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Abstract
Background/aims  To examine the incidence, causative 
microorganisms and in vitro antimicrobial susceptibility 
and resistance profiles of infectious keratitis (IK) in 
Nottingham, UK.
Methods  A retrospective study of all patients who 
were diagnosed with IK and underwent corneal scraping 
between July 2007 and October 2019 (a 12-year period) 
at a UK tertiary referral centre. Relevant data, including 
demographic factors, microbiological profiles and in vitro 
antibiotic susceptibility of IK, were analysed.
Results  The estimated incidence of IK was 34.7 per 
100 000 people/year. Of the 1333 corneal scrapes, 
502 (37.7%) were culture-positive and 572 causative 
microorganisms were identified. Sixty (4.5%) cases 
were of polymicrobial origin (caused by ≥2 different 
microorganisms). Gram-positive bacteria (308, 53.8%) 
were most commonly isolated, followed by Gram-
negative bacteria (223, 39.0%), acanthamoeba (24, 
4.2%) and fungi (17, 3.0%). Pseudomonas aeruginosa 
(135, 23.6%) was the single most common organism 
isolated. There was a significant increase in Moraxella 
spp (p<0.001) and significant decrease in Klebsiella spp 
(p=0.004) over time. The in vitro susceptibilities of Gram-
positive and Gram-negative bacteria to cephalosporin, 
fluoroquinolone and aminoglycoside were 100.0% and 
81.3%, 91.9% and 98.1%, and 95.2% and 98.3%, 
respectively. An increase in resistance against penicillin 
was observed in Gram-positive (from 3.5% to 12.7%; 
p=0.005) and Gram-negative bacteria (from 52.6% to 
65.4%; p=0.22).
Conclusion  IK represents a relatively common and 
persistent burden in the UK and the reported incidence 
is likely underestimated. Current broad-spectrum 
antimicrobial treatment provides a good coverage for 
IK, although challenged by some level of antimicrobial 
resistance and polymicrobial infection.

Introduction
Infectious keratitis (IK) represents a major cause of 
corneal blindness globally, accounting for over 5% 
of all blindness.1 It has also been estimated to cause 
1.5–2.0 million monocular blindness each year.1 
It is a common yet potentially sight-threatening 
ophthalmic emergency, characterised by corneal 
ulceration, epithelial defect and/or stromal infil-
trate. Based on the limited evidence in the literature, 
the incidence of IK has been estimated at 0.04–8.0 
per 1000 people per year, with a substantially 

higher rate noted in developing countries such as 
India, Nepal and Burma.1

A wide array of microorganisms, including 
bacteria, fungi, viruses and parasites, notably acan-
thamoeba, have been implicated in IK. In view of the 
diverse causative microorganisms and potentially 
rapid clinical progression, intensive broad-spectrum 
antimicrobial treatment, either with cephalosporin/
aminoglycoside dual therapy or fluoroquinolone 
monotherapy, is usually commenced to provide an 
initial comprehensive coverage for IK.2 3 Uncom-
monly, adjuvant therapies such as tetracyclines 
(protease inhibitors), amniotic membrane trans-
plantation and the recently introduced modality 
of therapeutic photoactivated chromophore for 
keratitis-corneal cross-linking may be required to 
halt the progression of IK.4–7

The diagnosis of IK is primarily made on clinical 
grounds, supplemented by microbiological inves-
tigations such as corneal scraping for microscopy, 
culture and sensitivity testing.1 Depending on the 
geographical and temporal variations, the profile of 
causative microorganisms of IK may differ signifi-
cantly across different regions.8 For instance, fungi 
were shown to be the most common organism for 
IK in China and India whereas bacteria were most 
commonly identified in the USA and the UK.1 In 
addition, the in vitro antimicrobial susceptibility 
and resistance of ocular isolates similarly varied 
significantly across the world, with the rate of 
methicillin-resistant Staphylococcus aureus (MRSA) 
ranging from 0.1% to 36.6%.9 10 Moreover, the 
proportion of multidrug resistant (MDR) ocular 
isolates is reportedly rising in some regions.10

To date, there are only two studies in the liter-
ature that reported the incidence of IK in the UK, 
which was estimated at 3.6–52.1 per 100 000 popu-
lation/year during the period of 1995–2006.11 12 
A number of studies have recently examined the 
microbiological profiles and/or in vitro antibiotic 
susceptibility and resistance profiles of IK in the 
UK.9 13–15 Within the region of Nottingham, UK, 
the most recent review on IK was conducted during 
the period of 2007–2010 and only focussed on 
severe and sight-threatening cases.16

In this study, we aimed to provide an up-to-
date and comprehensive analysis on the incidence, 
microbiological profiles and in vitro antimicrobial 
susceptibility and resistance of IK in Nottingham, 
UK, over the past 12 years and to compare the find-
ings with the recent literature.
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Figure 1  The pattern of incidence of infectious keratitis in the region 
of Nottingham, UK, between 2007 and 2019. IK, infectious keratitis.

Table 1  Summary of microbiological profiles of infectious keratitis 
in Nottingham, UK, between 2007–2013 and 2014–2019

Organisms

2007–2019 2007–2013 2014–2019

P value*n=572; n (%) n=282; n (%) n=290; n (%)

Gram-positive 308 (53.8) 153 (54.3) 155 (53.4) 0.53

 � S. aureus 91 (15.9) 49 (17.4) 42 (14.5) 0.34

 � CoNS 75 (13.1) 39 (13.8) 36 (12.4) 0.64

 � Streptococci spp 77 (13.5) 37 (13.1) 40 (13.8) 0.74

 � Bacilli 63 (11.0) 28 (9.9) 35 (12.1) 0.35

 � Others† 2 (0.3) 0 (0.0) 2 (0.7) 0.5

Gram-negative 223 (39.0) 108 (38.3) 115 (39.7) 0.74

 � P. aeruginosa 135 (23.6) 67 (23.8) 68 (23.4) 0.66

 � Moraxella spp 37 (6.5) 8 (2.8) 29 (10.0) <0.001

 � Klebsiella spp 11 (1.9) 10 (3.5) 1 (0.3) 0.004

 � Others‡ 40 (7.0) 23 (8.2) 17 (5.9) 0.21

Fungi 17 (3.0) 10 (3.5) 7 (2.4) 0.43

 � Yeast 10 (1.7) 6 (2.1) 4 (1.4) 0.91

 � Filamentous 7 (1.2) 4 (1.4) 3 (1.0) 0.91

Acanthamoeba 24 (4.2) 11 (3.9) 13 (4.5) 0.72

*Chi-square or Fisher’s exact test (if any variable was <5) was used to detect any 
significant changing trend of the microbiological profiles between 2017–2013 and 
2014–2019. The analysis was performed at two levels; the first level evaluated 
the changes among Gram-positive and Gram-negative organisms, fungi and 
acanthamoeba; and the second level examined the changes of the subtypes of the 
organisms within the four groups. Significant p values (<0.05) are underlined.
†Others include Enterococci spp.
‡Others Include Achromobacter spp, Acinetobacter spp, Citrobacter koseri, 
Enterobacter spp, Kingella spp, Serratia marcescens, Haaemophilus spp, Proteus spp, 
Neisseria spp and Stenotrophomonas maltophilia.
CoNS, coagulase-negative staphylococcus.

Materials and methods
This was a retrospective study of all patients who were diagnosed 
with IK and underwent corneal scraping between July 2007 
and October 2019 (a 12-year period) at the Queen’s Medical 
Centre (QMC), Nottingham, UK. Cases were identified through 
the local microbiology electronic database. QMC was the 
only tertiary referral centre for managing ophthalmic diseases 
in Nottingham. The eye casualty embedded within the QMC 
was open 24/7 to manage patients with emergency ophthalmic 
conditions, including IK. There were two other nearby hospitals 
in the East Midlands regions, including Derby Royal Hospital 
and Kings Mill Hospital, but they covered a different subset of 
the population and were not included in Nottingham population 
or our IK database.

Based on the departmental guideline for IK, all patients 
presented with moderate-sized corneal ulcers (>1 mm diameter) 
or atypical presentation of corneal ulcer were subjected to micro-
biological investigation, which included corneal scraping for 
microscopy (with Gram staining), microbiological culture and 
sensitivity testing. Corneal scrapes were inoculated on choco-
late agar (for fastidious organisms), blood agar (for bacteria) and 
Sabouraud dextrose agar (for fungi). For suspected cases of acan-
thamoeba keratitis, non-nutrient Escherichia coli-enriched agar 
plate was used for inoculation. All cultures were incubated for 
at least 1 week (and up to 3 weeks for suspected acanthamoeba 
keratitis). The identity of the microorganisms was confirmed 
through standard culture and bacteriology tests. For example, 
S. aureus was identified by cultural characteristics and positive 
Pasteurex test whereas Streptococcus pneumonia was identi-
fied by cultural characteristics and sensitivity to optochin disc. 
Corneal scraping was repeated in the same eye when the patient 
was unresponsive to treatment regardless of positive or negative 
outcome of the first culture. These cases were only counted as 
one clinical episode.

Causative microorganisms were categorised into Gram-
positive and Gram-negative bacteria, fungi and acanthamoeba. 
Polymicrobial keratitis was defined as IK caused by two or 
more types of microorganisms simultaneously during the same 
infective episode. Combined cefuroxime and gentamicin/amik-
acin were used for deemed sight-threatening keratitis (greater 
than 1 mm lesion, location within the central 6 mm zone and/
or related to contact lens wear); or levofloxacin monotherapy 
for non-sight-threatening keratitis (infiltrate size of 1 mm or less, 

peripheral location and not related to contact lens wear) was 
the first-line antimicrobial therapy used during the entire study 
period. In vitro antimicrobial susceptibility and resistance were 
determined using the standard disc diffusion assay or Microscan 
(Beckman Coulter, Indianapolis, United States) and interpreted 
according to the clinical breakpoints set by the European 
Committee on Antimicrobial Susceptibility Testing.17 MDR was 
defined as resistance to three or more classes of antibiotic.

The population in Nottingham was estimated at between 
300 000 and 328 000 people during the study period (https://
www.​ukpopulation.​org/​nottingham-​population/), and these 
figures were used to estimate the incidence of IK within the 
region of Nottingham, UK. For study years of 2007 and 2019 
(without the full-year data), the incidence was extrapolated from 
6 months’ and 10 months’ data, respectively. This was because 
the electronic database was only introduced in July 2007 and the 
study was concluded in October 2019.

Ethical approval was waived by the local research ethics 
committee as this retrospective study was classified as a service 
evaluation (reference number: 19-265C). The study was 
conducted in accordance with the tenets of Declaration of 
Helsinki.

Statistical analysis
For descriptive and analytic purposes, the study was divided 
into two time periods, 2007–2013 (which included the study 
period of previous study)16 and 2014–2019. Statistical anal-
ysis was performed using SPSS V.26.0 (IBM SPSS Statistics for 
Windows). Comparison between groups was conducted using 
Pearson’s Chi-square or Fisher’s exact test where appropriate 
for categorical variables and unpaired t-test or Mann-Whitney 
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Table 2  Summary of antibiotic susceptibility of infectious keratitis 
in Nottingham, UK, between 2007–2013 and 2014–2019

Organisms

2007–2019 2007–2013 2014–2019

P value*n (%) n (%) n (%)

Gram-positive

 � Penicillin† 260/283 (91.9) 136/141 (96.5) 124/142 (87.3) 0.005

 � Cefuroxime 25/25 (100.0) 17/17 (100.0) 8/8 (100.0) 1.0

 � Gentamicin 177/186 (95.2) 97/101 (96.0) 80/85 (94.1) 0.73

 � Ciprofloxacin 164/182 (90.1) 92/100 (92.0) 72/82 (87.8) 0.35

 � Levofloxacin 41/41 (100.0) 16/16 (100.0) 25/25 (100.0) 1.0

Gram-negative

 � Penicillin† 36/80 (45.0) 18/38 (47.4) 18/52 (34.6) 0.22

 � Cefuroxime 65/80 (81.3) 30/38 (78.9) 35/42 (83.3) 0.62

 � Amikacin 172/174 (98.9) 91/92 (98.9) 81/82 (98.8) 1.0

 � Gentamicin 174/177 (98.3) 93/94 (98.9) 81/83 (97.6) 0.6

 � Ciprofloxacin 175/179 (97.8) 92/94 (97.9) 83/85 (97.6) 1.0

 � Levofloxacin 53/53 (100.0) 16/16 (100.0) 37/37 (100.0) 1.0

*Chi-square or Fisher’s exact test (if any variable was <5) was performed to 
determine the significant difference between the two time periods. Significant p 
value is underlined.
†Penicillin group includes penicillin, amoxicillin and flucloxacillin.

Table 3  Summary of antibiotic susceptibility of the four most 
common microorganisms of IK in Nottingham, UK, during 2007–2019

Antibiotics

P. aeruginosa S. aureus Streptococci spp CoNS

n (%) n (%) n (%) n (%)

Penicillin* 0/1 (0.0%) 89/90 (98.9) 68/71 (95.8) 61/73 (83.6)

Cefuroxime – 17/17 (100.0) 4/4 (100.0) –

Gentamicin† 133/134 (99.3) 90/90 (100.0) 4/4 (100.0) 68/73 (93.2)

Amikacin† 133/133 (100.0) 2/2 (100.0) – –

Ciprofloxacin‡ 133/134 (99.3) 82/90 (91.1) – 66/73 (90.4)

Levofloxacin‡ 6/6 (100.0) – 39/39 (100.0) –

The percentage shown refers to the antibiotic susceptibility rate of each 
microorganisms. Rate of resistance is equivalent to 100% minus the antibiotic 
susceptibility rate.
*Penicillin group includes penicillin, amoxicillin and flucloxacillin.
†Gentamicin and amikacin are aminoglycosides and usually one or the other was 
tested.
‡Ciprofloxacin and levofloxacin are fluoroquinolone and usually one or the other 
was tested.
CoNS, coagulase-negative staphylococcus; IK, infectious keratitis.

U test for continuous variables. Normality of data distribution 
was assumed if the skewness and kurtosis z-values were between 
−1.96 and +1.96 and the Shapiro-Wilk test p value was >0.05. 
All continuous data were presented as mean±SD and/or 95% 
CI. Pearson’s correlation coefficient (r) analysis was performed 
to examine the incidence of IK over time and was interpreted 
as follows: weak (r=0.00–0.40), moderate (r=0.41–0.69) and 
strong (r=0.70–1.00), with negative values being interpreted in 
the same way.18 P value of <0.05 was considered statistically 
significant.

Results
Overall description and incidence of IK
During the 12-year study period, 1400 corneal scrapes were 
performed in patients with IK; the mean age was 49.9±22.2 
years and 50.4% were men. There were 67 cases where repeat 
corneal scrapings were performed in the same eye. On no occa-
sion were both cultures positive. After excluding 67 repeat 
corneal scrapings, there were a total of 1333 cases of IK. The 
overall incidence of IK in our region was estimated at 34.7 per 
100 000 population/year (95% CI, 32.4 to 37.1 per 100 000 
population/year), with a stable trend observed over time 
(r=−0.08; p=0.79; figure 1).

Types of causative organisms
Of all 1333 cases, 502 (37.7%) were culture-positive and 572 
causative microorganisms were identified (table 1). Gram-positive 
bacteria (308, 53.8%) were most commonly isolated, followed by 
Gram-negative bacteria (223, 39.0%), acanthamoeba (24, 4.2%) 
and fungi (17, 3.0%). In terms of specific isolates, Pseudomonas 
aeruginosa (135, 23.6%), S. aureus (91, 15.9%) and Streptococci 
spp (77, 13.5%) were the three most common causative micro-
organisms identified. Sixty (4.5%) cases were of polymicrobial 
origin (caused by ≥2 different microorganisms), with 50 (3.8%) 
cases having two causative microorganisms and 10 (0.8%) 
cases having three causative microorganisms. Of the 60 cases, 
the majority (57, 95%) were mixed bacteria/bacteria infection 
with only 3 (5%) cases of mixed fungi/bacteria infection. The 
most common combination of isolates for polymicrobial cases 

was Streptococci spp combined with coagulase-negative staphy-
lococcus (9, 15%). There was a significant increase in Moraxella 
spp (from 2.8% to 10.0%; p<0.001) and significant decrease in 
Klebsiella spp (from 3.5% to 0.3%; p=0.004) over time.

In vitro antimicrobial susceptibility and resistance profiles
The in vitro antimicrobial susceptibilities for cephalosporin, 
fluoroquinolone and aminoglycoside were 100.0% (25/25), 
91.9% (205/223) and 95.2% (177/186) for Gram-positive 
bacteria; and 81.3% (65/80), 98.1% (212/216) and 98.3% 
(174/177) for Gram-negative bacteria (table  2). From 2007–
2013 to 2014–2019, there was an increase in resistance against 
penicillin in Gram-positive (from 3.5% to 12.7%; p=0.005) 
and Gram-negative bacteria (from 52.6% to 65.4%; p=0.22). 
There were only four (0.3%) MDR isolates and one (0.07%) 
MRSA noted in this study. Our first-line treatment, either with 
combined therapy (cephalosporin and aminoglycoside) or fluo-
roquinolone monotherapy, provided good antibiotic coverage 
for 97.3% (n=396/407) and 95.2% (n=418/439) of the cases, 
respectively.

Antibiotic susceptibility of the four most commonly isolated 
microorganisms of IK, including P. aeruginosa, S. aureus, Strepto-
cocci spp and coagulase-negative staphylococcus, is summarised 
in table 3. All these organisms were generally susceptible (>90%) 
to the commonly used cephalosporin (ie, cefuroxime), aminogly-
cosides and fluoroquinolones used in our study.

Discussion
IK represents a major cause of corneal blindness worldwide, 
particularly in the developing countries. To the best of our knowl-
edge, this represents the third study in the UK that reported the 
incidence as well as the causative microorganisms and in vitro 
antibiotic susceptibility and resistance profiles of IK.

Incidence
Currently, there is limited literature reporting on the incidence 
of IK globally. This is mainly due to the fact that most studies 
reported the incidence/prevalence of corneal blindness without 
distinguishing the underlying causes such as infective, inflam-
matory, traumatic, degenerative and others.1 In this study, we 
observed a stable trend of IK in Nottingham, UK, over the 
past decade (2007–2019), with an estimated incidence of 34.7 
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Table 4  Summary of the microbiological profiles and antibiotic susceptibility of infectious keratitis in the UK between 2010 and 2019 (based on 
year of publication)

Year Authors Study period Region Total CS
Culture 
positivity (%)

Microbiological 
profiles*

Antibiotic susceptibility (%)†

PEN CEF AMG FQ

2011 Orlans et al13 1999–2009 Oxford 467 54.0 Pseudomonas spp 
(28.5%);
CoNS (25.8%);
S. aureus (12.4%)

50.4 (P) 80.9 (P);
8.7 (N)

87.2 (P);
100 (N)

85.4 (P); 99.0 
(N)

2017 Tan et al14 2004–2015 Manchester 4229 32.6 CoNS (24.4%);
S. aureus (15.1%);
Streptococci (13.3%)

– 86.6 (P); 
61.4 (N);

88.8 (P); 96.5 
(N)

83.1 (P); 90.8 
(N)

2018 Ting et al9 2008–2017 Sunderland 914 44.5 CoNS (25.9%);
S. aureus (13.6%);
Streptococci (12.1%)

– – – –

2019 Tavassoli et 
al15

2006–2017 Bristol 2614 38.1 CoNS (36.0%);
Pseudomonas spp 
(15.8%);
Streptococci (7.0%)

95.0–100 (P);
31.0 (N)

– 100 (P); 97.0–
100 (N)

91.0–100 (P); 
97.0–100 (N)

2020 Ting et al9 
(current 
study)

2007–2019 Nottingham 1333 37.7 Pseudomonas spp 
(23.6%);
S. aureus (15.9%);
Streptococci 13.5%)

91.9 (P); 45.0 
(N)

100 (P); 
81.3 (N)

95.2 (P); 98.3–
98.9 (N)

90.1–100 (P); 
97.8–100 (N)

*The three most common microorganisms isolated in the study.
†P = Gram-positive bacteria; n=Gram-negative bacteria.
AMG, aminoglycosides (include gentamicin and amikacin); CEF, cefuroxime; CoNS, coagulase-negative staphylococci; CS, corneal scrapes; FQ, fluoroquinolones (include 
ciprofloxacin, ofloxacin and levofloxacin); PEN, penicillin.

per 100 000 population/year. This figure is comparable to the 
incidence previously reported in Portsmouth, UK, which was 
40.1–52.1 per 100 000 population/year during 1997–2006, and 
substantially higher than the rate reported in the West of Scot-
land, which was 3.6 per 100 000 population/year during 1995. 
Consistent with the literature, the incidence of IK observed in 
our study was considerably lower than the rate in developing 
countries such as India and Nepal, which was estimated at 
1.1–8.0 per 1000 people (or 110–799 per 100 000 population/
year).19 20 Such significant variation of the incidence is primarily 
related to the population-based risk factors such as agricultural 
industry, high-risk occupation (with increased risk to corneal 
trauma), poorer environmental and personal hygiene, lower 
level of education and poorer access to sanitation and healthcare 
in the developing countries.1

It is noteworthy to mention that the reported incidence of 
IK in our study and some other studies are likely to be under-
estimated as it was based on patients with IK who had under-
gone corneal scraping.11 Corneal scraping is usually performed 
in patients with moderate/severe IK with sizeable infiltrate 
where adequate sampling was possible or in patients with mild 
IK where the clinical presentation was atypical. Based on our 
local departmental protocol, all patients with a corneal infiltrate 
of >1 mm or those with atypical infection were subjected to 
corneal scraping. This means that patients with mild and typical 
IK were not included in this study. In addition, viral keratitis 
cases were not captured in this study as the majority of cases 
were treated based on the typical clinical appearance of dendritic 
ulcer without any microbiological investigation. Nonetheless, 
the relatively stable incidence of IK observed in our study during 
the past decade suggests that IK represents a relatively common 
and persistent burden in the UK.

Microbiological profiles
Causative microorganisms of IK are subjected to wide geograph-
ical variations across the world.8 A systematic review of 36 studies 
demonstrated that bacteria were the most common isolates 

in developed countries whereas fungi were most commonly 
reported in developing countries.8 The recent Asia Cornea 
Society Infectious Keratitis Study, which was conducted in Asia 
and included over 6000 patients with IK, demonstrated that 
fungi were the most common group of causative microorganism 
in China and India whereas bacteria were the most common 
organism in developed countries such as Singapore.21 Another 
large study conducted in the Southern China similarly reported 
a predominance of fungal keratitis in the region.22 The varia-
tion of microorganisms is likely influenced by various factors, 
including the occupational risk of corneal trauma, agricultural 
industry, use of contact lens, national income and others.1 8

In our study, we observed that Gram-positive bacteria were 
the most common group of microorganisms responsible for IK 
during the entire study period. This finding parallels the results 
of many other studies conducted in the UK (table 4)9 13–15 and 
other countries.23–25 Within the UK, several studies9 14 15 have 
observed that coagulase-negative staphylococcus was most 
commonly isolated, which was in contrast to our study where 
Pseudomonas spp was the main causative organism (table  4). 
This could be related to the differences in contact lens wear in 
different population groups, a fact that was not explored in our 
study and some other studies.9 13–15 Interestingly, we observed a 
significant increase in trend in Mmoraxella keratitis in our region 
that was similar to other regions in the UK such as Sunderland9 
and Manchester,14 suggesting a potentially emerging endemic 
issue within the UK. In addition, polymicrobial keratitis presents 
unique diagnostic and therapeutic challenges to the clinicians as 
the treatment outcome is often variable and the treatment course 
is prolonged.26 27 We observed 4.5% cases were of polymicrobial 
keratitis in our study, which was lower than the rate reported in 
the literature (10%–14%).9 14 22 It would be interesting and clin-
ically valuable to examine the clinical outcomes of these polymi-
crobial cases as evidence on this area remains scarce.28

Our culture positivity rate was shown to be 37.7%, which was 
comparable to some studies14 15 23 but lower than the others.9 13 
Plausible explanations for the relatively low culture yield include 
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possible use of antibiotic before the visit to hospital, inadequate 
sampling from the infected corneas and a lower threshold for 
performing corneal scrapes in non-infective cases, including 
sterile corneal melt and marginal keratitis. For patients who were 
already on any antibiotics before the hospital visit, our standard 
practice was to stop all the antibiotics for 24–48 hours before 
performing any corneal scrapes. Therefore, it is likely that any 
prior use of antibiotics would have lesser impact than expected 
on the culture yield.

Antibiotic susceptibility and resistance
Antimicrobial resistance (AMR) is emerging as a global health 
threat of 21st century. AMR has been increasingly reported in 
both systemic and ocular infections.1 29 In our study, we observed 
a substantial increase in penicillin resistance in both Gram-
positive (12.7%) and Gram-negative bacteria (65.4%). However, 
most of the bacterial isolates, including the most common organ-
isms, were susceptible to the current broad-spectrum antibiotics 
(ie, cephalosporin/aminoglycoside dual therapy and fluoro-
quinolone monotherapy), which was similarly reported in other 
parts of the UK (table 4).14 15 Reassuringly, there were only four 
(0.3%) MDR isolates and one (0.07%) MRSA identified in our 
study.

Nonetheless, AMR in relation to IK is emerging as a serious 
concern in other parts of the world, including China USA22 25 
and India.30 31 For instance, the rate of MRSA ocular isolates was 
reported to be in the range of 0.1%–5.0% in the UK9 14 15 whereas 
Antibiotic Resistance Monitoring in Ocular micRoorganisms 
(ARMOR) Study conducted in the USA reported a substantially 
higher rate (36.6%) of MRSA ocular isolates.10 Peng et al25 
observed that 35% of the ocular isolates were resistant to moxi-
floxacin and the rate increased over time. Similarly, Oldenburg 
et al30 and Lalitha et al31 reported a significant increase in fluoro-
quinolone (ofloxacin/moxifloxacin) resistance among S. aureus 
and P. aeruginosa isolated in South India. In addition, there was 
a significant increase in the number of MRSA from 2002 to 
2013 in the same region.31 The discrepancy in the AMR rate in 
ocular isolates observed among different regions may be related 
to the difference in the prescribing practice (eg, inappropriate 
and overuse of chloramphenicol eye drops for non-bacterial eye 
infection), choice of antibiotics used, environmental transmis-
sion and genomic variations in the causative microorganisms. 
In addition, the variation in the antibiotic susceptibility testing 
method employed in different studies might have an influence on 
the reported results; for instance, broth microdilution minimum 
inhibitory concentration assays were used to determine the anti-
biotic susceptibility in the ARMOR Study10 whereas standard 
disc diffusion assays and/or Microscan were used in our study 
and other studies.13 15

Strengths and limitations
This study provides an up-to-date examination on the incidence 
of IK in one region of the UK. However, the incidence was calcu-
lated based on the number of IK cases that had corneal scrapings 
performed, thereby the incidence was likely underestimated. A 
prospective study with inclusion of all presumed IK, including 
those without corneal scraping, could help ascertain the inci-
dence of IK in the future. In addition, the true representation of 
the causative microorganisms is currently challenged by the low-
to-moderate yield of the conventional microbiological investi-
gation such as corneal scraping. Although our culture positivity 
rate (37.7%) was comparable to some studies, the moderate diag-
nostic yield highlights the need for further improvement.1 This 

issue can be potentially ameliorated by other emerging investi-
gative techniques such as in vivo confocal microscopy,32 33 PCR 
and/or next generation sequencing,34 35 which have demon-
strated their values in the diagnosis and clinical decision making 
in challenging IK cases.

Current broad-spectrum antibiotics provide good treatment 
coverage in most IK cases; however, not all the antibiotics used 
were subjected to antibiotic susceptibility testing. In addition, 
analysis of the susceptibility of chloramphenicol—an over-
the-counter antibiotic treatment that is routinely prescribed in 
primary care—was not possible as this was not routinely exam-
ined in our unit. Reassuringly, a recent UK study did not observe 
any significant increase in resistance against this antibiotic.14 
As the commonly used topical antibiotics in ophthalmology 
differs from other specialties, a close collaboration with the 
microbiology department to standardise the in vitro antimicro-
bial susceptibility testing for IK would provide a more compre-
hensive evaluation of the susceptibility and resistance profiles. 
Although it is beyond the scope of our current study, it would be 
valuable to examine other clinically relevant aspects such as any 
prior use of antibiotics, causes (eg, contact lens wear, trauma and 
so on) and outcomes of IK, in a future study.

In conclusion, IK represents a relatively common and 
persistent burden in the UK and the reported incidence is likely 
to be underestimated. Current broad-spectrum antimicrobial 
treatment provides good coverage for IK, although challenged 
by some level of AMR and polymicrobial infection. Future 
surveillance of the incidence, causative microorganisms and anti-
microbial susceptibility resistance with well-designed prospec-
tive studies would be beneficial.

Contributors  DSJT, DGS and HSD conceptualised the study; DSJT, CH, JC, AE, MA-A 
and TB collected the data; DSJT performed the data analysis; DSJT, DGS and HSD 
performed the data interpretation; DSJT drafted the manuscript; all authors critically 
reviewed and approved the manuscript.

Funding  DSJT acknowledges support from the Medical Research Council/Fight for 
Sight Clinical Research Fellowship (MR/T001674/1) and the Fight for Sight/John Lee, 
Royal College of Ophthalmologists Primer Fellowship (24CO4).

Competing interests  None declared.

Patient consent for publication  Not required.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as supplementary information. No additional information.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://​creativecommons.​org/​
licenses/​by/​4.​0/.

ORCID iDs
Darren Shu Jeng Ting http://​orcid.​org/​0000-​0003-​1081-​1141
Harminder Singh Dua http://​orcid.​org/​0000-​0002-​4683-​6917

References
	 1	 Ung L, Bispo PJM, Shanbhag SS, et al. The persistent dilemma of microbial 

keratitis: global burden, diagnosis, and antimicrobial resistance. Surv Ophthalmol 
2019;64:255–71.

	 2	 Austin A, Lietman T, Rose-Nussbaumer J. Update on the management of infectious 
keratitis. Ophthalmology 2017;124:1678–89.

	 3	 McDonald EM, Ram FSF, Patel DV, et al. Topical antibiotics for the management of 
bacterial keratitis: an evidence-based review of high quality randomised controlled 
trials. Br J Ophthalmol 2014;98:1470–7.

	 4	 Mencucci R, Paladini I, Menchini U, et al. Inhibition of viral replication in vitro by 
antiviral-treated amniotic membrane. Possible use of amniotic membrane as drug-
delivering tool. Br J Ophthalmol 2011;95:28–31.

	 5	 Gicquel J-J, Bejjani RA, Ellies P, et al. Amniotic membrane transplantation in severe 
bacterial keratitis. Cornea 2007;26:27–33.

 on July 1, 2020 by guest. P
rotected by copyright.

http://bjo.bm
j.com

/
B

r J O
phthalm

ol: first published as 10.1136/bjophthalm
ol-2020-316128 on 24 June 2020. D

ow
nloaded from

 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-1081-1141
http://orcid.org/0000-0002-4683-6917
http://dx.doi.org/10.1016/j.survophthal.2018.12.003
http://dx.doi.org/10.1016/j.ophtha.2017.05.012
http://dx.doi.org/10.1136/bjophthalmol-2013-304660
http://dx.doi.org/10.1136/bjo.2010.179556
http://dx.doi.org/10.1097/ICO.0b013e31802b28df
http://bjo.bmj.com/


6 Ting DSJ, et al. Br J Ophthalmol 2020;0:1–6. doi:10.1136/bjophthalmol-2020-316128

Clinical science

	 6	 Ting DSJ, Henein C, Said DG, et al. Photoactivated chromophore for infectious keratitis 
- Corneal cross-linking (PACK-CXL): A systematic review and meta-analysis. Ocul Surf 
2019;17:624–34.

	 7	 Robaei D, Carnt N, Watson S. Established and emerging ancillary techniques in 
management of microbial keratitis: a review. Br J Ophthalmol 2016;100:1163–70.

	 8	 Shah A, Sachdev A, Coggon D, et al. Geographic variations in microbial keratitis: an 
analysis of the peer-reviewed literature. Br J Ophthalmol 2011;95:762–7.

	 9	 Ting DSJ, Settle C, Morgan SJ, et al. A 10-year analysis of microbiological profiles of 
microbial keratitis: the North East England study. Eye 2018;32:1416–7.

	10	 Thomas RK, Melton R, Asbell PA. Antibiotic resistance among ocular pathogens: 
current trends from the ARMOR surveillance study (2009–2016)]]&gt. Clin Optom 
2019;11:15–26.

	11	 Seal DV, Kirkness CM, Bennett HG, et al. Population-Based cohort study of microbial 
keratitis in Scotland: incidence and features. Cont Lens Anterior Eye 1999;22:49–57.

	12	 Ibrahim YW, Boase DL, Cree IA. Incidence of infectious corneal ulcers, Portsmouth 
study, UK. J Clin Exp Ophthalmol 2012;001.

	13	 Orlans HO, Hornby SJ, Bowler ICJW. In vitro antibiotic susceptibility patterns of 
bacterial keratitis isolates in Oxford, UK: a 10-year review. Eye 2011;25:489–93.

	14	 Tan SZ, Walkden A, Au L, et al. Twelve-year analysis of microbial keratitis trends at a 
UK tertiary hospital. Eye 2017;31:1229–36.

	15	 Tavassoli S, Nayar G, Darcy K, et al. An 11-year analysis of microbial keratitis in the 
South West of England using brain-heart infusion broth. Eye 2019;33:1619–25.

	16	 Otri AM, Fares U, Al-Aqaba MA, et al. Profile of sight-threatening infectious keratitis: a 
prospective study. Acta Ophthalmol 2013;91:643–51.

	17	 . Available: http://www.​eucast.​org/​clinical_​breakpoints/ [Accessed 05 Jan 2020].
	18	 Schober P, Boer C, Schwarte LA. Correlation coefficients: appropriate use and 

interpretation. Anesth Analg 2018;126:1763–8.
	19	 Gonzales CA, Srinivasan M, Whitcher JP, et al. Incidence of corneal ulceration in 

Madurai district, South India. Ophthalmic Epidemiol 1996;3:159–66.
	20	 Upadhyay MP, Karmacharya PC, Koirala S, et al. The Bhaktapur eye study: ocular 

trauma and antibiotic prophylaxis for the prevention of corneal ulceration in Nepal. Br 
J Ophthalmol 2001;85:388–92.

	21	 Khor W-B, Prajna VN, Garg P, et al. The Asia cornea Society infectious keratitis study: 
a prospective multicenter study of infectious keratitis in Asia. Am J Ophthalmol 
2018;195:161–70.

	22	 Lin L, Duan F, Yang Y, et al. Nine-Year analysis of isolated pathogens and antibiotic 
susceptibilities of microbial keratitis from a large referral eye center in southern China. 
Infect Drug Resist 2019;12:1295–302.

	23	 Hernandez-Camarena JC, Graue-Hernandez EO, Ortiz-Casas M, et al. Trends in 
microbiological and antibiotic sensitivity patterns in infectious keratitis: 10-year 
experience in Mexico City. Cornea 2015;34:778–85.

	24	 Cariello AJ, Passos RM, Yu MCZ, et al. Microbial keratitis at a referral center in Brazil. 
Int Ophthalmol 2011;31:197–204.

	25	 Peng MY, Cevallos V, McLeod SD, et al. Bacterial keratitis: isolated organisms and 
antibiotic resistance patterns in San Francisco. Cornea 2018;37:84–7.

	26	 Ting DSJ, Bignardi G, Koerner R, et al. Polymicrobial keratitis with Cryptococcus 
curvatus, Candida parapsilosis, and Stenotrophomonas maltophilia after 
penetrating keratoplasty: a rare case report with literature review. Eye Contact Lens 
2019;45:e5–10.

	27	 Lim NCS, Lim DKA, Ray M. Polymicrobial versus monomicrobial keratitis: a 
retrospective comparative study. Eye Contact Lens 2013;39:348–54.

	28	 Tu EY, Joslin CE, Nijm LM, et al. Polymicrobial keratitis: Acanthamoeba and infectious 
crystalline keratopathy. Am J Ophthalmol 2009;148:13–19.

	29	 Prestinaci F, Pezzotti P, Pantosti A. Antimicrobial resistance: a global multifaceted 
phenomenon. Pathog Glob Health 2015;109:309–18.

	30	 Oldenburg CE, Lalitha P, Srinivasan M, et al. Emerging moxifloxacin resistance in 
Pseudomonas aeruginosa keratitis isolates in South India. Ophthalmic Epidemiol 
2013;20:155–8.

	31	 Lalitha P, Manoharan G, Karpagam R, et al. Trends in antibiotic resistance in bacterial 
keratitis isolates from South India. Br J Ophthalmol 2017;101:108–13.

	32	 Chidambaram JD, Prajna NV, Palepu S, et al. In Vivo Confocal Microscopy Cellular 
Features of Host and Organism in Bacterial, Fungal, and Acanthamoeba Keratitis. Am J 
Ophthalmol 2018;190:24–33.

	33	 Ting DSJ, Said DG, Dua HS. Interface haze after Descemet stripping automated 
endothelial keratoplasty. JAMA Ophthalmol 2019;137:1201.

	34	 Shimizu D, Miyazaki D, Ehara F, et al. Effectiveness of 16S ribosomal DNA real-time 
PCR and sequencing for diagnosing bacterial keratitis. Graefes Arch Clin Exp 
Ophthalmol 2020;258:157–66.

	35	 Ung L, Bispo PJM, Doan T, et al. Clinical metagenomics for infectious corneal ulcers: 
rags to riches? Ocul Surf 2020;18:1–12.

 on July 1, 2020 by guest. P
rotected by copyright.

http://bjo.bm
j.com

/
B

r J O
phthalm

ol: first published as 10.1136/bjophthalm
ol-2020-316128 on 24 June 2020. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.jtos.2019.08.006
http://dx.doi.org/10.1136/bjophthalmol-2015-307371
http://dx.doi.org/10.1136/bjo.2009.169607
http://dx.doi.org/10.1038/s41433-018-0085-4
http://dx.doi.org/10.2147/OPTO.S189115
http://dx.doi.org/10.1016/S1367-0484(99)80003-4
http://dx.doi.org/10.4172/2155-9570.S6-001
http://dx.doi.org/10.1038/eye.2010.231
http://dx.doi.org/10.1038/eye.2017.55
http://dx.doi.org/10.1038/s41433-019-0463-6
http://dx.doi.org/10.1111/j.1755-3768.2012.02489.x
http://www.eucast.org/clinical_breakpoints/
http://dx.doi.org/10.1213/ANE.0000000000002864
http://dx.doi.org/10.3109/09286589609080122
http://dx.doi.org/10.1136/bjo.85.4.388
http://dx.doi.org/10.1136/bjo.85.4.388
http://dx.doi.org/10.1016/j.ajo.2018.07.040
http://dx.doi.org/10.2147/IDR.S206831
http://dx.doi.org/10.1097/ICO.0000000000000428
http://dx.doi.org/10.1007/s10792-011-9441-0
http://dx.doi.org/10.1097/ICO.0000000000001417
http://dx.doi.org/10.1097/ICL.0000000000000517
http://dx.doi.org/10.1097/ICL.0b013e3182a3024e
http://dx.doi.org/10.1016/j.ajo.2009.01.020
http://dx.doi.org/10.1179/2047773215Y.0000000030
http://dx.doi.org/10.3109/09286586.2013.790978
http://dx.doi.org/10.1136/bjophthalmol-2016-308487
http://dx.doi.org/10.1016/j.ajo.2018.03.010
http://dx.doi.org/10.1016/j.ajo.2018.03.010
http://dx.doi.org/10.1001/jamaophthalmol.2019.2745
http://dx.doi.org/10.1007/s00417-019-04434-8
http://dx.doi.org/10.1007/s00417-019-04434-8
http://dx.doi.org/10.1016/j.jtos.2019.10.007
http://bjo.bmj.com/

	12-­year analysis of incidence, microbiological profiles and in vitro antimicrobial susceptibility of infectious keratitis: the Nottingham Infectious Keratitis Study
	Abstract
	Introduction
	Materials and methods
	Statistical analysis

	Results
	Overall description and incidence of IK
	Types of causative organisms
	In vitro antimicrobial susceptibility and resistance profiles

	Discussion
	Incidence
	Microbiological profiles
	Antibiotic susceptibility and resistance
	Strengths and limitations

	References


