www.nature.com/eye

ARTICLE

Wt
dE) The ROYAL COLLEGE o
OPHTHALMOLOGISTS

W) Check for updates

The burden of methicillin-resistant Staphylococcus aureus in the

delivery of eye care

D. A. Harford', E. Greenan', S. J. Knowles?, S. Fitzgerald? and C. C. Murphy'>™

© The Author(s), under exclusive licence to The Royal College of Ophthalmologists 2021

BACKGROUND: To describe the clinical presentation, burden and antimicrobial resistance of Methicillin-Resistant Staphylococcus
aureus (MRSA) eye infections and to recommend a streamlined protocol for the management of ocular MRSA colonisation detected
by pre-operative screening.

METHODS: A retrospective review of all ocular samples which resulted in the isolation of MRSA between 1°* of January 2013 and
31°" of December 2019 at the Royal Victoria Eye and Ear Hospital.

RESULTS: A total of 185 samples taken from the ocular surface were MRSA positive. The majority were MRSA colonisation of the
ocular surface obtained as part of an MRSA screen (139/6955 patients screened; 2%). Forty-six represented MRSA infections (46/
7904 eye samples; 0.58%), most occurring in older patients the majority of whom had known local or systemic risk factors for
colonisation. The most common presentation was conjunctivitis (n = 24), followed by pre-septal cellulitis (n =9). MRSA infections
with the poorest clinical outcomes and the longest inpatient stay, were keratitis (n = 6) and post-operative endophthalmitis (n = 2).
Our study demonstrated over 60% resistance to azithromycin, fusidic acid and ciprofloxacin, although resistance to
chloramphenicol was uncommon.

CONCLUSION: This study demonstrates that MRSA infections of the eye most commonly manifest as a mild infection, typically
conjunctivitis, and are generally non-sight threatening. The majority of presentations occur in the context of known MRSA risk
factors and in an older populous. Resistance to chloramphenicol is rare, thus it remains an excellent first line treatment. Its use to

eradicate MRSA from the ocular surface is proposed to streamline the delivery of surgical eye care.
Eye (2022) 36:1368-1372; https://doi.org/10.1038/5s41433-021-01643-6

INTRODUCTION

In an era of increasing drug resistant bacteria, Methicillin Resistant
Staphylococcus aureus (MRSA) is endemic in many healthcare
facilities. This has led to growing concern amongst healthcare
workers, patients and governments alike. From an ophthalmology
stand point, Staphylococcus aureus (SA) is a pertinent cause of
common presentations to eye departments, including that of
conjunctivitis and bacterial keratitis [1] and thus monitoring and
reducing the incidence of MRSA is prudent to clinical practice.

In Ireland there is a national policy for the prevention and
management of MRSA [2]. The rates of resistance differ across
health service networks, although this could be explained by the
capacity of different hospitals to implement such policies [2, 3]. On
the whole, MRSA infections in the Royal Victoria Eye and Ear
Hospital (RVEEH) ophthalmology department are uncommon. This
may be for a number of reasons; most patients do not have
prolonged hospital stays and are discharged on the day of
surgery, there are robust protocols on the prevention, diagnosis
and management of MRSA colonisation and infection, and the
innate immunity of the ocular surface strongly inhibits bacterial
population of the eye. The low incidence of MRSA-related eye
infection at RVEEH is in keeping with other ophthalmic centres,
with one study conducted by the Manchester Eye Hospital over a

44-month period showing that only 3% of SA infections were due
to MRSA [4]. Nevertheless, MRSA eye infections still occur and
reports are emerging of rising rates of antimicrobial resistance
leading to concern and a need for ongoing vigilance amongst all
clinicians [5].

The aim of this study was to describe the clinical manifestations,
departmental burden and antimicrobial resistance patterns of
MRSA eye infections and ocular carriage of MRSA in RVEEH, a large
tertiary eye hospital in Ireland.

METHODS
We conducted a retrospective review of all the MRSA positive ocular
samples taken over a 7-year period, from 1°° January 2013 to 31°
December 2019, at RVEEH, the national tertiary referral hospital in Ireland
for eye diseases. Cases were identified by reviewing the hospital
microbiology laboratory information system. The site that the sample
was taken from and the antibiotic sensitivity results were documented. The
patient records were reviewed and information regarding patient
demographics, clinical presentation, diagnosis, treatment and outcome
was obtained where possible.

In keeping with the National guidelines for the prevention and control of
MRSA, at-risk patients were screened for MRSA prior to admission for
elective surgery [3]. In this instance, ophthalmic patients had the
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Table 1. Table illustrating the frequency of positive MRSA pre-operative screens and ocular MRSA screens per annum during the review period.
Year No. of patients screened for MRSA carriage No. of patients MRSA positive from any screening No. of patients MRSA positive
(nose, throat, groin or eye swab) site (nose, throat, groin or eye swab) in eye swab
Number (percentage) Number (percentage)

2013 622 42 (6.7%) 15 (2.4%)

2014 688 39 (5.7%) 17 (2.5%)

2015 783 44 (5.6%) 13 (1.7%)

2016 1040 64 (6.1%) 25 (2.4%)

2017 1167 69 (5.9%) 29 (2.5%)

2018 1314 75 (5.7%) 29 (2.2%)

2019 1341 52 (3.9%) 11 (0.8%)

Total 6955 385 (5.5%) 139 (2%)

This data includes MRSA-positive samples due to ocular surface colonisation and excludes MRSA infections.

conjunctiva of both eyes swabbed for MRSA, as well as the nose, throat
and groin. A positive ocular swab in a patient lacking clinical signs or
symptoms of infection confirmed colonisation with MRSA. Patients who
screen positive for MRSA undergo a decolonisation procedure preopera-
tively (Chlorhexidine washes, Mupiricin nasal ointment and ocular
Chloramphenicol), as per the centre’s guidelines. Furthermore, in light of
the early findings of this review, patient’s whose MRSA status is known
preoperatively receive a dose of intracameral vancomycin surgical
antibiotic prophylaxis at cataract surgery to prevent MRSA-associated
endophthalmitis. Patients with clinical signs of ocular infection had
diagnostic samples taken as clinically indicated, such as corneal scrapings
and conjunctival swabs.

Swabs were transported to the laboratory in Amies transport medium.
All diagnostic eye swabs are inoculated onto Columbia blood agar and
chocolate agar. Agar plates are incubated at 35 °C in 5% CO, for 40-48 h.
Corneal scrapings were taken using a 21 gauge needle or scalpel. The
anaesthetised cornea was scraped and the sample was smeared in a C
shape directly onto blood, chocolate and sabouraud'’s dextrose agar. MRSA
screening swabs were inoculated onto Brilliance MRSA Il chromagar and
incubated aerobically at 35°C for 18-20h. Following incubation, agar
plates are examined daily for potential pathogens. Potential MRSA are
identified to species level and antibiotic susceptibility testing is performed
using VITEK® 2 (BioMerieux), according to European Committee on
Antimicrobial Susceptibility Testing (EUCAST) standards. MRSA are
confirmed using penicillin binding protein 2a latex agglutination and
cefoxitin disc diffusion testing. The laboratory is accredited to 1SO
15189 standards.

Statistical analysis was carried out using Microsoft Excel.

RESULTS

During the 7-year period a total of 185 ocular samples tested
positive for MRSA. These samples were taken as part of (a) pre-
operative MRSA screening (139; 75.14%) or (b) diagnostic
evaluation of patients with symptoms of eye infection (46;
24.86%). They were derived from conjunctival swabs (n=160),
corneal scrapings (n = 5), corneal swabs (n = 5), ocular fluid (n =
2), a contact lens (n=1), and in 12 cases of screens the ocular
sampling site was not specified. Table 1 illustrates the annual
frequency of ocular MRSA colonisation detected from pre-
operative MRSA screening.

The number of patients screened for MRSA increased from 2013
to 2019 in line with the increase in cataract surgery activity at the
hospital and especially following the opening of a dedicated
cataract operating theatre in 2016.

During the study period eye swabs, corneal scrapings and
ocular fluids were obtained for diagnosis of infection. Forty-six
MRSA infections were identified. See Table 2 for the occurrence of
ocular MRSA infections during the review period.

Twenty-nine (63%) of the ocular MRSA infections occurred in
patients over the age of 65 years. 54.3% (n = 25) had one or more
local risk factors for MRSA and 65.2% (n =30) had one or more
systemic risk factors for MRSA (see Supplementary Tables 1 and 2).
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Table 2. Ocular samples obtained from patients with suspected
infection and MRSA associated infections between 1% January 2013
and 31°* December 2018.

Type of ocular sample Number Number MRSA
received

Conjunctival swab 6459 39 (0.6%)

Corneal scraping 998 5 (0.5%)

Ocular fluid (vitreous or 447 2 (0.45%)

aqueous)

Total 7904 46 (0.58%)

Conjunctival swabs were taken for conjunctivitis, preseptal cellulitis,
blepharitis, orbital cellulitis and canaliculitis presentations. Corneal scrap-
ings were taken for keratitis cases and ocular fluid for endophthalmitis
presentations.

Clinical presentation of MRSA ocular infections

Conjunctivitis. There were 24 cases (52.2% of MRSA infections) of
conjunctivitis identified over the 7-year period, making conjuncti-
vitis the most common ocular manifestation of MRSA at this
centre. Of those, two cases were a polymicrobial infection; one
with Moraxella and one with Neisseria gonorrhoea. The mean age
of presentation was 66 years (standard deviation SD 22.53).

On initial presentation, the most commonly prescribed topical
treatment was Chloramphenicol (CPL, n=13), seven as a
monotherapy regime (one drop QDS) and six in conjunction with
topical azithromycin (one drop BD). The remainder of the patients
were commenced on an alternative topical first line single agent;
azithromycin (n=2), fusidic acid (one drop BD) (n=1) and
acyclovir (one drop five times a day) (n=1). All four of these
patients were changed to topical CPL once MRSA infection was
confirmed. One patient who had started CPL, was unable to
tolerate the treatment due to ocular pain side effects and was
subsequently changed to fusidic acid. Two cases were presumed
non-infectious on presentation, but were commenced on treat-
ment once microbiology results returned, one with fusidic acid
and another with vancomycin. All of the infections resolved fully
with treatment.

Pre-septal cellulitis. The second most common MRSA infection
was pre-septal cellulitis (n=9, 19.6%). The mean age of
presentation was 61 years (standard deviation 23.9). Two patients
required hospital admission for IV antibiotics, with an 8- and 4-day
length of hospital stay, respectively. The most commonly
prescribed systemic antibiotic for pre-septal cellulitis was oral
Co-amoxiclav (n = 6) and all resolved on this treatment. Although
MRSA may well have caused the preseptal cellulitis and responded
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to Co-Amoxiclav, it may also be true that the positive MRSA
culture was due to colonisation and possibly another pathogen
caused the cellulitis. All patients except for one were prescribed
concurrent CPL drops (one drop QDS). No treatment changes
were recorded following the availability of microbiology results.
Only one case occurred without any predisposing local or
systemic MRSA risk factors.

Keratitis. Six (13%) cases of keratitis were recorded during the
study period. Of note, one patient was positive for MRSA on a
corneal swab. In the other five patients, MRSA was detected from
the corneal scraping. All patients had multiple systemic and local
co-morbidities. The mean age of presentation was 75 years (SD
18.81). All patients were treated empirically with topical vanco-
mycin (one drop hourly) and ceftazidime (one drop hourly) and
intravenous vancomycin was administered to one patient. Five
patients required hospital admission for a period ranging from
4 days to 4 weeks. Resolution of the infection was achieved with
topical therapy in 3 of the patients. Three of the patients
underwent tarsarrhaphy. One patient required an enucleation for
a persistent hypopyon and corneal abscess in a blind eye. In the
remaining patients the final visual acuity was 6/6, 6/9, 6/20, and
counting fingers (CF) in two patients.

Postoperative endophthalmitis. There were two cases of post-
operative endophthalmitis caused by MRSA. The affected patients
were elderly and presented within the first few days’ post
uneventful phacoemulsification surgery. Both patients were
treated with intravitreal and intensive topical vancomycin (one
drop hourly) and ceftazidime (one drop hourly). One received oral
moxifloxacin and the other intravenous ciprofloxacin and
vancomycin. The duration of in-patient care was 9 and 13 days,
respectively. The final visual acuity was CF in both patients.

Orbital cellulitis. There was one case of polymicrobial orbital
cellulitis. MRSA and Pseudomonas aeruginosa grew on culture from
a conjunctival swab. It occurred in an elderly patient following a
split thickness skin graft following evisceration for squamous cell
carcinoma. They had multiple systemic comorbidities including
local and systemic risk factors for MRSA colonisation. Resolution of
the infection occurred rapidly in response to systemic ciproflox-
acin and topical chloramphenicol (one drop QDS).

Blepharitis. Three patients presenting with blepharitis symptoms
and signs tested positive for MRSA on conjunctival swab. The
mean age of presentation was 77 (SD 18.8) years. Two of the
patients were treated with a course of fusidic acid drops (one drop
BD) and the other with CPL ointment (QDS). All three infections
resolved fully with treatment.

Canaliculitis. There was one case of canaliculitis. This occurred in
a patient with no local or systemic risk factors for MRSA. It resolved
with a course of oral Co-amoxiclav combined with topical CPL
(one drop QDS) and dexamethasone ointment. Systemic MRSA
antibiotics were not required.

Antibiotic sensitivity analysis. MRSA positive samples from the eye
were tested for antimicrobial resistance. Data was available from
2016 and 124 samples in total were analysed. The available results
over the study period are shown in Table 3. MRSA detected from
diagnostic samples and MRSA screens were included in the
antibiotic analysis.

MRSA isolates from the eye were found to have a very low
resistance to chloramphenicol and high resistance rates to fusidic
acid and azithromycin, which are commonly used to treat
conjunctivitis. Ciprofloxacin had the highest rates of resistance.
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Table 3. Antimicrobial resistance among all ocular MRSA isolates.

n CPL AZM CIP CDM FA GEN
2016 36 3% 69% 90% 71% 58% 15%
2017 38 3% 58% 82%  52% 59% 0%
2018 36 0% 72% 78%  69% 75% 0%
2019 14 7% 64% 86%  64% 50% 7%

Total 124 2.4% 66.1% 83% 64.5%% 62% 4.8%

CPL chloramphenicol, AZM azithromycin, CIP ciprofloxacin, COM clindamy-
cin, FA fusidic acid, GEN gentamicin.

DISCUSSION

In this 7-year review of MRSA eye infections and MRSA
colonisation of the ocular surface detected at routine pre-
operative screening at a specialist eye hospital, we have observed:
(1) MRSA ocular infections do not represent a significant disease
burden; and (2) pre-operative MRSA colonisation of the ocular
surface is uncommonly detected in patients deemed to be at high
risk of MRSA colonisation based on their medical and social
history.

MRSA is a significant burden within many healthcare settings
and is clinically significant. The Irish Health Protection
Surveillance Centre reports that MRSA as a proportion of all S.
aureus blood stream infection in Irish acute hospitals were
19.9% in 2013, 19.3% in 2014, 18.1% in 2015, 14.4% in 2016,
16.1% in 2017 and 12.4% in 2018 [6]. When contrasted to an
ophthalmic setting, we demonstrate that MRSA positive eye
swabs remained relatively low highlighting that MRSA in the
eye is of less clinical significance than other healthcare settings.
These low rates are in line with other single centre studies that
have investigated the incidence of MRSA in ophthalmology
departments [7].

We have shown that a majority of cases had a mild clinical
presentation and had a favourable response to first line agents.
Over a seven-year period there was a total of 46 cases of infection-
related MRSA samples, with conjunctivitis being the most
prevalent, as expected [4, 8, 9]. These eye infections predomi-
nantly presented with a modest clinical picture and were not sight
threatening, in keeping with other published reports [8, 10]. MRSA
keratitis and post-operative endophthalmitis were clear excep-
tions to this in our series owing to the poor visual outcomes in
affected patients. One anomaly we have noted in our series was
within the category of patients with reported MRSA involving pre-
septal cellulitis infection. Six of these cases were successfully
treated with a course of oral Co-amoxiclav. This would suggest
that these swabs may have represented co-colonisation of MRSA
within the context of another infection, possibly lowering
furthermore the true toll of MRSA infection in eye departments.

MRSA infections frequently responded well to treatment, as
first-line chloramphenicol cited in the hospital’s guidelines have
maintained its efficacy, in line with other studies [11]. However,
high level of resistance was identified with fusidic acid,
azithromycin and fluoroquinolones. Hospital acquired MRSA is
more common than community acquired MRSA and is usually
associated with a broader spectrum of antibiotic resistance [12]. As
older patients tend to be exposed to the healthcare environment
more frequently, they are the cohort group most likely to contract
MRSA. This was in keeping with our results with most affected
patients being over the age of 65 years and having associated risk
factors. The local and systemic risk factors identified in this study
support current knowledge that MRSA tends to be present in
high-risk groups. The ability to identify a patient being at high risk
of MRSA can help guide antimicrobial management of the
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presentation. Moreover, it is likely that the majority of patients
attending eye departments for elective surgical procedures are
within a MRSA high-risk cohort because of the age-related nature
of cataract surgery.

National guidelines require patients who test positive for MRSA
to undergo decolonisation and subsequently have three negative
screens prior to elective procedures. This places a burden on
nursing staff and employees who process swab results, as well as
extending wait times for procedures. These findings are of
particular importance during the COVID-19 pandemic as wait
times for many procedures have been extended. From an
epidemiological standpoint, it is important that screening for
patients with MRSA in healthcare environments continues. In
doing so, decolonisation of patients attending for elective surgery
can be completed prior to their admission, thus reducing
transmission and risk of MRSA-related infection [13, 14]. It is also
imperative to identify these patients in the context of ocular
surgery, as being MRSA positive alters recommendations on
antimicrobial prophylaxis practice given intraoperatively. Instead
of receiving intracameral cefuroxime, colonised patients should
instead receive vancomycin as standard practice [15]. The dismal
visual outcomes associated with MRSA related endophthalmitis
versus methicillin sensitive SA reported in the literature [16], and
in the two cases described in our series, stresses the importance
of robust and ongoing surveillance programs and appropriate
antibiotic stewardship in the context of intraocular surgery.
However, ensuring three negative screens prior to surgery places
a burden on the delivery of care. It is our opinion that a course of
pre-operative Chloramphenicol drops combined with MRSA
decolonisation immediately pre-operatively and the use of
intracameral vancomycin in patients with proven MRSA colonisa-
tion of the ocular surface would provide sufficient prophylaxis
against the development of MRSA post-operative endophthalmi-
tis. We are in the process of implementing this change in practice
in our hospital and will continue to audit the clinical outcomes of
our MRSA policy.

This study is limited by its retrospective nature. The time to heal,
dosage of antibiotics and definition of clinical resolution were
limited by the retrospective nature of the study.

Secondly, this is a single centre study with overall small
numbers of MRSA which results in a limited generalisability.
Finally, hospital and community acquired MRSA often present
differently with different antimicrobial resistance patterns. PVL
typing was not done on our patient cohort and we used exposure
to a healthcare environment alone as a determinate of hospital-
acquired MRSA.

CONCLUSION

There are no national guidelines for the management of MRSA
specifically in eye care settings. Our series demonstrates that
MRSA infections of the eye are generally mild and non-sight
threatening. However, keratitis and endophthalmitis MRSA
infections have significant morbidity. The majority of presenta-
tions of MRSA eye infections occur in the context of a known
MRSA risk factor. Resistance to chloramphenicol is rare as
borne out by both antibiotic sensitivity results and clinical
response to treatment. Topical chloramphenicol is an excellent
first line choice of therapy for suspected or proven MRSA eye
infections and for eradicating MRSA from the eye pre-
operatively. The findings of this study support the continued
pre-operative screening of patients for MRSA and the use of
prophylactic topical chloramphenicol and intracameral vanco-
mycin but also supports eliminating the need for repeated
MRSA negative conjunctival swabs prior to proceeding with
surgery.
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SUMMARY

What was known before

® MRSA is endemic to many healthcare facilities but it's
burden on eye departments is not known. There is a need to
characterise ocular MRSA clinical manifestations so that
antimicrobial guidelines are appropriate to ophthalmology.

What this study adds

® This study demonstrates that MRSA infections of the eye
most commonly manifest as a mild infection and are
generally non-sight threatening. The majority of presenta-
tions occur in the context of known MRSA risk factors and in
an older populous.
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