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ABSTRACT

Introduction. Staphylococcus epidermidis (SE) is a com-
mon cause of bacterial keratitis in certain geographic areas. A
high percentage of resistance to methicillin is shown, which
gives it cross resistance to beta-lactams and sometimes resist-
ance to other antibacterial groups. We analyzed clinical and
microbiological variables in patients with infectious keratitis
due to SE.

Methods. Medical records of 43 patients with suspect-
ed infectious keratitis and microbiological confirmation for SE,
between October 2017 and October 2020, were retrospective-
ly studied. Clinical characteristics (risk factors, size of lesions,
treatment, evolution) and microbiological (susceptibility to
antibiotics) were analyzed, and groups of patients with me-
thicillin-resistant (MRSE) and methicillin-susceptible (MSSE)
infection were compared.

Results. MRSE was present in 37.29% of infectious ker-
atitis. All isolates were sensitive to vancomycin and linezolid.
Rates of resistance to tetracyclines and ciprofloxacin were
50% and 56% in the MRSE group, and 11% and 7% in the
MSSE group. The clinical characteristics, including size of le-
sion, visual axis involvement, inflammation of anterior cham-
ber, presence of risk factors and follow-up time, did not show
statistically significant differences between groups.

Conclusions. MRSE is a common cause of infectious ker-
atitis caused by SE and shows a high rate of multidrug resist-
ance. Clinically, it does not differ from MSSE keratitis. Addi-
tional work is needed to confirm these findings.
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Queratitis infecciosa por Staphylococcus
epidermidis resistente a meticilina: perfil
clinico y microbioldgico

RESUMEN

Introduccion. Staphylococcus epidermidis (SE) es una
causa frecuente de queratitis bacteriana en ciertas areas geo-
graficas. Presenta un alto porcentaje de resistencia a meticili-
na, lo que confiere resistencia cruzada a beta-lactamicos y en
algunas ocasiones también resistencia a otros grupos de anti-
bacterianos. Analizamos variables clinicas y microbioldgicas en
pacientes con queratitis infecciosa por SE.

Métodos. Se analizaron retrospectivamente las historias
clinicas de 43 pacientes con sospecha de queratitis infecciosa y
confirmacion microbiologica para SE, entre octubre de 2017 vy
octubre de 2020. Se analizaron las caracteristicas clinicas (fac-
tores de riesgo, tamano de las lesiones, tratamiento, evolucion)
y microbiologicas (susceptibilidad a antibidticos) y se compa-
raron grupos de pacientes con infeccion resistente (MRSE) y
sensible a meticilina (MSSE).

Resultados. El 37,2% de las queratitis fueron por MRSE.
Todos los aislados fueron sensibles a vancomicina vy linezolid.
Las tasas de resistencia a tetraciclinas y ciprofloxacino fueron
50% y 56% en el grupo de MRSE, y 11% y 7% en el grupo
de MSSE. Las caracteristicas clinicas, incluido el tamafio de la
lesion, la afectacion del eje visual, la inflamacion de la camara
anterior, la presencia de factores de riesgo vy el tiempo de se-
guimiento, no mostraron diferencias estadisticamente signifi-
cativas entre los grupos.

Conclusiones. MRSE es una causa frecuente de las que-
ratitis infecciosas producidas por SE y presenta una alta tasa
de resistencia a multiples farmacos. Clinicamente, no muestra
diferencias clinicas con la queratitis por MSSE. Se necesitan
trabajos adicionales para confirmar estos hallazgos.

Palabras clave: queratitis, Staphylococcus epidermidis, resistente a meticilina.
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INTRODUCTION

Gram-positive bacteria are the most common culture-iso-
lated microorganisms in bacterial keratitis according to sev-
eral series [1-4]. Methicillin-resistant Staphylococcus aureus
(MRSA) keratitis has been widely described [5-8]. However,
literature related to methicillin-resistant Staphylococcus epi-
dermidis (MRSE) is limited. Goodman et al. first reported two
cases of MRSE keratitis in 1988 [9]. The prevalence has in-
creased since then as showed in larger epidemiological studies,
ranging from 34 to 79% [2,3,10].

S. epidermidis is opportunistic bacteria found in the
normal skin microbiota and frequently acquires resistance
to antibiotics [11-13]. MRSE is resistant to beta-lactams and
frequently acquires resistance to other antibiotics for ophthal-
mological use such as quinolones or tetracyclines. At sites with
poor immunosurveillance, such as foreign bodies, MRSE can
cause infections and develop biofilms, making it difficult for
antibiotics to interact with bacteria, increasing their resistance
and making treatment more difficult [14]. The intact cornea
and tear layer create a physical immune barrier that prevents
opportunistic microorganisms, with limited pathogenicity,
from causing infections, which is critical due to the almost
complete absence of leukocytes in the tear fluid and corneal
layer [15,16]. However, damage to this barrier facilitates mi-
croorganisms penetration and, consequently, infection.

We present the clinical characteristics, antibiotic resist-
ance, and treatment results of patients with culture-confirmed
MRSE keratitis compared to those with methicillin-sensitive S.
epidermidis keratitis (MSSE) who attended the Ophthalmology
Service in a period of three years.

METHODS

Corneal scrape samples were reviewed retrospectively at
the Microbiology Service of the Hospital Clinico Universitario
of Valencia during the period between October-2017 and Oc-
tober-2020.

All cases were diagnosed on the first visit as suspected in-
fectious keratitis after slit lamp examination. The criteria consid-
ered were conventional: corneal lesion with stromal infiltration
(with or without cells in the anterior chamber), pain, discomfort
and redness, together with the patient's anamnesis including
previous ocular risk factors [1]. To avoid including colonization
samples in our study, we included only symptomatic patients
with inflammation signs in slit lamp examination.

Patients with monomicrobial culture for S. epidermid-
is and compatible clinical manifestations were included. The
clinical history, microbiological results and available slit lamp
photographs of all patients were reviewed. Clinical informa-
tion collected included: patient's age and sex, ocular risk fac-
tors, number of follow-up days required, size of the lesion at
the time of diagnosis, visual axis involvement and clinical out-
comes. All patients were managed in the outpatient clinic.

Patients were divided into severe and non-severe infec-

tious keratitis, according to the following criteria: cells in the
anterior chamber, size of the lesion>3 mm and/or involvement
of the visual axis.

The size, maximum and minimum, of the infiltrate in milli-
meters was measured using the ruler adjusted to the slit lamp,
as well as photographic control.

Sample collection and microbiological study. All
samples were collected in the ophthalmology unit by corne-
al scraping procedure, direct inoculation onto appropriate
culture media [3] and rapid shipment (within 2 hours) to the
microbiology laboratory. Blood and chocolate agar plates were
incubated in 10% carbon dioxide environments at 35°C for
5-7 days. To exclude accidental contaminants, the criterion
to consider a positive culture was the monomicrobial growth
of at least 10 colonies on a solid medium with similar mor-
phology to the Gram stain. Cultures that isolated multiple
organisms were excluded. Bacterial identification was carried
out using MALDI-TOF technology (Bruker Daltonics). Antibiotic
susceptibility studies were performed by broth microdilution
(MicroScan, Beckman) and the minimum inhibitory concen-
trations (MIC) obtained were interpreted according to EUCAST
guidelines. Antibiotics analyzed in all isolated bacterial strains
were: cloxacillin, cotrimoxazole, erythromycin, clindamycin,
ciprofloxacin, vancomycin, linezolid, daptomycin, tetracycline,
rifampin, fusidic acid, mupirocin, chloramphenicol, and gen-
tamicin.

Treatment and follow-up. After diagnosis, patients were
empirically treated hourly, according to American Academy of
Ophthalmology, with fortified eye drops of ceftazidime (50mg/
ml) and vancomycin (50mg/ml), or ceftazidime (50mg/ml) and
tobramycin (50mg/ml), or with fluoroquinolones (3-5mg/ml),
along with cyclopentolate 10 mg/ml every 8 hours; the final
treatment decision was made according to physician's discre-
tion.

The first check-up was carried out 48 hours after the diag-
nosis in all cases, and at this time the evolution was classified
as either good or suboptimal. The patients were followed-up
and days until resolution of lesion (absence of fluorescein cor-
neal lesion's staining and absence of inflammation signs) were
counted.

Statistical analysis. All the statistical analyses were
performed using SPSS, Version 27, computer software (IBM,
Armonk, NY, USA). Binary variables were analysed using chi-
square or Fisher's exact test (when expected value <5). Quan-
titative variables were analyzed with t-test when assuming
normal distribution of the data and U-Mann-Whitney when
it was not.

A p-value <0.05 was considered statistically significant.
Antibiotic resistance was calculated in percentages.

RESULTS

During the study period, forty-three patients with clinical
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Figure 1

Risk factors of MRSE and MSSE keratitis cases.

MRSE: methicillin-resistant Staphylococcus epidermidis, MSSE: methicillin-susceptible Staphylococcus epidermidis.

diagnosis of keratitis showed a monomicrobial culture for S.
epidermidis, 16 of which were resistant to methicillin (37.2%).

Four patients were excluded due to probable contamina-
tion: three cases had clinically small marginal infiltrates asso-
ciated with an epithelial defect and were mildly symptomatic,
and the other case had a spongy margin ulcer and torpid evo-
lution, in which subsequent cultures were positive for Asper-
gillus.

Patient characteristics. Patient's mean age was 55.1
years, ranging from 11 to 89 years (MRSE group: 62.6 years,
range 23-82 years; MSSE group: 50.7 years, range 11-89 years;
p = 0.094). Twenty-two patients were women (51.2%), with no
statistical differences between the two S. epidermidis groups.

Clinical characteristics. All cases presented with pain
and redness of the affected eye, along with one or more ep-
ithelial defects and perilesional stromal infiltration.

The mean size of the lesion in maximum and minimum
diameter was 1.68x1.05mm (MRSE group: 2.1x1.17mm; MSSE
group 1.44x0.97mm; p=0.102 for maximum diameter and
p=0.812 for minimum diameter).

Twenty-one patients (48,8%) presented with inflamma-
tion in the anterior chamber (MRSE group: n=10, 62.5%; MSSE
group: n=11, 40.1%); p=0.083). Five patients had dense stromal
edema, making the assessment of the anterior chamber impos-
sible with slit lamp examination. Twenty-nine patients (67.4%)
were classified after with criteria of severe keratitis (MRSE
group: n=13, 81.3%; MSSE group: n=16, 59.3%; p=0.186). The
lesion affected the visual axis in 15 cases (MRSE group: n=6,
37.5%; MSSE group: n=9, 33.3%); p=0.782).

All cases were unilateral, suggesting local risk factors
rather than systemic conditions.

The mean follow-up time was 18,5 days until the cessa-
tion of the disease (MRSE group: 27.4 days, range 2-166 days;
MSSE group: 13 days, range 2-59 days; p=0.129).

The medical records review did not show previous antibi-
otic treatment or hospital care in the last 4 weeks.

Risk factors and clinical outcomes. Ocular or systemic
predisposing factors were present in 33 cases (76.7%). The risk
factors include: eyelid malposition, keratopathy, traumatism,
contact lens use, none and other (including antiglaucomatous
topical medication, intellectual disability, systemic immunosup-
pression and chronic lacrimal obstruction). The MRSE keratitis
are most commonly associated with eyelid malposition (319%)
and previous keratopathy (25%) (Figure 1). The MSSE keratitis'
main risk factors are contact lens use (349%) and keratopathy
(11%). Only 13% of cases in the MRSE group occurs without
predisposing conditions, whereas 31% in the MSSE group.

MRSE group (n= 16). Fourteen cases of 16 (87.5%) oc-
curred in eyes with previous risk factors or systemic predispos-
ing conditions such as: lagophthalmos (3), contact lens use (2),
neurotrophic keratopathy (2), distichiasis (2), traumatism (1),
bullous keratopathy (1), penetrant keratoplasty (1), intellectu-
al disability (1) and chronic use of antiglaucomatous topical
medication (1). In 2 cases no prior risk factors were identified.

The outcomes were: corneal thinning (2), central leucoma
affecting visual axis (2), penetrant keratoplasty (1) and total
corneal opacity (1). The other 10 cases resolved without func-
tional sequelae. The clinical and epidemiological characteristics
are shown in Table 1.

MSSE group (n= 27). Eight of the 27 cases (29,6%) did
not present ocular risk factors or systemic conditions. The risk
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Table 1 Cases of keratitis in the MRSE group and clinical characteristics.
Patient Sex Age (years) Risk factor Follow-up (days) Size (max. x min. size) (mm) Visual axis
1 Female 82 Lagophthalmos 15 3.5x1.2 No
2 Female 75 Bullous keratopathy 8 4.5x4 Yes
3 Female 49 Penetrant keratoplasty 18 21 No
4 Male 82 Lagophthalmos 36 2X1 Yes
5 Male 60 Traumatism 2 0.4x0.2 No
6 Male 47 Lagophthalmos 166 0.9x0.8 Yes
7 Female 65 Neurotrophic keratopathy 59 1x0.8 Yes
8 Female 82 Distichiasis 26 Not available Yes
9 Female 37 Contact lens use 9 0.2x0.2 No
10 Female 59 None 10 1.7x1 No
1 Female 66 Neurotrophic keratopathy 29 5.8x3.5 Yes
12 Female 41 Intellectual disability 8 1.7x0.2 No
13 Male 76 None 20 4x0.2 No
14 Female 80 Antiglaucomatous topical medication 13 1.3x1 No
15 Female 71 Distichiasis 8 1x1 No
16 Female 23 Contact lens use n 1.5x1.5 No

MRSE: methicillin-resistant Staphylococcus epidermidis.

factors present in the other 19 patients were: contact lens use
(10), traumatism (2), neurotrophic keratopathy (2), bullous ker-
atopathy (1), distichiasis (1), systemic immunosuppression (1),
chronic lacrimal obstruction (1) and floppy eyelid syndrome
().

The outcomes were: mild leucoma without visual impair-
ment in 23 cases, total corneal opacity (2), endophthalmitis (1)
and corneal thinning (1).

A p=0.337 was calculated comparing the presence of any
risk factor between MRSE and MSSE group.

Treatment and bacterial sensitivity to antibiotics.
Of all cases with severe keratitis criteria (29), 20 (69%) were
empirically treated with fortified eye drops of antibiotics ad-
ministered hourly for 48 hours: 9 cases were treated with cef-
tazidime and tobramycin and 11 cases with ceftazidime and
vancomycin. The other 9 (31%) cases were empirically treated
with commercial antibiotics: 2 with topical moxifloxacin (5mg/
ml) and 7 with ciprofloxacin (3mg/ml). At the 48-hour check-
up, if the clinical evolution was suboptimal, the treatment was
adjusted according to the antibiogram.

The initial regime with commercial topical quinolones was
maintained in all 9 (100%) cases due to good clinical evolution
(less corneal infiltrate, less symptoms and/or decreased inflam-
mation in the anterior chamber).

Of the 9 cases initially treated with ceftazidime and tobra-
mycin, in 3 (33%) cases the same antibiotics were maintained

due to good clinical evolution and rapid clinical resolution. The
remaining 6 (66%) were changed after receiving antibiogram
results: 2 to fortified vancomycin and one to amikacin, where-
as the other 3 were shifted to commercial ciprofloxacin.

Out of the 11 cases treated initially with fortified ceftazi-
dime and vancomycin, 2 (18%) patients were kept with the
same treatment due to rapid resolution of the infection in one
case and because of suboptimal response in the other case. The
rest (9, 82%) were adjusted after antibiogram results. 1 was
changed to fortified vancomycin after showing resistance to
the other antibiotics commercially available, and the rest (8)
were switched to commercial medication: one to gentamycin
(3mg/ml), 3 to ciprofloxacin (3mg/ml), 3 to moxifloxacin (5mg/
ml) and 1 to tobramycin (3mg/ml).

Of the cases that did not meet criteria for severe keratitis
(14), 10 (71%) were treated initially with topical ciprofloxa-
cin hourly for 48 hours; this regime was maintained after the
complete resolution of the infiltrate, with good clinical evo-
lution and no side effects in all cases. Two (14%) cases were
treated initially with ceftazidime and tobramycin (both with
good clinical evolution), and 2 (14%) with ceftazidime and
vancomycin (one of them with suboptimal evolution).

Comparative results of antibiotic susceptibility are shown
in the Table 2. In the MRSE group, there were significant rates
of resistance to ciprofloxacin (56%), tetracycline (509%), fu-
sidic acid (45%) mupirocin (73%), and erythromycin (100%).
Changes in MIC,; of the following antibiotics were detected:
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Table 2 Percentages of antibiotics resistance in MRSE and MSSE groups.
MRSE MSSE
(N=16) (N=27)
%% Resistance MICq 9% Resistance MIC90 p

Cloxacillin 100 >2 0 <0.25 <0.001*
Cotrimoxazole 13 <2[38 7 <2/38 0.578
Erythromycin 100 >4 74 >4 0.026*
Clindamycin 75 0.5 33 0.5 0.063
Ciprofloxacin 56 >2 7 <1 <0.001*
Vancomycin 0 4 0 2
Linezolid 0 4 0 2
Daptomycin 0 <1 0 <1
Tetracycline 50 >8 1 2 0.005*
Rifampicin 0 <05 0 <05
Fusidico 45 >2 8 <2 0.013*
Mupirocin 73 >256 24 <256 0.02*
Chloramphenicol 0 <8 0 <8
Gentamicin 38 >8 18 4 0.168
Tobramycin 44 >8 30 8 0.348

MRSE: methicillin-resistant Staphylococcus epidermidis, MSSE: methicillin-susceptible Staphylococcus epidermidis.
MIC,, value was defined as the lowest concentration of the antibiotic at which 90% of the isolates were inhibited.

*P<0.05

linezolid, vancomycin, ciprofloxacin, tetracycline, fusidic acid,
mupirocin and aminoglycosides. In vitro, the best results were
obtained with linezolid, vancomycin, daptomycin, chloram-
phenicol and rifampicin.

Treatment outcomes in MSSE and MRSE groups.
Cases of severe and non-severe keratitis in MRSE and MSSE
groups with good clinical response after empirical treatment
are showed in Table 3. At 48-hour follow-ups, 20 (74%) cases
of MSSE keratitis presented with good clinical evolution, and
13 (81%) cases in the MRSE group (p= 0,719).

Of those with suboptimal clinical response (10/43; 23%),
the initial treatment was: quinolones (1, 1%; in MSSE group);
ceftazidime and tobramycin (3, 30%; 2 MRSE group and 1
MSSE group) and ceftazidime and vancomycin (6, 60%; 1
MRSE group and 5 MSSE group).

Of all the 19 cases of keratitis treated initially with com-
mercial ciprofloxacin, 18 (95%) cases showed a good clinical
evolution after 48 hours. The only patient with suboptimal
response was classified as severe keratitis in the MSSE group
(n=1; 5%).

In severe keratitis caused by MRSE, the ceftazidime and
vancomycin regime showed an 80% efficacy (4 out of 5), and
a 60% efficacy (3 out of 5) with ceftazidime and tobramycin

combination treatment, p>0,99. In MSSE group, treatment
with ceftazidime and tobramycin showed outcomes of 33%
and 75% respectively in severe keratitis and 50% and 100% in
non-severe, p>0,99

DISCUSSION

According to recommendations from the American Acad-
emy of Ophthalmology, bacterial keratitis are commonly treat-
ed with ciprofloxacin as empirical treatment [17]. However,
MRSE is associated with in vitro resistance to this antibiotic,
as well as to others commonly used in the ophthalmic clinical
practice such as tobramycin [12,18].

Some (75%) of the infections presented in this study re-
solved after antibiotic treatment with fortified topical antibi-
otics. The rest were treated with commercial ciprofloxacin, also
with good clinical response including severe cases. We found
no differences among the different treatment regimes in both
groups. Therefore, the evolution of the infection not only de-
pends on treatment, but other aspects such as patient's risk
factors or initial presentation of the lesion must also be taken
into account.

In case of progression to endophthalmitis, oral linezolid
may be a valid choice, since it has shown excellent antibacte-
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Table 3

Cases of severe and non-severe keratitis in MRSE and MSSE groups with

good clinical response after 48 hours of empirical treatment.

Severe (N=29)

Non-severe (N=14)

MRSE (N=13) MSSE (N=16) MRSE (N=3) MSSE (N=11) 0 total
Fluoroquinolones 3 (100%) 5 (83%) 3 (100%) 7 (100%) 18 (95%)
Ceftazidime + vancomycin 4 (809%) 2 (33%) 0 (0%) 1 (50%) 7 (54%)
Ceftazidime + tobramycin 3 (600%) 3 (75%) 0 (0%) 2 (100%) 8 (73%)

MRSE: methicillin-resistant Staphylococcus epidermidis, MSSE: methicillin-susceptible Staphylococcus epidermidis.

rial sensitivity and has a good intraocular penetration that has
been previously reported [19].

In the infectious pathology of the anterior pole of eye, oc-
ular microbiota are the most frequently documented causing
infection, showing that the border between commensal micro-
biota and pathogenic microorganism is increasingly thin. Pre-
vious studies highlight the colonization rate of Staphylococcus
species on the ocular surface of healthy eyes, with S. epider-
midis being the most frequently isolated microorganism [11,
12, 20]. The patient's medical history and a careful slit lamp
ophthalmologic evaluation are important to rule out possible
false positives from microbiological analysis.

These multidrug resistant bacteria are not rare findings in
the clinical practice. In this study, a rate of 37.2% of MRSE
is presented, which is similar to other publications [2,3]. Our
study supports the hypothesis that the loss of ocular surface
homeostasis can lead to corneal ulcers and stromal infiltration,
since the majority of cases were associated with risk factors.

In our experience, MRSE infections have shown to be clin-
ically similar to those caused by MSSE, as all the parameters
analyzed showed no statistical significance (follow-up time,
presence of risk factors, size of the lesion, anterior chamber
inflammation or clinical response at 48h check-up). However,
MRSE have shown to have higher in vitro resistances to com-
mon antibiotics.

Recent reports document multi-site infections with ex-
tremely resistant S. epidermidis to antibiotics, including lin-
ezolid, vancomycin, and teicoplanin [21,22]. This represents a
major health problem in the near future, not only related to
ophthalmological conditions but also to systemic infections
that could lead to the death of a patient.

We consider the relevance of the microbiological analysis
in all keratitis, not only in severe cases, in order to establish the
etiology and to adequately treat patients with specific medi-
cation, so as not to contribute to increase antibiotic resistance
in the future.

The main limitation of study is the small number of pa-
tients included, although to our knowledge there are no long
comparative series of S. epidermidis keratitis. Other limitations
are its retrospective design and the inherent differences in
clinical and therapeutic actions during patient management.

In order to minimize the risk of overdiagnosis and attribute the
etiology to the local eye microbiota, samples from the healthy
eye and the affected eye could have been analyzed in parallel,
in order to confirm the findings of the cultures.

MRSE is a frequent cause of keratitis at our institution,
especially in patients with ocular risk factors (eyelid abnormal-
ities, previous keratopathy, traumatism or contact lens use). In
our cohort, keratitis caused by MRSE and MSSE did not show
differences in their clinical presentation, but MRSE showed
multidrug resistance including resistance to fluoroquinolone
and tetracycline antibiotics.
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