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BACKGROUND/OBJECTIVES: To report the incidence, microbiological profile and in-vitro antimicrobial susceptibilities of microbial
keratitis (MK) in the East of England (EoE) over a 6-year period.
SUBJECTS/METHODS: A retrospective study of patients diagnosed with MK who underwent corneal scraping at participating
trusts, within the EoE, between 01/01/2015–01/07/2020. Analysis was performed on MK isolate profiles, in-vitro anti-microbial
sensitivities and trends over time.
RESULTS: The mean incidence of IK, in the EoE, was estimated at 6.96 per 100 000 population/year. 1071 corneal scrapes were
analysed, 460 were culture positive (42.95%) of which 87.2% were bacteria (50.3% gram-positive and 49.7% gram-negative), 2.4%
polymicrobial, 9.3% fungi and 1.1% acanthamoeba. The most common organisms were pseudomonas spp (29.57%). There was a
non-statistically significant trend (NST) in increasing incidence of pseudomonas spp, staph aureus and serratia (p= 0.719, p= 0.615,
and p= 0.099 respectively) and a declining NST in Fungi (p= 0.058). Susceptibilities in-vitro to, penicillin classes, fluoroquinolone
and aminoglycosides were 76.7% and 89.4%, 79.2% and 97.2% and 95.4 and 96.1% to gram-positive and gram-negative bacteria
respectively. Gram-negative organisms were increasingly resistant to cephalosporins with a 19.2% reduction in sensitivity over time.
(p= 0.011). Ceftriaxone showed the greatest decrease in sensitivity of 41.67% (p= 0.006).
CONCLUSION: In the EoE, MK is relatively prevalent though likely underestimated. Profiles are similar to other UK regions with the
exception of a higher fungal and lower acanthamoeba incidence. Common first and second-line antimicrobial selection provides,
on the whole, good coverage. Nevertheless, anti-microbial resistance, to cephalosporins, was observed so selection should be
carefully considered when treating MK empirically.
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INTRODUCTION
Microbial keratitis (MK) remains a significant cause of ocular
morbidity in the UK. With an incidence of 3.3–52.1 per 100,000,
the condition is regularly seen in ophthalmic emergency services
making up 3.3% of attendees [1–4].
Early treatment reduces the risk of corneal scarring, vascular-

isation, or perforation necessitating corneal transplant [5].
Treatment is initiated with broad spectrum empirical antibiotics,
based on local epidemiological data, prior to targeted treatment
guided by corneal scraping for gram-stain, culture and
sensitivity [1, 5].
Studies in the UK have reported rising anti-microbial resistance,

with a propensity toward harder to treat organisms varying by
region [3, 6–8]. Accordingly, epidemiological studies to guide
empirical anti-microbial choice are essential. MK isolates, their

incidence and corresponding sensitivities have not been pre-
viously reported in the East of England (EoE).
We aim to report the incidence, microbiological profile and in-

vitro antimicrobial susceptibilities of MK in the EoE for the past
6 years.

MATERIALS/SUBJECTS AND METHODS
A retrospective study of patients diagnosed clinically with
infectious keratitis (IK) who subsequently underwent corneal
scraping. Clinically suspected or PCR samples of viral keratitis
were excluded. All corneal scrape specimens reviewed by
microbiology departments in participating trusts within the
EoE between 01/01/2015-01/07/2020 were included. Hospitals
participating were: Broomfield, Cambridge-University Hospitals,
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Colchester, Hinchingbrooke, Ipswich, Southend-University Hos-
pital, and Norfolk and Norwich University Hospitals.
A corneal scrape kit consists of a glass slide and several agar

plates including: Blood, Chocolate (6% CO2, at 37 °C) and
Sabouraud’s Dextrose Agar (air at 30 °C). Depending on clinical
suspicion, in cases of contact lens (CL) IK, samples were sent for
acanthamoeba PCR.
Corneal infective tissue was obtained with a sterile needle with

separate instruments utilised for each culture medium to prevent
cross-contamination whilst inoculating agar plates. Scrapes were
taken prior to antibiotic installation unless treatment had been
initiated by an external provider, or topical antibiotics withheld for
24 h if the scrape had to be repeated in cases of non-responsive
keratitis. When repeat scrapes were taken, they were counted as a
single episode and only included if the species or sensitivity
differed from the first sample.
Data was collected using pro-forma including hospital trust,

number, date of scrape, gram-stain, isolates and antimicrobial
susceptibilities. Organisms were classified as gram-positive
bacteria, gram-negative bacteria, acanthamoeba or fungi. We
defined polymicrobial keratitis as MK caused by 2≤ organisms
from a single episode of infection.
We determined the incidence of MK in the EoE by estimating

the population size from 2015–2019. This was achieved, utilising
Office of National Statistics Data [9]. We did not calculate
an incidence for 2020, due to a lack of a full year worth of
data.
As a retrospective chart review, ethics approval was not

required. The study was conducted in accordance with the tenets
of the Declaration of Helsinki

Statistical analysis
Analysis was performed using SPSS V.24.0 (IBM SPSS Statistics for
Macintosh).
For the purposes of description and analysis of trends, the study

period was divided into two groups of three years: 2015–2017 and
2018–2020.

As the data analysed was categorical, normality was not
required to be assessed. Comparison between groups were
reviewed using Pearson’s Chi- Square or Fisher’s exact test.
When a variable was <5, Fisher’s was performed for comparison
between groups. P value of ≤0.05 was considered statistically
significant.

RESULTS
Incidence and isolate trends
The mean incidence of IK, in the EoE, over the six-year period, was
estimated at 6.96 per 100,000 population/year (95% CI, 3.35–10.56
per 100,000 population/year r=−0.029 p= 0.957). The incidence
of IK was found to increase and then stabilise between 2015–2018
then decline in 2019 (Fig. 1).
1071 corneal scrapes were analysed with a mean patient age of

63.5 ± 19.1 (range 12.0–95.0) of which 53.2% were male and 46.8%
female. Of 1071 scrapes, 460 were culture positive (42.95%) of
which 87.2% were bacteria (50.3% gram-positive and 49.7% gram-
negative), 2.4% polymicrobial, 9.3% fungi and 1.1% acanthamoeba
(Fig. 2). From scrapes with sensitivity data, the average number of
antimicrobials tested was 4.32 (range 1–12). We estimate 65.9% of
our IK cases originating from rural localities calculated utilising
Urban-Rural Classification Tables [10]. Each locality, served by
participating hospitals, was categorised into either urban or rural.
The percentage of rural regions as proportion of total localities
generated an approximate figure for IK cases originating from
rural localities.
The most commonly isolated organisms were pseudomonas

spp (29.57%), staphylococcus aureus (SA) (13.04%), coagulase
negative staphylococcus (CNS) spp (8.70%) and streptococcus spp
(7.39%). There was a non-statistically significant trend (NST) in
increasing incidence of pseudomonas spp, SA, streptococcus spp
and serratia over the study period (p= 0.719, p= 0.615, p= 0.575
and p= 0.099 respectively). Conversely, there was a declining NST
in CNS and Fungi with the latter almost halving (p= 0.135 and
p= 0.058 respectively). There was a NST doubling in the positive

Fig. 1 Incidence of IK in EoE.
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culture rates for acanthomoeba between the two time periods
from 0.78% to 1.5% (p= 0.658) (Fig. 3).

Antimicrobial susceptibility
Gram-positive. Susceptibilities in-vitro to chloramphenicol, peni-
cillin classes, fluoroquinolone, aminoglycosides and glycopeptides
were 83.6% (92/110), 76.7% (56/73), 79.2% (42/53), 95.4% (104/
109) and 93.5% (43/46) respectively (Figs. 4, 5). Average sensitivity
of gram-positive organisms to common antimicrobial agents,
which include glycopeptides, chloramphenicol and fluoroquino-
lones, is 84.9%. However, streptococcus spp were found to be less
susceptible to aminoglycosides (66.7%) compared to other gram-
positive organisms (≥90% p > 0.05). Organisms, such as SA and
streptococcus spp, achieved 100% sensitivities to fluoroquino-
lones, whilst CNS and staphylococcus epidermidis were less
susceptible (57.1% and 66.7% respectively p > 0.05).

Gram-negative. Susceptibilities in-vitro to cephalosporins, peni-
cillin classes, fluoroquinolone, aminoglycosides and colistin were
91.8% (56/61), 89.4% (126/141), 97.2% (69/71), 96.1% (147/153)
and 98.0% (49/50) respectively (Figs. 4, 5). The average sensitivity
of gram-negative organisms to common antimicrobial agents,
which include aminoglycosides, fluoroquinolones and cephalos-
porins, is 94.3%. However, serratia spp were less susceptible to
cephalosporins (66.6%) compared to other gram-negative organ-
isms (≥90% p > 0.05).

Fungi. All fungi, were found to be susceptible to all anti-fungal
agents tested (Figs. 4, 5).

Trends. Antimicrobial sensitivity to gram-positive and gram-
negative organisms remained stable as a NST (p= 0.990 and
p= 0.418). Gentamicin, fluoroquinolones and clindamycin were
possibly less effective against gram-positive organisms over time
with a 3.8%, 4.1% and 20.4% reduction in effectiveness

respectively (p= 0.621, p= 0.732 and p= 0.182). Gram-negative
organisms were increasingly resistant to cephalosporins, a 19.2%
reduction in sensitivity over the study period. (p= 0.011).
Cephalosporins under investigation were: ceftriaxone, ceftaza-

dime, cefpodoxime and cefuroxime. Ceftriaxone showed the
greatest decrease in sensitivity of 41.67% (p= 0.006). Other
cephalosporins investigated maintained sensitivities of 100%, to
gram-negative organisms over time.
Penicillin class antimicrobials, aminoglycosides and fluoroquino-

lones appeared to remain effective against gram-negative organ-
isms (p= 0.078, p= 0.214 and p= 1.000 respectively) (Fig. 4).

DISCUSSION
MK remains a challenge to countries across the globe [11]. This is
the first study reporting the incidence, isolate profiles and their in-
vitro anti-microbial susceptibilities in EoE.
We found, 42.95% of corneal scrapes were culture positive, in

range of other published studies (32.6–54%) [3, 6, 7, 11, 12]. Low
culture-positivity may be attributed to a low threshold for
performing scrapes which were encouraged at our institutions
leading to samples being taken for non-infectious aetiologies e.g.
marginal keratitis. Low yields may also be a consequence of: poor
technique, inadequate sampling and antimicrobial use, such as
chloramphenicol, in primary care and A&E, prior to scraping.

Incidence
A range of estimates exist for IK incidence across the UK. Urban and
Rural localities, such as Nottingham and the West of Scotland have
widely different values at 34.7 and 3.3 per 100,000/year respectively
[2, 3, 13]. Our study found a rate comparable to the latter at 6.96 per
100,000 population/year [2, 3, 13]. However, this could be an
underestimation for several reasons. Peripheral and small ulcers,
may have been treated empirically without scraping. A degree of
cross-cover exists from hospitals in other regions. Any data from EoE

Fig. 2 Proportion (%) of Isolates in EoE. Graphical representation of the proportion (%) of isolates in the East of England, UK between 2015-
2020.

M. Moledina et al.

2718

Eye (2023) 37:2716 – 2722



patients, treated elsewhere would be excluded. Finally, we found
the incidence of IK declining in 2019 during the COVID-19
Pandemic. This is likely due to a well-documented, reduction in
the presentation of ocular emergencies including MK [14].
Ting and colleagues noticed a stable trend in IK cases in

Nottingham whilst Ibrahim et al found an upward trend in
Portsmouth. Our review identified an increasing trend akin to the
latter study till the pandemic [2, 3]. Hypotheses’ to explain this trend
include: an increasing uptake of CL wear in the population [15], and
an increasing number of elderly patients, with ocular comorbidities,
who are predisposed to IK from serratia or Moraxella [16–19].
Variations of IK between urban and rural localities may be

explained by CL wear, age, deprivation, demographics and co-
morbidities. Older individuals are less likely to opt for CL wear with
peak usage between the ages of 25–44. The EoE and other rural
localities have older populations compared to other UK regions
[20, 21]. A lack of CL use, relative to the population average, may
help to explain the lower incidence of IK in rural localities.

Isolate profiles
Pathogens, responsible for MK, vary with climate, region and
demographics [8]. Bacteria and Fungi are the commonest isolates
in developed and developing nations respectively. Several factors
including population behaviours, e.g., CL use, climate and
occupational differences may explain this disparity [8].
In our study, the most common isolates were bacteria (89.6%)

followed by fungi (9.3%) the former is comparable but the latter is
higher than equivalent UK studies [3, 6, 7]. This may be attributed
to our region having a large rural farming population where
vegetative trauma associated injuries are more prevalent com-
pared to urban localities [10].
Within bacterial isolates, we observed gram-positive bacteria, as

most prevalent responsible for 50.4% of all bacterial isolates, in-
line with other UK reviews. Nevertheless, the magnitude of
difference, between gram-positive and negative organisms, was
smaller relative to any other study [3, 6, 7, 11, 12]. Some studies,
performed years earlier, had shown a decreasing trend of gram-
positive organisms whilst gram-negatives remained stable or even
increased [6, 12]. Our study perhaps shows the consequence of
these long-term trends identified earlier.
Of gram-positive isolates, SA was most common followed by

CNS in contrast to older studies where CNS was most prevalent
[2, 7, 11, 12]. Recent studies have shown a declining trend of CNS

with an increasing trend of SA with others finding SA to be the
commonest gram-positive organism [3, 6]. The pathogenic role of
CNS, in immunocompetent patients, has been controversial.
Determining between pathogenic isolates and contaminants
remains challenging. A declining trend in CNS could be due to
improved acquisition and laboratory technique, reducing com-
mensal contamination of samples [22].
Previous UK studies, identified gram-positive organisms, most

commonly CNS, to be most prevalent [6, 7, 11, 12]. However, our
results identified Psuedomonas spp to be most common (29.57%)
as per other recent studies (23.6%) [3]. Earlier reviews have shown
a declining trend of gram-positive organisms with an increasing
number of gram-negative with pseudomonas as the commonest
gram-negative species. Recent papers, such as ours, possibly show
the culmination of these long-term trends as a consequence of
greater CL wear in the population [3, 6, 12, 15, 19].
Authors have noted an increasing trend or stable infection rates

of moraxella species in different UK regions [3, 6, 7, 11, 12].
Contrary to this, our data shows a decline in moraxella (p= 0.308)
and an increase in serratia keratitis (5.2% p= 0.099). Both serratia
and moraxella species afflict the elderly, those with ocular surface
disease and on multiple topical treatments e.g., glaucoma patients
[16, 17]. Like other regions in the UK, we have seen rising numbers
of such patients due to an ageing population with complex health
needs, explaining an increase in both serratia and moraxella cases.
However, serratia tends to thrive in water and soil whilst moraxella
is found in the Upper Respiratory Tract and flourishes in colder
environments [18, 23] Several studies, noting a rise in Moraxella,
cases were performed in large urban centres such as Nottingham
and Manchester, favouring moraxella infection over serratia in
their at-risk groups. In the EoE, with our large rural populations,
the inverse may be true, explaining our findings.
We identified a 5.2% reduction in fungal isolates (p= 0.058)

consistent with the literature, where a similar pattern of increasing
yeast coupled with a decline in filamentous isolates resulted in a
net reduction of fungal keratitis [11]. Other papers have shown
stability of fungal keratitis or an increasing trend [3, 6, 12]. Risk
factors for yeast keratitis (YK) include, poor ocular surface and
chronic steroid use whilst for Fusarium spp, a common cause of
filamentous keratitis (FK), trauma and CL use are risk factors
[24, 25] The decline in FK observed may be due to a relative
reduction in CL wear during the pandemic coupled with fewer
vegetation associated traumatic injuries influenced by lockdowns.

2015-2017 2018-2020 Total P Value
064202852smsinagrO

Gram posi�ve 110/258(42.6) 92/202 (45.5) 202/460 (43.9) 0.533
Coagulase-nega�ve Staphylococci 26/110 (23.6) 14/92 (15.2) 40/202 (19.8) 0.135

Staphylcoccus Epidermidis 16/110 (14.5) 17/92 (18.5) 33/202 (16.3) 0.451
Staphylcoccus Aureus 31/110(28.2) 29/92 (31.5) 60/202 (29.7) 0.605

Streptococcus spp 20/110 (18.2) 14/92 (15.2) 34/202 (16.8) 0.575
Bacillus spp 7/110 (6.4) 4/92 (4.3) 11/202 (5.4) 0.529

Other 10/110 (9.1) 14/92 (15.2) 24/202 (11.9) 0.180

Gram nega�ve 110/258 (42.6) 89/202 (44.1) 199/460 (43.3) 0.760
Pseudomonas 74/110 (67.3) 62/89(69.7) 136/199 (68.3) 0.719
Moraxella spp 15/110 (13.6) 8/89 (9.0) 23/199 (11.6) 0.308

Serra�a 3/110 (2.7) 7/89 (7.9) 10/199 (5.0) 0.099
Other 18/110 (16.4) 12/89(13.5) 30/199 (15.1) 0.572

Mixed Growth 6/258 (2.3) 5/202 (2.5) 11/460 (2.4) 1.000

Fungi 30/258(11.6) 13/202 (6.4) 43/460 (9.3) 0.058
Yeast 19/30 (63.3) 10/13 (76.9) 29/43 (67.4) 0.491

Filamentous 11/30 (36.7) 3/13 (23.1) 14/43(32.6) 0.491

Acanthomoeba 2/258 (0.78) 3/202 (1.5) 5/460 (1.1) 0.658

Fig. 3 Microbiological Profiles of IK in EoE. Summary of microbiological profiles of infectious keratitis in the East of England, UK, between
2015–2017 and 2018–2020.
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2015-2017 N (%) 2018-2021 N (%) Total  N (%) P value
Gram Posi�ve 342 262 604 N/A

286/342(83.6) 219/262 (83.6) 505/604 (83.6) 0.990
Chloramphenicol 50/62 (80.6) 42/48 (87.5) 92/110 (83.6) 0.335

Fusidic Acid 22/33 (66.7) 31/39 (79.5) 53/72 (73.6) 0.219
Fluoroquinolones 29/36 (80.6) 13/17 (76.5) 42/53 (79.2) 0.732

Vancomycin 22/24 (91.7) 18/19 (94.7) 40/43 (93.0) 1.000
Cephalosporin 1/3 (33.3) 1/3 (33.3) 2/6 (33.3) 1.000

Tetracycline 12/20(60.0) 4/6 (66.7) 16/26 (61.5) 1.000
Penicillin Class 31/39 (79.5) 25/34 (73.5) 56/73 (76.7) 0.548
Glycopep�de 24/26 (92.3) 19/20 (95.0) 43/46 (93.5) 1.000

Macrolide 31/34 (91.2) 17/20 (85.0) 48/54 (88.9) 0.659
All Aminoglycosides 55/57 (96.5) 49/52 (94.2) 104/109 (95.4) 0.668

Gentamycin 40/41 (97.6) 45/48 (93.8) 85/89 (95.5) 0.621
Clindamycin 16/17 (94.1) 14/19 (73.7) 30/36 (83.3) 0.182
Rifmapicin 15/15 (100.0) 4/4 (100.0) 19/19 (100.0) N/A

Gram Nega�ve 371 255 626 N/A
343/371(92.5) 240/255 (94.1) 583/626(93.1) 0.418

Chloramphenicol 16/23 (69.6) 13/16 (81.3) 29/39 (74.4) 0.480
Fusidic Acid 3/3 (100.0) N/A 3/3 (100.0) N/A

Fluoroquinolones 50/52 (96.2) 19/19 (100.0) 69/71 (97.2) 1.000
Vancomycin 4/4 (100.0) 0/1 (0.0) 4/5 (80.0) 0.200

Cephalosporin 35/35 (100.0) 21/26 (80.8) 56/61 (91.8)
Tetracycline 6/6 (100.0) 3/3 (100.0) 9/9 (100.0) N/A

Penicillin Class 71/83 (85.5) 55/58 (94.8) 126/141 (89.4) 0.078
Colis�n 28/29 (96.6) 21/21 (100.0) 49/50 (98.0) 1.000

Macrolide 11/11 (100.0) 3/4 (75.0) 14/15 (93.3) 0.267
Meropenum 11/12 (91.7) 12/12 (100.0) 23/24 (95.8) 1.000

All Aminoglycosides 76/81 (93.8) 71/72 (98.6) 147/153 (96.1) 0.214
Gentamycin 58/60 (96.7) 60/61 (98.4) 118/121 (97.5) 0.619
Rifmapicin 26/26(100.0) 20/21 (95.2) 46/47 (97.9) 0.458
Clindamycin 6/6 (100.0) 2/2 (100.0) 8/8 (100.0) N/A

Fungal 40 14 54 N/A
40/40 (100.0) 14/14 (100.0) 54/54(100.0) N/A

Voriconazole 8/8 (100.0) 4/4 (100.0) 12/12 (100.0) N/A
Micafungin 8/8 (100.0) 2/2 (100.0) 10/10 (100.0) N/A

Caspofungin 8/8 (100.0) 2/2 (100.0) 10/10 (100.0) N/A
Fluconazole 8/8 (100.0) 2/2 (100.0) 10/10 (100.0) N/A

Amphotericin B 8/8 (100.0) 4/4 (100.0) 12/12 (100.0) N/A

0.011

Fig. 4 Antimicrobial Susceptibility of IK in EoE. Summary of antimicrobial susceptibility of infectious keratitis in the East of England, UK,
between 2015–2017 and 2018–2020.

Chloramphenicol N (%) Fusidic Acid N (%) FluoroquinolonesN (%) Vancomycin N (%) Cephalosporins N (%) Tetracyclines N (%) Penicillin Class N (%) Colis�n N (%) Macrolides N (%) Meropenum N (%) Aminoglycosides N (%) Gentamycin N (%) Rifmapicin N (%) Clindamycin N (%) Glycopep�des N (%) Total
Organism
Bacteria

Gram Posi�ve 112 74 55 43 6 29 73 1 56 N/A 113 91 21 36 46 622
93/112 (83.0) 54/74 (73.0) 43/55 (78.2) 40/43(93.0)  2/6 (33.3) 17/29 (58.6) 56/73(76.7)  1/1 (100.0) 50/56 (89.3) N/A 108/113 (95.6) 87/91 (95.7) 21/21 (100.0) 30/36 (83.3) 43/46 (93.5) 518/622 (83.3)

Coagulase-nega�ve Staphylococci  11/15 (73.3)  6/10 (60.0)  4/6 (66.7)  6/6 (100.0)  0/1 (0.0)  1/2 (50.0)  4/8 (50.0) N/A  5/6 (83.3) N/A  16/17 (94.1)  13/13 (100.0)  3/3(100.0)  4/4 (100.0)  6/6 (100.0) 60/78 (76.9)
Staphylcoccus Epidermidis  16/21 (76.2)  11/24 (45.8)  8/14 (57.1)  5/6 (83.3) N/A 4/9 (44.4)  3/6 (50.0) N/A 8/9 (88.9) N/A 30/33 (90.1)  21/24 (87.5) 9/9 (100.0) 0/3 (0.0)  5/6 (83.3) 94/134 (70.1)

Staphylcoccus Aureus  32/39 (82.1)  29/29 (100.0)  18/19 (94.7)  21/21 (100.0)  0/2 (0.0)  6/10 (60.0)  26/28 (92.9) N/A 18/22 (81.8) N/A  42/42 (100)  36/36 (100.0)  5/5(100.0) 13/14 (92.9)  24/24 (100.0) 213/234 (91.0)
Streptococcus spp  14/15 (93.3)  1/1 (100.0)  4/4 (100.0) 1/1 (100.0) N/A  3/4 (75.0) 15/17 (88.2)  1/1 (100.0)  12/12 (100.0) N/A  2/3 (66.7)  2/3 (66.7)  1/1(100.0)  9/10 (90.0) 1/1 (100.0) 63/69 (91.3)

Bacillus spp  3/4 (75.0) N/A  1/1 (100.0) N/A  1/1 (100.0)  1/1 (100.0)  4/5 (80.0) N/A  2/2 (100.0) N/A N/A N/A N/A  2/3 (66.7) N/A 14/17 (82.4)
Other  17/18 (94.4)  7/10 (70.0)  8/11 (72.7)  7/9 (77.8)  1/2 (50.0) 2/3 (66.7)  4/9 (44.4) N/A  5/5 (100.0) N/A  18/18 (100.0)  15/15 (100.0) 3/3 (100.0)  2/2 (100.0)  7/9 (77.8) 74/90 (82.2)

Gram Nega�ve 38 3 84 4 60 9 141 50 15 24 151 120 47 8 5 635
 28/38 (73.7)  3/3 (100.0) 80/84 (95.2)  3/4 (75.0)  55/60 (91.7)  9/9 (100.0) 129/141 (91.5) 49/50 (98.0) 14/15 (93.3) 23/24 (95.8) 145/151(96.0) 117/120 (97.5)  45/47 (95.7)  8/8 (100.0) 4/5 (80.0) 592/635 (93.2)

Pseudomonas  4/11 (36.4) N/A  47/50 (94.0)  0/1 (0.0)  25/26 (96.2) N/A 100/101 (99.0) 44/44 (100.0) N/A  18/19 (94.7)  107/109 (98.2)  88/90 (97.8)  38/39 (97.4) N/A  0/1 (0.0) 383/400 (95.8)
Moraxella spp  12/12 (100.0)  2/2 (100.0)  15/15 (100.0)  1/1 (100.0)  14/14 (100.0)  4/4 (100.0)  8/12 (66.6) 0/1 (0.0)  9/9 (100.0)  2/2 (100.0)  14/15 (93.3)  8/9 (88.9)  1/1 (100.0)  5/5 (100.0)  1/1 (100.0) 87/93 (93.5)

Serra�a  3/6 (50.0) N/A  8/8 (100.0) N/A  6/9 (66.6) N/A  10/13 (76.9)  3/3 (100.0)  1/2 (50.0) 1/1 (100.0)  11/13 (84.6)  10/10 (100.0)  3/3 (100.0) N/A N/A 46/58 (79.3)
Other  9/9 (100.0)  1/1 (100.0)  10/11 (90.9)  2/2 (100.0)  10/11 (90.1)  5/5 (100.0)  11/15 (73.3)  2/2 (100.0)  4/4 (100.0)  2/2 (100.0)  13/14 (92.9)  11/11 (100.0)  3/4 (75.0)  3/3 (100.0)  3/3 (100.0) 76/84 (90.5)

Fig. 5 Summary of bacterial isolate and corresponding antibiotic susceptibility of infectious keratitis in the East of England, UK.
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These changes, alongside the long-term trend of elderly patients,
with chronic ocular co-morbidities, may explain the rise in YK.
We identified 1.1% of acanthamoeba cases in culture positive

samples an underestimate compared to other studies [3, 6, 11].
This may be explained by the relatively low sensitivity of cultures
compared to confocal microscopy and PCR [26, 27]. Like other
studies, we noticed an increase in acanthamoeba keratitis (AK)
between the study periods (p= 0.658) [6, 7, 11]. This is likely
related in part to an absolute increase in CL wearers in all
populations but also because trends in CL prescribing show an
increase in the average age of CL wearers, who may have more
susceptibility to microbial keratitis [15, 19, 28, 29]. The EoE, with its
on average older populations, may be experiencing rapid
adoption of CL wear in middle aged patients compared to more
urban populations [20, 21].

Anti-microbial resistance
Rising antimicrobial resistance is designated as a significant risk by
governments [30]. Ocular infections have not been exempt from
this emerging threat [31].
Both groups of gram-positive and gram-negative organisms likely

maintained their sensitivities to antimicrobials (p= 0.990 and 0.418
respectively) consistent with other studies [6, 12]. It is reassuring
that common, over the counter, antimicrobials such as chloram-
phenicol and fusidic acid remain effective (p= 0.335 and p= 0.219
respectively) also seen in other studies [6, 7, 12]. Dispensing of such
antimicrobials by GPs and A&E staff, in presumed IK whilst awaiting
specialist input, should continue and be encouraged.
Corroborating other reviews, gram-positive bacteria achieved

moderate susceptibility to fluroquinolones whilst gram-negative were
highly susceptible. Glycopeptides and aminoglycosides were effective
against both species [3, 6, 7, 31]. In EoE, first-line treatment entails
monotherapy with a fluroquinolone and monitoring. This strategy
appears reasonable considering the 79.2% and 97.2% effectiveness
against gram-positive and gram-negative organisms respectively.
Second-line treatments, involving an aminoglycoside and glycopep-
tide, in conjunction, achieve a > 93% susceptibility against all bacteria.
Although in-vitro testing is correlated to therapeutic response,

it’s only an estimate to clinical response. In-vivo antibiotics applied
topically and intensively may achieve higher concentrations than
those seen in-vitro with greater bactericidal effect. Reported in-
vitro susceptibility figures could be an underestimate of in-vivo
real-world results [6, 32].
Alternative second-line treatment options include a cephalos-

porin and aminoglycoside [6]. Studies have shown cephalosporins
displaying weaker efficacy to gram-negative organisms and
increasing resistance, though without significance [3, 12, 30].
Our study identified a 19.2% increase in resistance to cephalos-
porins over time (p= 0.011) which originated from ceftriaxone
with a 41.67% decline in sensitivity (p= 0.006). Other cephalos-
porins investigated retained a 100% sensitivity to gram-negative
organisms. Emerging trends of gram-negative resistance to
ceftriaxone, has been previously identified [4]. In one study,
79.2% of MDR pseudomonas displayed resistance to ceftriaxone;
the highest combined rates of antibiotic resistance [33]. Cepha-
losporins, such as ceftazidime, and aminoglycoside may still be an
effective second line choice, though careful selection of the
generation and type of cephalosporin should be considered.
Microbiology sensitivity testing is often incongruous with

clinical need. Of the 622 anti-microbial sensitivity tests on gram-
positive organisms, only 55 were to fluroquinolones and a mere
six on cephalosporins. In clinical practice, fluroquinolones and
cephalosporins are used as first and second line agents
respectively [1, 5]. Standardisation of sample collection and
testing protocols between microbiology and ophthalmic depart-
ments would improve culture positivity and ensure sensitivity data
has greater relevance to clinicians.

Limitations
The study’s conclusions must be interpreted in the context of its
methodological limitations.
Whilst similar papers have collected data from a single institution,

we have sourced anonymized records from several independent
trusts. Although the principles of investigation and treatment are
similar, regional variations in protocols, guidelines, information
governance and testing exist. The variation in information
governance protocols between trusts posed challenges when
requesting demographic data, resulting in either incomplete or no
demographic data being provided. As microorganisms vary
according to locality, extrapolation of our findings to different
settings must be done with care. Certain organisms identified, such
as CNS and staph epidermidis, could represent commensals from
the ocular surface and surrounding tissues. Without clinical
correlation, contextualising their pathogenicity or commensal
nature was challenging. Our study was not intended to include
clinical outcomes of IK. Selective testing of isolates to antimicrobials
based on prior knowledge of susceptibilities could introduce
selection bias and skew results. In-vitro testing of susceptibilities
may underestimate true efficacy in-vivo. Serum mean inhibitory
concentrations, utilised in-vitro, may be unrepresentative, as higher
concentrations of antimicrobial are delivered to the site of action
clinically. Nevertheless, studies have shown reasonable correlation
between in-vitro testing and clinical outcomes [34]. Finally, changes
in societal behaviours and services under pressure during the
pandemic, may have led to an underestimation of MK, organisms
cultured and sensitivity profiles in the latter half of the study.

CONCLUSION
Firstly, we have provided an up-to-date estimate of IK incidence in
the EoE at 6.96 per 100,000 population/year. Secondly, we found,
gram-positive organisms to be the commonest cause of IK though
pseudomonas was the commonest organism. Thirdly, a NST of
rising serratia and acanthamoeba keratitis has been detected in
the region with a fall in fungal keratitis. Finally, over the counter
anti-microbials maintain their effectiveness against bacteria as do
common first line agents such as fluroquinolones. Second line
antimicrobials such as glycopeptide and aminoglycoside combi-
nations also maintain their effectiveness and are reasonable
choices. Nevertheless, gram-negative organisms exhibited increas-
ing resistance to ceftriaxone. Cephalosporin selection should be
carefully considered when treating IK empirically.

SUMMARY
What was known before

● Infectious Keratitis (IK) incidence, isolates, trends and resis-
tance patterns do vary between regions although on the
whole are comparable. No data on infectious keratitis isolates,
trends and resistance patterns have been published in the
East of England region.

What this study adds

● Incidence of IK is estimated at 6.96 per 100,000 population/year
in the region. Isolate profiles, trends and sensitivities, overall, are
comparable with other regions of the UK. Although, a significant
rising trend of ceftriaxone resistance to gram negative organisms
were identified. IK remains a significant cause of morbidity in the
region. Common 1st/2nd line agents remain effective against
typical pathogens although cephalosporin selection must be
carefully evaluated when treating IK empirically.
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