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Background/Aim: To examine the risk factors, clinical characteristics, outcomes, and prognostic factors of bacterial keratitis (BK) in Nottingham, UK.

Methods: This was a retrospective study of patients who presented to the Queen's Medical Centre, Nottingham, with suspected BK during 2015–2019. Relevant data, including the demographic factors, risk factors, clinical outcomes, and potential prognostic factors, were analysed.

Results: A total of 283 patients (n = 283 eyes) were included; mean age was 54.4 ± 21.0 years and 50.9% were male. Of 283 cases, 128 (45.2%) cases were culture-positive. Relevant risk factors were identified in 96.5% patients, with ocular surface diseases (47.3%), contact lens wear (35.3%) and systemic immunosuppression (18.4%) being the most common factors. Contact lens wear was most commonly associated with P. aeruginosa whereas Staphylococci spp. were most commonly implicated in non-contact lens-related BK cases (p = 0.017). At presentation, culture-positive cases were associated with older age, worse presenting corrected-distance-visual-acuity (CDVA), use of topical corticosteroids, larger epithelial defect and infiltrate, central location and hypopyon (all p < 0.01), when compared to culture-negative cases. Hospitalisation was required in 57.2% patients, with a mean length of stay of 8.0 ± 8.3 days. Surgical intervention was required in 16.3% patients. Significant complications such as threatened/actual corneal perforation (8.8%), loss of perception of light vision (3.9%), and evisceration/enucleation (1.4%) were noted. Poor visual outcome (final corrected-distance-visual-acuity of <0.6 logMAR) and delayed corneal healing (>30 days from initial presentation) were significantly affected by age >50 years, infiltrate size >3 mm, and reduced presenting vision (all p < 0.05).

Conclusion: BK represents a significant ocular morbidity in the UK, with ocular surface diseases, contact lens wear, and systemic immunosuppression being the main risk factors. Older age, large infiltrate, and poor presenting vision were predictive of poor visual outcome and delayed corneal healing, highlighting the importance of prevention and early intervention for BK.

Keywords: ocular surface disease, dry eye, corneal ulcer, corneal infection, contact lens, corneal ulcer, microbial keratitis, diabetes


INTRODUCTION

Infectious keratitis is a major cause of corneal blindness in both developed and developing countries (1). The incidence has been estimated at 2.5–799 cases per 100,000 population/year (1–4). Subject to geographical, temporal and seasonal variations, bacteria, and fungi are the most commonly implicated organisms in infectious keratitis (4–8). The variations are mainly attributed to the difference in the climate of the studied region and the population-based risk factors, particularly contact lens wear, trauma, and agricultural activities.

Bacterial keratitis (BK) has been consistently shown to be the main causative organisms in the UK and other developed countries. Based on the recent literature, BK represents 90–93% and 72–86% of all culture-proven infectious keratitis cases in the UK and in North America, respectively (4, 9–13). In our recent Nottingham Infectious Keratitis Study, we observed that 92.8% of the culture-proven infectious keratitis cases were caused by bacteria, with Pseudomonas aeruginosa being the most common isolate (4). In addition, we observed a seasonal predilection of P. aeruginosa keratitis in summer, which has been hypothetically linked to the increased use of contact lens wear and trauma during outdoor/water activity (6), though such association remains to be elucidated.

In view of the prevalence of BK in the UK and other parts of the world, it is important to understand the underlying risk factors (for preventative measures) and the clinical outcomes of BK. To date, the majority of UK studies had largely focussed on the epidemiology, causative microorganisms, and antimicrobial resistance of bacteria (4, 9–11), with limited information on the risk factors and outcomes of BK (14, 15). In this study, we aimed to examine the risk factors, clinical characteristics, outcomes and prognostic factors of BK in Nottingham, UK.



MATERIALS AND METHODS

This was a retrospective study of all cases of BK that presented to the Queen's Medical Centre, Nottingham, UK, between January 2015 and December 2019 (a 5-year period). The study was approved by the Clinical Governance team in the Nottingham University Hospitals NHS Trust as a clinical audit (Ref: 19-265C).


Case Identification and Definition

Potential cases of BK were first identified via the local microbiological database as described in previous studies (4, 6). Subsequently, the medical case records were examined to confirm the eligibility of the potential cases prior to inclusion into the study. Both culture-positive and culture-negative presumed BK cases were included in this study. Culture-positive BK was defined as the presence of clinical BK with confirmation of the causative bacteria on microbiological culture. Culture-negative BK was diagnosed based on the clinical findings and the clinical course of the disease where improvement and/or resolution of the infection was achieved by intensive topical antibiotic treatment without other types of antimicrobial treatment. Cases that did not have complete initial and/or follow-up data were excluded from this study. Fungal, viral and parasitic keratitis were excluded from this study. The identity of microorganisms was confirmed through standard culture and bacteriology tests. In vivo confocal microscopy (IVCM) using the Heidelberg Retinal Tomography (HRT) II with Rostock Cornea Module (Heidelberg Engineering Ltd., Hertfordshire, UK) was utilised to aid the diagnosis (or exclusion) of fungal and Acanthamoeba keratitis.



Data Collection

Relevant data, including demographic factors, risk factors, clinical characteristics, types of bacteria, corrected-distance-visual-acuity (CDVA), management, outcome and complications, were collected using a standardised excel proforma. Risk factors were divided into: (1) contact lens wear; (2) trauma; (3) ocular surface diseases (e.g., dry eye, meibomian gland dysfunction, neurotrophic keratopathy, exposure keratopathy, previous corneal infection, recurrent corneal erosion syndrome, limbal stem cell deficiency, cicatricial conjunctivitis, band keratopathy, and bullous keratopathy); (4) use of topical corticosteroids; (5) previous/recent history of corneal surgery (e.g., corneal graft, pterygium surgery, corneal collagen cross-linking, and corneal debridement/delamination); and (6) systemic immunosuppression (e.g., diabetes, systemic immunosuppressive treatment, malnutrition, and immunodeficiency). The size of epithelial defect and infiltrate were categorised as small (≤3 mm), moderate (3.1–6 mm), or large (>6 mm), based on the maximum linear dimension (Figures 1A–C). The location of the ulcer was divided into peripheral (the entire ulcer was within 3 mm from the limbus, paracentral (in between the central and peripheral location), and central (any part of the ulcer affecting the visual axis; Figures 1D–F). Recurrence was defined as the re-occurrence of BK after complete resolution of the previous BK episode, irrespective of the time interval between the first and subsequent infective episode. To avoid any duplication of the patient's risk factors in bilateral or recurrent BK cases, we only included one eye per patient in this study. For recurrent cases, only the first BK episode was included and analysed, regardless of the laterality of infection in the subsequent infective episode.
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FIGURE 1. (A–C) Examples of bacterial keratitis with varying severity, including (A) small infiltrate (≤3 mm), (B) moderate infiltrate (3.1–6 mm), and (C) large infiltrate (>6 mm). (D–F) Examples of bacterial keratitis in different locations, including (D) peripheral, (E) paracentral, and (F) central location.




Microbiological Culture, Diagnosis, and Treatment

Based on the departmental guideline for infectious keratitis, all patients presented with corneal ulcer(s) of >1 mm diameter, central location, associated with significant anterior chamber reaction/hypopyon, or atypical presentation were subjected to microbiological investigation with corneal scraping for microscopy (with Gram staining) and microbiological culture and sensitivity testing (4, 6). Corneal scrapes were inoculated on chocolate agar (for fastidious organisms), blood agar (for bacteria), and Sabouraud dextrose agar (for fungi). For suspected cases of Acanthamoeba keratitis, corneal swab and/or epithelial biopsy was obtained for culture on non-nutrient agar with Escherichia coli overlay. All cultures were incubated for at least 1 week (and up to 3 weeks for suspected Acanthamoeba keratitis and fungal keratitis).

All patients with BK were started on hourly topical treatment using either levofloxacin 0.5% monotherapy or combined therapy of fortified cephalosporin (cefuroxime 5%) and aminoglycoside (either amikacin 2.5% or gentamicin 1.5%), based on the severity of cases and the clinician's preference. Hospitalisation was warranted if the ulcer was severe (i.e., central, infiltrate >2 mm, or presence of hypopyon) or was unresponsive to the initial antibiotic treatment, or the patient was unable or unlikely to comply with the intensive treatment regimen. All patients that were admitted for treatment were started on the combined therapy. Further changes to the antibiotic treatment were made, if necessary, based on the clinical course and the microbiological results.



Statistical Analysis

Statistical analysis was performed using SPSS version 26.0 (IBM SPSS Statistics for Windows, Armonk, NY, USA). For descriptive and analytic purposes, the cases were divided into culture-positive and culture-negative BK cases. Comparison between groups was conducted using Pearson's Chi square or Fisher's Exact test where appropriate for categorical variables, and T-test or Mann–Whitney U-test for continuous variables. All continuous data were presented as mean ± standard deviation (SD) and/or 95% confidence interval (CI).

The main outcome measures were corrected-distance-visual-acuity (CDVA) and time to complete corneal healing, defined as complete resolution of infection with corneal re-epithelialisation. Snellen vision was converted to logMAR vision for analytic purpose. Vision of counting fingers (CF), hand movement (HM), perception of light (PL) and no perception of light (NPL) were quantified as 1.9, 2.3, 2.8, and 3.0 logMAR, respectively (16, 17). For cases that required therapeutic or tectonic keratoplasty, the vision prior to the transplant was used as the final CDVA. In enucleation or evisceration cases, a CDVA of 3.0 logMAR (equivalent to NPL vision) was assigned as the final vision. Multivariable logistic regression analysis was performed to examine for any potential prognostic factors for poor visual outcome, defined as CDVA of worse than 6/24 (or <0.6 logMAR), and poor corneal healing, defined as >30 days to achieve complete corneal healing, occurrence of uncontrolled infection or corneal perforation requiring corneal gluing, tectonic or therapeutic keratoplasty, and/or evisceration/enucleation. The results of logistic regression analyses were presented in odd ratios (ORs) with 95% confidence interval (CI). P-value of <0.05 was considered statistically significant.




RESULTS


Overall Description

During the 5-year study period, a total of 283 patients (n = 283 eyes) with BK were included. The mean age was 54.4 ± 21.0 years (range, 4.9–92.7 years), 50.9% patients were male, and 51.2% cases affected the left eye (Table 1). Two bilateral BK cases were identified and only the right eye was included. The mean follow-up duration was 6.0 ± 8.9 months. Of all included cases, 128 (45.2%) and 155 (54.8%) cases were culture-positive and culture-negative BK (Table 1).


Table 1. Summary of the demographic factors, risk factors, and baseline clinical characteristics of bacterial keratitis presented to Queen's Medical Centre, Nottingham, UK.
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Risk Factors and Causative Organisms

Nearly all (273, 96.5%) patients were found to have at least one risk factor, with 66 (23.3%) patients having two risk factors, and 18 (6.4%) patients having three or more risk factors for BK. Ocular surface diseases (134, 47.3%) were the most common risk factor, followed by contact lens wear (100, 35.3%), systemic immunosuppression (52, 18.4%), prior corneal surgery (39, 13.8%), use of topical corticosteroids at presentation (31, 11.0%), and trauma (25, 8.8%; Table 1). Contact lens wear was more commonly associated with younger patients (≤ 50 years) whereas systemic immunosuppression was more commonly associated with older patients (>50 years; Table 2).


Table 2. Summary of risk factors based on different age groups.

[image: Table 2]

Of the 128 culture-positive cases, 10 (7.8%) cases grew more than one species, with a total of 138 bacteria being identified (Table 3). Pseudomonas aeruginosa (44, 31.9%) was the most common isolate identified, followed by Staphylococci spp. (36, 26.1%) and Streptococci spp. (16, 11.6%). Contact lens wear was most commonly associated with P. aeruginosa (23, 51.1%) whereas Staphylococci spp. were most commonly implicated in non-contact lens-related BK cases, including those affected by ocular surface disease (20, 31.7%), previous history of corneal surgery (10, 40.0%), and use of topical corticosteroids (7, 33.3%; p = 0.017; Table 3).


Table 3. Summary of causative organisms of bacterial keratitis in Nottingham, UK, and their association with different risk factors.
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Clinical Characteristics

The baseline clinical characteristics are summarised in Table 1. At baseline, 124 (43.8%) patients presented with a CDVA of <1.0 logMAR. The most commonly observed clinical characteristics of the ulcer were small epithelial defect size (172, 60.8%), small infiltrate size (183, 64.7%), central location (110, 38.9%), and absence of hypopyon (201, 71.0%). The mean duration of symptoms prior to presentation was 5.3 ± 7.2 days. Hospitalisation for intensive treatment was required in 162 (57.2%) patients, with a mean hospitalisation duration of 8.0 ± 8.3 days. The baseline clinical characteristics of BK were significantly different between culture-proven and culture-negative cases. Culture-proven cases were more commonly associated with older age (p = 0.004), prior corneal surgery (p = 0.011), use of topical corticosteroids (p = 0.008), poorer presenting CDVA (p < 0.001), larger epithelial defect/infiltrate size (p < 0.001), central or paracentral ulcer (p = 0.002), presence of hypopyon (p < 0.001), and need for hospitalisation for intensive treatment (p < 0.001).



Medical and Surgical Treatment

A total of 237 (83.7%) patients were successfully treated with medical treatment alone, while 46 (16.3%) patients required additional surgical interventions for controlling the infection and/or its sequelae. Various surgical interventions were performed, including corneal gluing (22, 7.8%), temporary/permanent tarsorrhaphy (13, 4.6%), single or multi-layer amniotic membrane transplant (11, 3.9%), conjunctival hooding (3, 1.1%), and emergency therapeutic/tectonic keratoplasty (2, 0.7%), evisceration (2, 0.7%), and enucleation (2, 0.7%). Five (1.8%) patients required elective optical penetrating keratoplasty after the resolution of infection.



Clinical Outcomes and Prognostic Factors

The mean CDVA (in logMAR) improved from 1.17 ± 1.03 at presentation to 0.80 ± 1.00 at final follow-up (p < 0.001). From baseline to final follow-up, the proportion of patients with CDVA of ≥0.30 logMAR improved from 31.4 to 53.0%, with the proportion of CDVA of <1.0 logMAR reducing from 43.8 to 30.4% (p < 0.001; Figure 2). Twenty-three (8.1%) patients had a final CDVA of PL or worse, including four (1.4%) patients that had evisceration/enucleation. Multivariable logistic regression demonstrated that poor visual outcome (CDVA <0.6 logMAR) was significantly influenced by age >50 years old (OR 2.61; 95% CI, 1.24–5.47; p = 0.011), infiltrate size >3 mm (OR 4.07; 95% CI, 1.21–13.73; p = 0.024), central ulcer (OR 2.13; 95% CI, 1.01–4.51; p = 0.047), and presenting CDVA of <0.6 logMAR (OR 29.70; 95% CI, 10.47–84.18; p < 0.001; Table 4).
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FIGURE 2. Summary of corrected-distance-visual-acuity (CDVA) of patients with bacterial keratitis at initial presentation and at final follow-up.



Table 4. Prognostic factors for poor visual outcome [defined as corrected-distance-visual-acuity (CDVA) of <0.60 logMAR] and poor corneal healing (defined as >30 days to achieve complete healing or occurrence of corneal perforation or uncontrolled infection) in bacterial keratitis.
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Although our analysis showed that patients with duration of ocular symptoms of ≥7 days had a worse visual outcome (<0.6 logMAR CDVA), the association was not significant in the multivariable regression analysis (not presented herein). We had not included the duration of ocular symptoms as one of the independent variables in our current regression model in view of the high amount (~15%) of missing data in this parameter, which could negatively affect the multivariable regression analysis.

In terms of complete corneal healing, 278 (98.2%) patients achieved complete corneal healing at final follow-up, with four patients requiring evisceration/enucleation and one patient was still undergoing active treatment. The mean corneal healing time was 1.6 ± 1.5 months, with 157 (55.5%) patients having a corneal healing time of >30 days. Multivariable logistic regression analysis demonstrated that poor corneal healing (>30 days to achieve complete healing) was significantly affected by age >50 years (OR 1.86; 95% CI, 1.06–3.24; p = 0.030), involvement of right eye (OR 1.82; 95% CI, 1.05–3.16; p = 0.033), infiltrate size >3 mm (OR 3.46; 95% CI, 1.24–9.70; p = 0.018), and presenting CDVA of <0.6 logMAR (OR 2.22; 95% CI, 1.19–4.15; p = 0.013; Table 4). Other factors such as gender, culture positivity, and presence of hypopyon did not significantly influence the visual outcome or the corneal healing time (all p > 0.05).



Complications

A number of complications were observed in this study, including raised intraocular pressure (>21 mmHg)/glaucoma (32, 11.3%), recurrence of infection (28, 9.9%), threatened/actual corneal perforation (25, 8.8%), complete loss of vision/NLP (11, 3.9%), loss of eye (4, 1.4%), and phthisis bulbi (1, 0.4%). The rate of recurrence of infection was similar between culture-positive (13, 10.2%) and culture-negative cases (15, 9.7%; p = 0.95).




DISCUSSION

BK is the most common cause of infectious keratitis in the UK and in many developed countries. To the best of our knowledge, this study represents one of the largest and most up-to-date studies in the UK specifically examining the risk factors, clinical characteristics, outcomes and prognostic factors of BK.


Risk Factors and Causative Organisms

BK rarely occurs in the absence of any predisposing factor. In this study, relevant risk factors were identified in 96.5% of the patients, with 29.7% of them having two or more risk factors. Identification of risk factors for BK is important as it allows the clinicians to manage the identified risk factors to reduce the risk of recurrence of infection and helps provide some insights into the underlying causative organisms, thereby guiding the choice of antimicrobial treatment, especially in the absence of positive microbiological culture results.

Risk factors for infectious keratitis have been shown to vary considerably across different studies (1). Contact lens wear is one of the most common risk factors for infectious keratitis in the developed countries whereas trauma is most commonly implicated in developing countries (1, 18–20). Kaye et al. (14) previously conducted a multi-centre study in the UK examining the risk factors and outcomes of BK in 2003–2006. The most common risk factor was found to be corneal/ocular surface diseases (50%) and contact lens wear (32%). Another UK study conducted by our group in 2007–2010 examining the profile of sight-threatening infectious keratitis in Nottingham (which included BK and Acanthamoeba keratitis) observed that ocular surface disease (33%), contact lens wear (26.5%), and previous ocular surgery (20.2%) were the most common risk factors. A similar distribution of the risk factors was observed in our study where ocular surface diseases and contact lens wear were found to be most common factors, suggesting that the population-based risk factors for BK in the UK had remained similar over the past two decades.

In contrast, Khoo et al. (19) had recently examined the clinical characteristics of infectious keratitis (all types of organisms) in Sydney, Australia, and reported that contact lens wear (63%) and topical use of steroid (24%) were the most common risk factors, highlighting the difference in risk factors among different regions, even in the setting of developed countries. Gaining a better knowledge of the region-specific population risk factors enables a more targeted preventative strategy and research focus for reducing the incidence and burden of infectious keratitis. Interestingly, an immunosuppressed state (which included diabetes) was found to be the third most common risk factor for BK in our study. This might be attributed to the overall reduced immunity and specifically at the ocular surface, promotion of microbial growth (in hyperglycaemia), and presence of undiagnosed ocular surface diseases such as dry eye disease and neurotrophic keratopathy that are commonly linked to diabetes (1, 21, 22).

We observed that contact lens-related BK was most commonly caused by P. aeruginosa, which is consistent with the findings of many other studies. This observation also provides support to our previous hypothesis on the increased prevalence of P. aeruginosa-related BK during the summer season due to increased contact lens wear (6). On the other hand, Gram-positive bacteria, including Staphylococci spp., which are common ocular surface commensals, are more frequently identified in BK cases affected by ocular surface diseases, prior ocular surgery and use of topical steroids. This was consistent with other studies whereby Gram-positive bacteria were most commonly implicated in BK associated with ocular surface diseases (23). Therefore, in non-contact lens-related culture-negative BK cases that are not responsive to fluoroquinolone monotherapy, adding a cephalosporine would be beneficial as it normally provides good coverage to Gram-positive bacteria (4).



Clinical Characteristics

In our study, we observed that many of the BK cases were of mild severity (i.e., small ulcer size without the presence of hypopyon). This was likely attributed to the fact that the majority of our patient sought medical attention within the first week of their ocular symptoms. This may also explain the lesser (16%) need for additional surgical interventions compared to other studies. An Indian study of infectious keratitis conducted a decade ago showed that only 0.02% of their patients presented within the first week of ocular symptoms, with 12% of the cohort presenting 1 month after the onset of symptoms (24). Notably, 43% of their BK patients required surgical interventions, considerably higher than our study. Another recent Indian study of infectious keratitis conducted at another region observed that the median duration of ocular symptoms was 7 days, with 72% cases caused by corneal trauma (18). The heterogeneity in the promptness of patients seeking medical attention is likely related to the difference in the culture, level of education and health awareness, causes/risk factors (earlier in trauma-related cases), and accessibility to healthcare facility.



Microbiological Culture Results and Associations

Corneal scraping for culture and sensitivity testing remains the most common microbiological investigations for infectious keratitis. While the culture yield has been shown to be variably low (23.7–77%) (1, 25, 26), this is currently the only method that could provide both the information of the underlying causative organisms and the antimicrobial susceptibility and resistance results. In this study, 45% of our cases were culture-proven but this was not truly reflective of the culture yield of infectious keratitis in our region as cases with incomplete data or inconclusive cause were excluded from this study. We observed that culture positivity was significantly associated with several factors, including increased age, large ulcer size, central ulcer, prior corneal surgery or use of topical steroids, and worse presenting vision. Such association is likely attributed to the more severe disease and higher microbial load at presentation. This is in accordance with the “1, 2, 3 Rule” advocated by Vital et al. (27) that corneal culture should be performed when any of the three clinical parameters is met (i.e., ≥1+ anterior chamber cells, ≥2 mm infiltrate, or infiltrate ≤ 3 mm distance from the corneal centre) as it predicts the severity, outcome and likelihood of positive culture in infectious keratitis (28). In addition, Cariello et al. (29) similarly showed that previous use of topical steroids increased the chance of positive culture. Therefore, these findings suggest that performing corneal culture in older patients with more severe disease and with prior use of topical steroids is more likely to have a positive culture.



Outcomes and Prognostic Factors

The majority (84%) of our cases healed with medical treatment alone. While 25 (9%) patients developed threatened/actual perforation, most of them (21, 84%) were amenable to corneal gluing, multi-layer amniotic membrane transplant or conjunctival hooding, with only 2 (0.7%) requiring emergency tectonic keratoplasty. This is in contrast with the findings of the Asia Cornea Society Infectious Keratitis Study (ASCIKS) whereby ~10% of the cohort required emergency therapeutic keratoplasty (5). Another Australian study, which included all types of infectious keratitis, showed that 6% of the patients required either therapeutic keratoplasty, evisceration or enucleation (19). The discrepancy among the studies may be related to the difference in the severity of the presenting ulcer, the risk factors (lower proportion of trauma in our study), and the inclusion of fungal keratitis and/or polymicrobial keratitis, which are often more difficult to manage compared to BK (5, 18, 19, 24, 30).

A number of important prognostic factors for visual outcome and corneal healing were identified in our study. We observed that poor visual outcome was significantly influenced by older age, larger infiltrate, central ulcer, and poor presenting CDVA. Khoo et al. (19) similarly demonstrated that older patients with worse presenting vision and larger ulcer were more likely to experience a poor outcome, which was defined as vision of <6/60, decrease vision during treatment, or occurrence of complications requiring keratoplasty, evisceration or enucleation. Parmar et al. (31) also reported that elderly patients (≥65 years old) were more commonly affected by central and larger ulcers and worse visual outcome.

Additionally, we showed that corneal healing was negatively affected by older age, larger infiltrate size and poorer presenting vision. Gaining a better knowledge of these prognostic factors may enable earlier interventions (e.g., temporary tarsorrhaphy or amniotic membrane transplant) to help promote corneal healing and re-epithelialisation (32–35). The poorer corneal wound healing in older patients with BK is likely related to the presence of co-existing ocular surface diseases (e.g., dry eyes, neurotrophic keratopathy, and others), immunosuppression and the age-related reduction in proliferative ability of the limbal stem cells (36–38).



Strengths and Limitations

This study serves as one of the largest and most up-to-date examination of the risk factors, clinical characteristics and outcomes of BK in the UK. One of the limitations of this study was the inclusion of culture-negative BK cases. However, we had examined the medical case notes to ensure that these cases were true BK cases based on the clinical presentation and the clinical course. In addition, inclusion of the culture-negative cases enabled the examination of potential predictive factors for culture positivity and the outcome of these cases as culture-negative BK cases represents a large proportion of infectious keratitis in clinical practise. The issue with low culture yield in infectious keratitis has been consistently highlighted in many studies (1, 2). To overcome this clinical barrier, a number of novel and emerging technologies, including MALDI-TOF mass spectrometry (39, 40), IVCM (41), polymerase chain reaction (PCR) (42), next generation sequencing (43), and artificial intelligence-assisted platforms (44), have been developed and/or implemented in clinical practise. In addition, emerging treatment such as therapeutic corneal collagen cross-linking, ultraviolet C treatment, polymer-based treatment, and antimicrobial peptides may serve as useful adjunctive treatment in the near future, improving the management and treatment outcome of infectious keratitis (45–49).

In conclusion, BK represents a significant ocular morbidity in the UK. It not only significantly affects the patients' vision but also places considerable burden on the healthcare services as hospital admission is often required for intensive medical treatment and/or surgical intervention for BK. Affected patients are usually working adults (18–64 years) and hence the disease can have significant impact on the public and private workforce. As the visual outcome of BK is affected by the initial severity of the infection and the presenting vision, the importance of “prevention is better than cure” cannot be overemphasised. Ocular surface diseases, contact lens wear and systemic immunosuppression are important risk factors for BK and better preventative strategies need to be developed and targeted towards these areas. Future studies evaluating the risk factors and outcomes of other types of infectious keratitis, including fungal and Acanthamoeba keratitis, would be invaluable.
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