 23
Compound sulfamethoxazole 22
Levofloxacin 18
Cefuroxime 15
Ceftriaxone 10
Ceftazidime 10
Gentamicin 6
Minocycline 4
Cefotaxime 3
Ampicillin 3
Linezolid 1
Aztreonam 1
Amikacin 1
Meropenem 0

the effectiveness of treatment. Therefore, in case of persistent
ocular discomfort, medical attention should be sought as soon
as possible and ophthalmic antimicrobial drugs should be used
appropriately to treat infectious ophthalmic diseases thoroughly
and effectively and to improve their treatment outcome™ "),
Farmers, construction workers and other groups are more
prone to infection among the many people with eye infections
because of their frequent farming and labor. Specifically,
farmers are easily scratched by plants and splashed with seeds
during labor, which leads to fungal infection; Construction
workers are more likely to be infected with gram-positive
bacteria because they are often hooked by wires or hit by
stones. For this reason, protective eyewear should be used
properly during labor to reduce the incidence of eye infections.
Supplemented by the increasing use of electronic products
in the context of the rapid changes in technology, eye fatigue
and reduced eye immunity are becoming more common,
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Table 4 Comparison of resistance of gram-positive and gram-negative bacteria to some drugs

Items Cefoxitin Compound sulfamethoxazole Levofloxacin Cefuroxime Ceftriaxone Ceftazidime
Gram-positive bacteria (n=71)
Number of drug-resistant plants 24 24 20 18 14 11
Proportion 33.80% 33.80% 28.17% 25.35% 19.72% 15.49%
Gram-negative bacteria (n=23)
Number of drug-resistant plants 23 22 18 15 10 10
Proportion 100% 95.65% 78.26% 65.22% 43.48% 43.48%
30.451 26.594 18.100 12.119 5.158 7.842
P <0.001 <0.001 <0.001 <0.001 0.023 0.005

eventually leading to eye infections. Meanwhile, people’s
pursuit of beauty has improved under the rising standard of
living, contributing to a rapid increase in the use of contacts
lenses and cosmetic contact lenses. But with this comes their
unregulated use, causing adverse eye consequences such as
eye dryness, fatigue and discomfort, and eye infections™.

Bacterial infections, as the most common pathogenic
bacteria in eye infections, are constantly changing due to the
continuous application and even abuse of antimicrobial drugs
and hormones, resulting in changing drug resistance as well"".
Early identification of pathogenic bacteria species as well as
a timely and accurate selection of antimicrobial drugs are key
31 In this study, the
clinical data of 155 patients admitted to Lixiang Eye Hospital

to treating patients with eye infections!

of Soochow University in Suzhou from January 2020 to
March 2023 were retrospectively collected, and the pathogenic
bacteria species and drug resistance of each pathogenic bacteria
were analyzed. The results showed that the pathogens infecting
patients with eye infections were mainly gram-positive
bacteria, followed by fungi and gram-negative bacteria. The
main gram-positive bacteria were Staphylococcus epidermidis
(45.04%) and Streptococcus pneumoniae (2.29%), whereas the
main gram-negative bacteria were Pseudomonas aeruginosa
(7.63%) and Stenotrophomonas maltophilia (2.29%), which
was consistent with the predominance of gram-positive
bacteria in eye infections reported in related studies”". The
analysis of the infected site shows that the most infected site
was the conjunctiva (50.38%), followed by the cornea (31.30%)
and finally the aqueous humor or vitreous body (9.92%).

In previous reports, no bacteria isolated from all types of eye
infections were found to be resistant to vancomycin and the
sensitivity of the drug was definitive” %, Comparison of
the resistance of gram-positive and gram-negative bacteria
to some drugs revealed that gram-positive bacteria were
highly resistant to penicillin and erythromycin (78.87% and
46.48% respectively), but least resistant to vancomycin at
0 and that gram-negative bacteria were highly resistant to
cefoxitin and compound sulfamethoxazole (100% and 95.65%
respectively), but least resistant to meropenem at 0. Therefore,
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patients diagnosed with gram-positive bacteria can be treated
with vancomycin, and treatment with ceftazidime is equally
effective; while those diagnosed with gram-negative bacteria
are recommended to be treated with meropenem, amikacin,
and aztreonam. Further comparison of the resistance of gram-
positive bacteria and gram-negative bacteria to some drugs
revealed statistically significant differences (P<0.05) in the
resistance of both to cefoxitin, compound sulfamethoxazole,
levofloxacin, cefuroxime, ceftriaxone and ceftazidime, and
both had higher rates of resistance to gram-negative bacteria
than to gram-positive bacteria. This suggests that the above
drugs are less effective in gram-negative bacterial infections,
and can be used in those with gram-positive bacterial
infections. Considering that the resistance of pathogenic
bacteria may be attributed to improper or abusive use of
previous antimicrobial drugs, there is a need to improve the
norms and systems of drug use in the hospital and to provide
targeted treatment for postoperative patients with different
pathogenic bacterial infections, so as to achieve the best
therapeutic effect”™”.

Based on the results of this study, ophthalmologists may make
more appropriate decisions in the treatment of eye-bacterial
infections. Nevertheless, certain limitations are also visible
in the present study. First, this study was a single-center
study with accidental results, which led to differences in the
distribution of pathogenic bacteria in this paper compared
with other literature. Second, a small sample size was included
in this study, resulting in low test efficiency and incomplete
results. Therefore, the sample size should be further increased
in subsequent studies. Finally, the retrospective approach to
the study and the time available for the study are limited due to
the nature of the methods, which limits our ability to perform a
more objective analysis of trends in pathogen distribution and
antibiotic sensitivity. To address this, studies of eye bacterial
infections with larger sample sizes, longer duration, and using
more advanced technology will be conducted in the future.

To put it in a nutshell, Staphylococcus epidermidis is the
main isolated strain of all eye bacterial specimens in Suzhou,
China. Antibiotics such as penicillin and erythromycin, used
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for the treatment of gram-positive bacterial infections, are less
effective, and vancomycin is the best, followed by ceftazidime.
Cefoxitin and compound sulfamethoxazole are less effective
in the treatment of gram-negative bacterial infections, so
meropenem is recommended. By further classifying bacteria
and comparing their sensitivity to antibiotics through statistical
analysis, more accurate results of antibiotic sensitivity analysis
can be obtained.

ACKNOWLEDGEMENTS

Conflicts of Interest: Zhang L, None; You HZ, None; Wang

GH, None; Xu W, None; Li JS, None; Zhao QL, None; Du

S, None.

REFERENCES

1 Rishi E, Thomas J, Fashina T, Kim L, Yeh S. Emerging pathogenic viral
infections of the eye. Annu Rev Vis Sci 2023;9:71-89.

2 Andoh JE, Ezekwesili AC, Nwanyanwu K, Elam A. Disparities in
eye care access and utilization: a narrative review. Annu Rev Vis Sci
2023;9:15-37.

3 Shah S, Patel V. Targeting posterior eye infections with colloidal
carriers: The case of Ganciclovir. Int J Pharm 2023;645:123427.

4 Cheung GYC, Bae JS, Otto M. Pathogenicity and virulence of
Staphylococcus aureus. Virulence 2021;12(1):547-569.

5 D’Oria F, Buonamassa R, Rizzo T, Boscia F, Alessio G, Guerriero S.
Bacterial isolates and antimicrobial susceptibility pattern of ocular
infection at a tertiary referral hospital in the South of Italy. Eur J
Ophthalmol 2023;33(1):370-376.

6 Fleiszig SMJ, Kroken AR, Nieto V, Grosser MR, Wan SJ, Metruccio
MME, Evans DJ. Contact lens-related corneal infection: Intrinsic
resistance and its compromise. Prog Retin Eye Res 2020;76:100804.

7 Delgado E, Gomes E, Gil S, Lourengo AM. Diagnostic approach
and grading scheme for canine allergic conjunctivitis. BMC Vet Res
2023;19(1):35.

8 Agarwal S, Srinivasan B, Harwani AA, Fogla R, Iyer G. Perioperative
nuances of cataract surgery in ocular surface disorders. Indian J
Ophthalmol 2022;70(10):3455-3464.

9 Wang Q, Shi W, Li Y, Gao W, Yuan L, Dong F, Yao KH. Serotype
distribution of Streptococcus pneumoniae isolated from children
hospitalized in Beijing children’s hospital (2013-2019). Vaccine
2020;38(49):7858-7864.

10 Liu XY, Zhang H, He SW, Mu X, Hu G, Dong H. Endothelial-
derived interleukin-la activates innate immunity by promoting the
bactericidal activity of transendothelial neutrophils. Front Cell Dev
Biol 2020;8:590.

11 Stapleton F. Contact lens-related corneal infection in Australia. Clin
Exp Optom 2020;103(4):408-417.

12 Lorente Pascua J, Garcia Bernal A, Garcia Sanchez E, Almeida
Gonzélez CV. Microorganisms and antibiotic resistance of bacterial
keratitis at a rural county hospital in Seville. Eye Contact Lens
2022;48(6):267-271.

13 Dempsey MP, Conrady CD. The host-pathogen interplay: a tale of

two stories within the cornea and posterior segment. Microorganisms
2023;11(8):2074.

14 Lin A, Rhee MK, Akpek EK, Amescua G, Farid M, Garcia-Ferrer
FJ, Varu DM, Musch DC, Dunn SP, Mah FS, American Academy
of Ophthalmology Preferred Practice Pattern Cornea and External
Disease Panel. Bacterial keratitis preferred practice pattern®.
Ophthalmology 2019;126(1):P1-P55.

15 Wan L, Chen N, Zhang J, Cheng J, Liu F, Xie LX. Analysis of
pathogenic factors and etiological characteristics of 531 patients with
suppurative endophthalmitis. Chin J Ocul Fundus Dis 2019;35(2):181-186.

16 Nagai K, Kimura O, Domon H, Maekawa T, Yonezawa D, Terao
Y. Antimicrobial susceptibility of Streptococcus pneumoniae,
Haemophilus influenzae, and Moraxella catarrhalis clinical isolates
from children with acute otitis media in Japan from 2014 to 2017. J
Infect Chemother 2019;25(3):229-232.

17 Zaccaron BA, Araujo MEXDS, de Paula AIC, Costa BM, Papalini
EPDP, Pinto RASR. Bacterial keratitis in a tertiary hospital in Sdo
Paulo: a 21-year review of the epidemiological, laboratory, and clinical
data. Braz J Infect Dis 2023;27(5):102809.

18 Mohamed HB, Abd El-Hamid BN, Fathalla D, Fouad EA. Current
trends in pharmaceutical treatment of dry eye disease: a review. Eur J
Pharm Sci 2022;175:106206.

19 Yang SS, Pang XJ, Wang HG, ef al. A randomized, double-blind
and placebo controlled clinical trail of topical administration of 1%
azithromycin eye drops for acute bacterial conjunctivitis. Chin J Exp
Ophthalmol 2013;31(2):182-185.

20 Li YM, Hong JX, Wei AJ, Wang X, Chen Y, Cui XH, Sun XH, Liu ZG,
Xu JJ. Vision-related quality of life in patients with infectious keratitis.
Optom Vis Sci 2014;91(3):278-283.

21 Azari AA, Barney NP. Conjunctivitis: a systematic review of diagnosis
and treatment. JAMA 2013;310(16):1721-1729.

22 Guo XW, Wu KL, Jiang L. Clinical analysis of resistance of pathogens
of eye infections to aminoglycoside antibiotic therapy. Chinese
Journal of Nosocomiology 2015;24(14):3210-3212.

23 Mao LP, Wang DX, Huang XT, Xu Y, Chen PF, Ye DX, Zheng MQ,
Lou YL. Ophthalmic infection associated pathogenic bacteria and their
drug resistance. Chinese Journal of Microecology 2015;27(3):341-344.

24 Lin L. Clinical investigation of infant eye bacterial infection. Chinese
Journal of Laboratory Diagnosis 2015;18(3):456-457.

25 Shi J, Bai ZX, Huo YX, et al. Clinical analysis of iatrogenic ocular
injury. Zhonghua Yanwaishang Zhiye Yanbing Zazhi 2014;36(9):661-664.

26 Clsi. Performance standards for antimicrobial susceptibility testing:
Twentieth Informational Supplement. Clinical and Laboratory
Standards Institute. 2010: M100-S20.

27 Tao J, Sun T, Tang QB, Yao TL. Curative effect observation of
hyperbaric oxygen in the treatment of recovery phase of hypertensive
intracerebral hemorrhage. Genomics and Applied Biology
2016;35(11):2985-2988.

28 Chen XX, Luo JZ, Cheng XF, et al. Clinical observation of

rehabilitation nursing on improving the quality of life of patients with

705



Retrospective study of eye infections

cerebral hemorrhage. Guangdong Medical Journal 2009;30(8):
1209-1210.

29 Guo WF, Zhang LK, Wu MH, et al. Liangxue Tongyu Fang for treating
acuter-phase cerebral hemorrhage in 168 cases. Journal of Beijing
University of Traditional Chinese Medicine 2012;35(9):603-606,619.

30 Hu YB. Wearing contacts with caution. Kaijuanyouyi Qiuyiwenyao
2021;379(06):6.

31 Thanathanee O, Phanphruk W, Anutarapongpan O, Romphruk
A, Suwan-Apichon O. Contamination risk of 100% autologous
serum eye drops in management of ocular surface diseases. Cornea
2013;32(8):1116-1119.

32 Belfort R Jr, Gabriel L, Martins Bispo PJ, Muccioli C, Zacharias
Serapicos PC, Clark L, Bell B, Bartell J, Stroman DW, Hoéfling-Lima
AL. Safety and efficacy of moxifloxacin-dexamethasone eyedrops
as treatment for bacterial ocular infection associated with bacterial
blepharitis. Adv Ther 2012;29(5):416-426.

33 Zhang YQ, Kang YG. Clinical distribution and drug resistance

analysis of Gram-positive cocci in ocular infection. Journal of Chinese

706

Physician 2014;19(ZL):61-62.

34 Yang K, Wu MH, Li MY, Li DD, Peng AP, Nie XX, Sun MX, Wang
JL, Wu YJ, Deng QC, Zhu M, Chen K, Yuan J, Huang X. MiR-155
suppresses bacterial clearance in Pseudomonas aeruginosa-induced
keratitis by targeting Rheb. J Infect Dis 2014;210(1):89-98.

35 Shimizu Y, Toshida H, Honda R, Matsui A, Ohta T, Asada Y,
Murakami A. Prevalence of drug resistance and culture-positive rate
among microorganisms isolated from patients with ocular infections
over a 4-year period. Clin Ophthalmol 2013;7:695-702.

36 Joseph J, Nirmalkar K, Mathai A, Sharma S. Clinical features,
microbiological profile and treatment outcome of patients with
Corynebacterium endophthalmitis: review of a decade from a tertiary
eye care centre in southern India. Br J Ophthalmol 2016;100(2):
189-194.

37 Blanco AR, Sudano Roccaro A, Spoto CG, Papa V. Susceptibility of
methicillin-resistant Staphylococci clinical isolates to netilmicin and
other antibiotics commonly used in ophthalmic therapy. Curr Eye Res

2013;38(8):811-816.



