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Abstract 
Background: Filamentous fungal infections of the cornea, filamentous fungal keratitis (FK), are 

challenging to treat. Current topical antifungals are not always effective and are often unavailable. 
Topical natamycin 5% is usually first-line treatment, however, even when treated intensively, 
infections may progress to corneal perforation; alternative antifungal medications are needed. 

Previous pilot studies suggest that topical chlorhexidine 0.2% compares favourably with topical 
natamycin. Full-scale randomised controlled trials (RCTs) of topical chlorhexidine 0.2% are 

warranted to answer this question definitively. In addition, outcomes for patients with FK are poor 
as they often present late, clinical diagnosis is challenging, and investigations are limited. 

Developing the evidence-base to guide practice and ultimately improve outcomes is therefore 
required. 

 
Methods: All consenting patients with microbial keratitis (MK) attending a tertiary ophthalmic 

referral hospital in Eastern Nepal were assessed for the presence of FK by in vivo confocal 
microscopy (IVCM) and/or smear microscopy. Demographic, clinical, journey, and microbiological 

data were collected from all these patients. These data were analysed in a cohort study to 
investigate reasons associated with delayed presentation as well as two nested case-controlled 
studies, investigating indicative clinical features and evaluating investigations. Patients with 

confirmed FK were enrolled in the RCT and randomly allocated to receive topical chlorhexidine 
0.2% or topical natamycin 5%. Primary analysis (intention-to-treat) was by linear regression, using 

baseline logarithm of the minimum angle of resolution (logMAR) best spectacle-corrected visual 
acuity (BSCVA) and treatment arm as prespecified covariates. The primary outcome measure was 

BSCVA at 3 months. Secondary outcome measures included perforation or therapeutic 
penetrating keratoplasty by 90 days. 

 
Results: Between 3 June 2019 and 9 November 2020 we enrolled 643 patients with MK. Of these, 

354 were eligible for the RCT and randomly assigned: 178 to chlorhexidine and 176 to natamycin. 
Excluding mixed infections, primary outcome data were available for 141 and 143 of the 

chlorhexidine and natamycin groups, respectively. We did not find evidence to suggest 
chlorhexidine was noninferior to natamycin and in fact found strong evidence to suggest that 
natamycin-treated participants had significantly better 3-month BSCVA than chlorhexidine-treated 

participants, after adjusting for baseline BSCVA (regression coefficient, −0.30; 95% confidence 
interval [CI], −0.42 to −0.18; P < 0.001). There was no difference in re-culture positivity between 

arms at day 7. The majority of chlorhexidine-treated patients healed (151/175, 86.3%), although 
this was less than natamycin-treated cases (163/173, 94.2%; P = 0.018). Furthermore, there were 

more perforations and emergency corneal grafts in the chlorhexidine arm (24/175, 13.7%) than in 
the natamycin arm (10/173, 5.8%; P = 0.018, mixed infections included). 
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A fungal cause was identified in 482/642 (75.1%) of cases, which increased to 532/642 (82.9%) 
when including mixed infections. Unusually, dematiaceous fungi accounted for half of the culture-

positive cases (50.6%). Serrated infiltrate margins, patent nasolacrimal duct, raised corneal 
slough, and organic trauma were independently associated with fungal keratitis (p < 0.01). Smear 

microscopy had the highest sensitivity (90.7% [87.9-93.1%]), followed by IVCM (89.8% [86.9-
92.3%]) and culture (75.7% [71.8-79.3%]). Of the three smear microscopy stains, KOH had the 

highest sensitivity (85.3% [81.9-88.4%]), followed by Gram stain (83.2% [79.7-86.4%]) and 
calcofluor white (79.1% [75.4-82.5%]). 

 
In the cohort study, the majority of patients (96%) self-referred. Over half (328/643) of all cases 

presented after at least seven days. The total cost of care increased with increasing numbers of 
facilities visited (P<0.001). Those living furthest away were least likely to present directly 

(P<0.001). Factors independently associated with delayed presentation included distance >50km 
from the eye hospital (aOR 5.760 [95% CI 1.829-18.14, p=0.003]), previous antifungal use (aOR 
4.706 [95% CI 3.139-5.360]), and two or more previous journeys (aOR 1.442 [95% CI 1.111-

3.255]). 
 

Conclusion: Treatment with natamycin is associated with significantly better visual acuity, with 
fewer perforations, compared to treatment with chlorhexidine. However, the proportion of healed 

chlorhexidine-treated cases is comparable to that of voriconazole reported in earlier trials. 
Natamycin remains the preferred first-line monotherapy treatment for filamentous fungal keratitis. 

Chlorhexidine 0.2% may be considered in situations where natamycin is unavailable. Smear 
microscopy and IVCM were the most sensitive tools for identifying FK in our cohort, whilst certain 

clinical signs can help direct the clinician to find a presumptive infectious cause, allowing 
appropriate treatment to be started without delay. Distance to the eye hospital is a significant 

barrier to prompt, direct presentation. 
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Format of the Thesis 
 

The thesis for this PhD utilises the “research papers” format, recently introduced by the 

London School of Hygiene and Tropical Medicine. It therefore includes several papers which 

are either published, accepted or in submittable format for publication in peer-reviewed 

journals. The chapters listed in italics in the Contents are in this research/review paper format, 

and each chapter includes publication details in a cover sheet, including acknowledgement of 

the contributions of other people. The other chapters of the thesis are composed of “linking 

material” which includes information/data not covered in the research papers and helps to 

make the thesis a coherent body.  

  



Jeremy Hoffman PhD Thesis 2023 9 

List of Tables 
Chapter 1: Mycotic Keratitis: A Global Threat from the Filamentous Fungi 

• Table 1: Incidence of microbial keratitis from population-based studies 

• Table 1*: Global epidemiology of fungal keratitis (FK), most frequently isolated fungal 

organisms and summary results of select papers on risk factors for developing FK, 

grouped as per their geographical region (as defined by the UN) 

• Table 2: Studies that have investigated the diagnostic accuracy of in vivo confocal 

microscopy for fungal keratitis.  

Chapter 3: Research setting 

• Table 1: Blindness and visual impairment in Sagarmatha zone reported in the 2009 

RAAB  

Chapter 4: Overview of the study design 

• Table 1: Specific research objectives 

Chapter 5: Microbial keratitis in Nepal: Predicting the Microbial Aetiology from Clinical 
Features 

• Table 1*: Demographic characteristics and clinical history of study participants. 

• Table 2*: Clinical features and diagnosis at presentation.  

• Table 3*: Aetiology of microbial keratitis with corresponding results of investigations.  

• Table 4*: Identification of fungi isolated from corneal samples of patients with microbial 

keratitis.  

• Table 5*: Clinical features occurring in fungal and non-fungal keratitis (mixed infections 

included), with univariable analysis for features associated with fungal keratitis.  

• Table 6*: Multivariable analysis of clinical features occurring in fungal and bacterial 

keratitis (mixed infections included).  

• Table 7*: Screening test indices of each score  

Chapter 6: Diagnosis of fungal keratitis in low-income countries: evaluation of smear 
microscopy, culture, and in vivo confocal microscopy in Nepal 

• Table 1*: Microbial aetiology for 642 keratitis patients categorised by group of 

organism and diagnostic techniques, both separately and for the composite diagnosis 

using all methods combined.  

• Table 2*: Sensitivity values for detecting filamentous fungi (n=532) using smear 

microscopy, in vivo confocal microscopy, and culture compared to a composite 

diagnosis reference standard (mixed bacterial-fungal infections included). 



Jeremy Hoffman PhD Thesis 2023 10 

• Table 3*: Sensitivity values for detecting filamentous fungal keratitis (n=532) using 

different smear microscopy stains compared to a composite diagnosis reference 

standard (mixed infections included).  

• Table 4*: Proposed diagnostic approach for clinicians working in low-resourced 

settings in tropical and sub-tropical latitudes where fungal keratitis is more prevalent 

Chapter 7: Topical chlorhexidine 0.2% versus topical natamycin 5% for fungal keratitis 
in Nepal: rationale and design of a randomised controlled non-inferiority trial 

• Table 1*: Inclusion and exclusion criteria for enrolment in stage 1 (MK cases) and 

stage 2 (the randomised controlled trial) 
• Table 2*: Baseline assessment 
• Table 3*: Baseline and follow-up assessment components 

• Table 4*: Secondary outcome measures that will be investigated as part of the trial, 

together with analysis details 

• Table 5*: Registration data and protocol summary 

Chapter 8: Topical Chlorhexidine 0.2% versus Topical Natamycin 5% for the Treatment 
of Fungal Keratitis in Nepal. A Randomized Controlled Noninferiority Trial 

• Table 1*: Baseline Demographic and Clinical Characteristics for All Enrolled Patients 

(including Mixed Infections) 
• Table 2*: Clinical Outcomes and Adverse Events by Treatment Group (including Mixed 

Infections) 
 
Chapter 9: Delay in accessing definitive care for patients with microbial keratitis in 
Nepal 

• Table 1*: Baseline characteristics of direct vs. indirect presenters 
• Table 2*: Clinical history and clinical signs of direct vs. indirect presenters 
• Table 3*: Univariable and multivariable logistic regression analysis of factors 

associated with direct presentation to the eye hospital 

• Table 4*: Money spent by patients per number of facilities visited before coming to the 

eye hospital 

• Table 5*: Univariable and multivariable ordinal logistic regression analysis of factors 

associated with delay among patients with microbial keratitis 

 
 
* Table number with (*) refers to the number in the published journal article   



Jeremy Hoffman PhD Thesis 2023 11 

List of figures 
Chapter 1: Mycotic Keratitis: A Global Threat from the Filamentous Fungi 

• Figure 1*: Fungal keratitis in a patient presenting to an ophthalmic hospital in Nepal. 

• Figure 2*: The progression of a patient with fungal keratitis caused by Aspergillus sp. 

• Figure 3*: Fungal keratitis as a proportion of all culture positive microbial keratitis 

cases, by distance from the equator, with select locations shown. 

• Figure 4*: Percentage of fungal cases as a subset of MK plotted by country at two 

timepoints. 

• Figure 5*: Differing clinical phenotypes of filamentous fungal keratitis depending on 

the fungal organism. 

• Figure 6*: Algorithm for determining the probability of fungal keratitis. 

• Figure 7*: Microscopic appearance of filamentous fungal hyphae in corneal tissue 

(corneal scrape specimens) using different staining techniques. 

• Figure 8*: In vivo confocal microscopy of fungal keratitis 

• Figure 9*: Algorithm for diagnosing fungal keratitis. 

• Figure 10*: Examples of dematiaceous fungal genera isolated from cases of fungal 

keratitis stained with LPCB. 

• Figure 11*: Histology section of cornea infected with Scedosporium apiospermum 

• Figure 1: IVCM image from a patient with Aspergillus keratitis in Nepal showing 

presence of numerous hyperreflective filaments or hyphae 

• Figure 1: IVCM image from patients with Acanthamoeba keratitis 

• Figure 2: Forrest plot for topical fluoroquinolone compared with topical fortified 

aminoglycoside–cephalosporin indicating no difference in chance of treatment 

success. 

Chapter 2: Management of Fungal Keratitis 
• Figure 1: Forest plot of topical natamycin 5% versus voriconazole 1%  

• Figure 2: Forest plot of topical natamycin 5% versus voriconazole 1% 

• Figure 3: Forest plot of topical natamycin 5% versus voriconazole 1% 

• Figure 4: Forest plot of topical natamycin 5% versus voriconazole 1%  

• Figure 5: Tropical, Systemic and Targeted Therapy (TST) protocol for the 

management of fungal keratitis.  

• Figure 6: Progression of Fusarium fungal keratitis in a Tanzanian patient despite 

prompt treatment with topical natamycin 5% 

• Figure 7: Forest plot of topical natamycin 5% versus chlorhexidine 0.2% 

 



Jeremy Hoffman PhD Thesis 2023 12 

Chapter 3: Research setting 

• Figure 1: Political map of Asia, showing location of Nepal relative to neighbouring 

China and India. 

• Figure 2: Political map of Nepal.  

• Figure 3: Nepal’s geographic regions.  

• Figure 4: Population pyramid of Nepal, 2021. U.S. Census Bureau International 

Database. 

• Figure 5: A: Arable agriculture in the Terai during the harvest season; B: View across 

the Terai, with Pahad hills in the distance; C: Subsistence farming in the Terai in 2018, 

with a man riding an Ox; D: Subsistence farming on the outskirts of Lahan, in the Terai 

zone; E: Typical rural housing in the Terai; F: Produce grown in the Terai being sold 

elsewhere in Nepal; G: Paddy fields in the Terai following the monsoon rains 

• Figure 6: Provincial map of Nepal 

• Figure 7: Three Nepali Madhesi women in Lahan, Terai zone, during the celebration 

of a Hindu festival. 

• Figure 8: Structure of the Nepali Health System.  

• Figure 9: Signage at the entrance to SCEH indicating the locations of satellite eye 

care centres (ECCs). 

• Figure 10: Staff members stand outside the entrance to an ECC in Madhesh Province 

• Figure 11: Entrance to Sagarmatha Choudhary Eye Hospital, Lahan 

• Figure 12: Patients queue for outpatients at Sagarmatha Choudhary Eye Hospital, 

Lahan 

• Figure 13: The research team at SCEH, Lahan 

• Figure 14: A blessing took place after the delivery of the Corneal Research Project 

vehicle 

• Figure 15: Unloading of laboratory equipment for the new microbiology laboratory at 

SCEH 

• Figure 16: In vivo confocal microscopy in use at SCEH 

• Figure 17: A new microbiology laboratory was constructed at SCEH. This photograph 

was taken prior to the installation of the new equipment. 

Chapter 4: Overview of the study design 
• Figure 1: Overview of research project. 

• Figure 2: Overview of the clinical trial.  

Chapter 5: Microbial keratitis in Nepal: Predicting the Microbial Aetiology from Clinical 
Features 



Jeremy Hoffman PhD Thesis 2023 13 

• Figure 1*: Number of microbial keratitis cases presenting per month and monthly 

rainfall within Province 2.  
• Figure 2*: Operating characteristic curve showing the probability of fungal infection at 

different scores. 
Chapter 6: Diagnosis of fungal keratitis in low-income countries: evaluation of smear 
microscopy, culture, and in vivo confocal microscopy in Nepal 

• Figure 1*: Venn diagram showing the number of cases that were positive for 

filamentous fungal keratitis (n = 532, including mixed bacterial-fungal cases) using 

culture, smear microscopy, and in vivo confocal microscopy (IVCM). 

• Figure 2*: Venn diagram showing the number of cases that were positive for 

diagnosing filamentous fungal keratitis (including mixed bacterial-fungal cases) by 

smear microscopy (n=423) using different smear microscopy stains: Gram, potassium 

hydroxide (KOH), and calcofluor white (CFW). 

 

Chapter 7: Topical chlorhexidine 0.2% versus topical natamycin 5% for fungal keratitis 
in Nepal: rationale and design of a randomised controlled non-inferiority trial 

• Figure 1*: Fungal keratitis and corneal scarring 
• Figure 2*: Progressive fungal keratitis 

• Figure 3*: Overview of the clinical trial. 
 

Chapter 8: Topical Chlorhexidine 0.2% versus Topical Natamycin 5% for the Treatment 
of Fungal Keratitis in Nepal. A Randomized Controlled Noninferiority Trial 

• Figure 1*: Trial profile 
• Figure 2*: Ninety-day BSCVA versus baseline BSCVA for patients in each 

investigational arm (excluding mixed infections) 
• Figure 3*: Kaplan–Meier survival curve plotting time to full epithelialization 

 
Chapter 9: Delay in accessing definitive care for patients with microbial keratitis in 
Nepal 

• Figure 1*: Map of eastern Nepal and north-eastern India showing patients' homes 

(blue pins) in relation to Sagarmatha Choudhary Eye Hospital (SCEH, red “H” pin) and 

Eye Care Centers (Orange “H” pin”) 
• Figure 2*: The care-seeking journey of patients with microbial keratitis, the time taken 

at each stage, and the cumulative time from onset of symptoms to presentation 
 

 



Jeremy Hoffman PhD Thesis 2023 14 

Chapter 10: Further Discussion 

• Figure 1: Suggested treatment protocol for filamentous fungal keratitis.  

• Figure 2: Algorithm for determining the probability of fungal keratitis.  

• Figure 3: Proposed diagnostic approach for clinicians working in low-resourced 

settings in tropical and sub-tropical latitudes where fungal keratitis is more prevalent 

• Figure 4: Adapted conceptual framework of access to health care with main results 

from this study and potential opportunities for improvement given.  

 

* Figure number with (*) refers to the number in the published journal article   



Jeremy Hoffman PhD Thesis 2023 15 

List of appendices 
Appendix 1: Patient information and consent forms 

Appendix 2: Case Report Forms 

Appendix 3: Best Spectacle Corrected Visual Acuity Testing Form 

Appendix 4: Journey History Completion Form 

Appendix 5: Microbiology request form 

Appendix 6: LSHTM Ethical Approval 

Appendix 7: Nepal Health Research Council (NHRC) Ethical Approval 

Appendix 8: Nepal Department of Drug Administration (DDA) Approval 

Appendix 9: Deterioration whilst on treatment and treatment failure standard operating 

procedure (SOP) 

Appendix 10: Sample size calculation for the randomised controlled trial of topical 

chlorhexidine 0.2% vs. topical natamycin 5% for the treatment of fungal keratitis in Nepal 

Appendix 11: Method for preparing chlorhexidine 0.2% eye drops 

  



Jeremy Hoffman PhD Thesis 2023 16 

Table of Contents 

Declaration .................................................................................................................................................... 2 

Glossary ........................................................................................................................................................ 3 

Abstract ........................................................................................................................................................ 6 

Format of the Thesis ...................................................................................................................................... 8 

List of Tables ................................................................................................................................................. 9 

List of figures ............................................................................................................................................... 11 

List of appendices ........................................................................................................................................ 15 

Table of Contents ........................................................................................................................................ 16 

Dedication ................................................................................................................................................... 18 

Acknowledgements ..................................................................................................................................... 19 

List of Contributors ...................................................................................................................................... 20 

Chapter 1: Background  ............................................................................................................................... 22 

Chapter 2: Management of filamentous fungal keratitis .............................................................................. 88 

Chapter 3: Research Setting ....................................................................................................................... 117 

Chapter 4: Overview of Study Design ......................................................................................................... 141 

Chapter 5: Microbial keratitis in Nepal: Predicting the Microbial Aetiology from Clinical Features ............. 150 

Chapter 6: Diagnosis of fungal keratitis in low-income countries: evaluation of smear microscopy, culture, 

and in vivo confocal microscopy in Nepal .................................................................................................. 171 

Chapter 7: Topical chlorhexidine 0.2% versus topical natamycin 5% for fungal keratitis in Nepal: rationale 

and design of a randomised controlled non- inferiority trial ...................................................................... 188 

Chapter 8: Topical Chlorhexidine 0.2% versus Topical Natamycin 5% for the Treatment of Fungal Keratitis in 

Nepal. A Randomized Controlled Noninferiority Trial ................................................................................ 206 

Chapter 9: Delay in accessing definitive care for patients with microbial keratitis in Nepal ........................ 221 



Jeremy Hoffman PhD Thesis 2023 17 

Chapter 10: Further Discussion .................................................................................................................. 238 

Chapter 11: Future work ............................................................................................................................ 262 

Appendices ............................................................................................................................................... 273 

 

  



Jeremy Hoffman PhD Thesis 2023 18 

Dedication 
 

I dedicate this thesis to the countless patients across the world who are suffering with, or have 

suffered from, fungal keratitis; I hope that this work goes a little way in the quest to improve 

the outcome for them and future patients.  

 

I also dedicate this work to my late grandfather, Dr Adrian J. Salter, an alumnus of the London 

School of Hygiene & Tropical Medicine, and lead-researcher into antimicrobials and antivirals 

during the late 20th century at the Wellcome Research Laboratories. He left us well before his 

time but has nevertheless been an inspiration for me throughout this journey. I know he would 

have read this work from cover-to-cover and I hope this would have made him proud.   



Jeremy Hoffman PhD Thesis 2023 19 

Acknowledgements 
I would like to thank the following individuals and organisations for the help and support they have 

afforded me during my work for this thesis and my PhD. 
First and foremost, I would like to thank my incredible wife, Dr Adiele Hoffman, for not only 
supporting me during this journey and always being by my side, but also providing very sound 

advice and guidance on new research ideas. Moving across three continents is no mean feat and 
she took it in her stride!  

My daughters, Florence and Ottilie, for making the journey so fun and making sure I kept things in 
perspective. 

My parents, Philip and Nicola Hoffman, for always supporting and encouraging me to “aspire to 
climb as high as you can dream”. 

To my supervisor, mentor and friend, Prof. Matthew Burton, for being an inspirational role model, 
giving me this amazing opportunity, and believing and trusting in me. 

To my second PhD supervisor, Dr Victor Hu, for giving sound, pragmatic advice and guidance. 
To my PhD advisory panel, Dr Astrid Leck and Dr David Macleod, for providing their expertise on 

microbiology and statistics respectively. 
To Dr Astrid Leck, for her assistance with the microbiological aspects of the study, but also for her 
continuous sense of humour despite some of the challenges we encountered en route, and for 

always being so supportive throughout.  
To all the staff at Sagarmatha Choudhary Eye Hospital in Lahan for your help and support with the 

research and for welcoming my family and me with open arms into your community whilst we lived 
in Nepal. In particular, special mentions to my good friends Mr Sandip Das for being an excellent 

study co-ordinator without whom this work would never have been completed due to COVID and 
other challenges, and to Dr Reena Yadav for her role as local Primary Investigator which she 

carried out with pride, and for helping Adiele and me settle in to life in Lahan.  
To the team at the International Centre for Eye Health for becoming the “virtual” extended family 

during the pandemic with weekly Zoom meetings and for offering me support and encouragement 
along my PhD journey. I would particularly like to thank Sarah O’Regan for her constant help and 

administrative support. 
To the staff at Nepal Netra Jyoti Sangh for providing the logistical support and facilitating 
arrangements with the various governmental departments.  

To Ms Tara Mtuy and the team at Kilimanjaro Christian Medical Centre (Malissa, Kelvin, Saniru, 
and Antipas) for helping our family make the move from Nepal to Tanzania as smooth as possible 

and to get started on the next phase of research. 
To Dr Simon Arunga, for showing me what it takes to be a successful PhD student, and for coming 

to visit me in Nepal. 
Finally, to the Wellcome Trust for funding this work, without this support we would have achieved 

nothing.  



Jeremy Hoffman PhD Thesis 2023 20 

List of Contributors 
 

Name Position Contribution 
Prof. Matthew J. Burton Professor, LSHTM PhD supervisor 

Dr Victor H. Hu Assistant Professor, LSHTM Secondary PhD supervisor 

Dr Astrid Leck Assistant Professor, LSHTM Advisory panel, 

microbiology support 

Dr David Macleod Assistant Professor, LSHTM Advisory panel, statistical 

support 

Dr Reena Yadav Ophthalmologist and Head of 

Corneal Department, 

Sagarmatha Choudhary Eye 

Hospital (SCEH) 

Local primary investigator, 

provided clinical support 

and assisted in patient 

examination 

Mr Sandip Das Optometrist and Study Co-

Ordinator, SCEH 

Local investigator, provided 

administrative support and 

assisted in patient 

examination 

Mr Pankaj Chaudhary Microbiologist, SCEH Local investigator, provided 

microbiology support 

Mr Abhishek Roshan Manager, SCEH Local investigator, provided 

administrative support 

Dr Sanjay K. Singh Ophthalmologist and Medical 

Superintendent, SCEH 

Local investigator, provided 

administrative support 

Mr Sailesh Mishra Executive Director, Nepal 

Netra Jyoti Sangh (NNJS) 

Local investigator, provided 

administrative support 

Dr Simon Arunga Ophthalmologist, Mbarara 

University of Science and 

Technology 

Provided advice on 

investigating the patient 

journey and management 

strategies for fungal 

keratitis 

Mr Rabi Shankar Sah Ophthalmic Assistant, SCEH Assisted in patient 

examination, clinical 

photography, in vivo 

confocal microscopy 

(IVCM) and data entry 



Jeremy Hoffman PhD Thesis 2023 21 

Mr Kamlesh Yadav Ophthalmic Assistant, SCEH Assisted in patient 

examination, clinical 

photography, in vivo 

confocal microscopy 

(IVCM) and data entry 

Mr Ram Narayan Bhandari Eye Health Worker, SCEH Assisted in patient data 

collection and clinical 

photography 

Ms Aasha Chaudhary Eye Health Worker, SCEH Assisted in patient data 

collection and clinical 

photography 

Mr Sharban Mandal Eye Health Worker, SCEH Assisted in patient data 

collection and clinical 

photography 

Mr Raja Ram Mahato Randomisation Administrator 

and Logistics, SCEH 

Assisted in randomisation 

and logistics support 

Ms Lalita Rajbanshi Laboratory Assistant, SCEH Assisted with microbiology 

sample processing 

Ms Sarah O’Regan Project Administrator, 

LSHTM 

Provided administrative and 

logistical support 

Dr Abeer Mohamed Ahmed Research Fellow, LSHTM Assisted with chlorhexidine 

drug development and 

stability testing 

Dr Harparkash Kaur Assistant Professor, LSHTM Assisted with chlorhexidine 

drug development and 

stability testing 

Dr Robert Butcher Assistant Professor, LSHTM Assisted with unsupervised 

machine learning 

development and genetic 

assays 

Prof. Helen Weiss Professor, LSHTM Upgrade examiner 

Prof. Allen Foster Professor, LSHTM Upgrade examiner 

 

 

  



Jeremy Hoffman PhD Thesis 2023 22 

Chapter 1: Background 1 

 

 
The right eye of a 40-year-old Nepali farmer with filamentous fungal keratitis (Curvularia spp.), presenting at one 

week from symptom onset  

 
1 In this section, the epidemiology, clinical features, and diagnostic investigations for fungal keratitis within the 
broader context of microbial keratitis are presented. These subtopics are largely covered by a published review 
article in the Journal of Fungi, which is included here in full.1 Additional background information, relating to other 
causes of microbial keratitis and in vivo confocal microscopy that is not fully covered within that review article, are 
given in subsequent sections below. 
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Microbial keratitis 

Corneal infection, or microbial keratitis (MK), is an ocular emergency that often leads to 

permanent sight-loss in the affected eye. MK is caused by several different pathogenic groups 

of microorganisms. Causative microorganisms include bacteria, protozoa (particularly 

Acanthamoeba spp.), non-filamentous fungi (yeasts and microsporidia), and filamentous 

fungi.1 Viruses can also cause infectious keratitis, although broadly MK indicates non-viral 

causes.2 The predominant clinical features of pain, conjunctival injection and corneal 

ulceration (epithelial defects associated with stromal infiltrates) are typical for MK regardless 

of the underlying causative organisms, making clinical diagnosis challenging, although some 

clinical features may be suggestive of certain organisms.3-6  

 

MK is associated with significant adverse clinical outcomes including monocular blindness 

(defined as presenting distance vision less than 3/60 in the affected eye)7 as a result of dense 

corneal scarring, and eye-loss due to corneal perforation and endophthalmitis.8-10 As a result, 

it is the leading cause of monocular blindness in tropical low- and middle-income countries 

(LMICs) after cataract, with an approximate annual incidence of 2 million cases in Africa and 

Asia.9 Bilateral corneal scarring (excluding that caused by trachoma or vitamin A deficiency) 

is believed to be responsible for blindness (defined as presenting distance vision of less than 

3/60 in the better eye)7 in 1.3 million people globally, or 3.2% of the global burden.10 The 

negative impact of MK goes beyond clinical morbidity associated with pain and blindness: MK 

is known to reduce quality of life,11-13 cause direct economic costs,14 place a significant burden 

on healthcare infrastructure,15, 16 and likely cause a similar burden on wider society, given that 

MK most frequently affects individuals during their most productive years of life.17 

 

Defining the magnitude of MK is challenging as most data are reported as “corneal blindness”, 

a heterogenous range of conditions including corneal trauma, infection, inflammation and 

inherited disorders. A recent review from Ung and co-workers was only able to identify 11 

suitable published studies on MK, three of which included data only from contact lens (CL) 

wearers (Table).2 Of note, there were no published studies from Africa included. There is 

considerable global variation in the incidence of MK: the highest incidence is found in Asia 

(apart from a study from Hong Kong),18-21 whilst the lowest incidence is found in Europe and 

North America. 22-29  
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Table 1: Incidence of microbial keratitis from population-based studies (adapted and updated from Ung et al. 

(2019)2 

Source Location Years 
studied 

Overall incidence 
(incidence in contact 
lens wearers) per 
100,000  

South and Southeast Asia 

WHO (2004)18 Bhutan NS 339 

WHO (2004)18  Burma  NS 710 

Lam et al (2002)19 Hong Kong 1997-1998 6.3 (33.9) 

Upadhyay et al (2001) 20 Nepal (Bhaktapur) 1992-1993 799 

Gonzales et al. (1996) 21 India (Tamil Nadu) 1993 113 

North America, Australasia and Europe 

Jeng et al. (2010)22 USA (Northern 

California) 

1998-1999 27.6a 

Erie et al. (1993)23 USA (Minnesota) 1950-1988 2.5-11b 

Poggio et al (1999)24 USA (New England) 1987 (20-209)c 

Ibrahim et al (2012)25 UK (Portsmouth) 1997-2003 52.1 

Ibrahim et al (2012)25 UK (Portsmouth) 2006 40.3 

Seal et al (1999)26 UK (West Scotland) 1995 3.6 (18.1) 

Ting et al (2021)27 UK (Nottingham) 2007-2019 34.7 

Cheng et al (1999)28 The Netherlands 1996 (11-209)c 

Stapleton et al (2008)29 Australia 2003-2004 (42) 
WHO, World Health Organization; NS, not specified. a per 100,000-person-years, b 2.5/1000,000 years in the 1950s 
and 11/100,000 years in the 1980s; c range of incidence amongst contact lens wearers depending on type of lens 

(lower incidence in hard/ rigid gas permeable lenses, highest incidence in extended-wear soft) 

Causative organisms and pathogenesis of microbial keratitis 

As discussed in more detail in the review below, there is clear geographic variation in 

causative organisms for MK.1 In summary, filamentous fungal organisms are more frequently 

responsible for MK in tropical LMICs compared to bacterial organisms, whereas in developed, 

temperate countries this situation is reversed.1, 30, 31 Environmental factors (including climate 

and potentially rainfall) and poverty (in particular countries where there is a high degree of 

manual subsistence farming resulting in ocular trauma) are most likely responsible for this 

variation.1 Contact lens use is the main risk factor for developing microbial, and in particular 

bacterial, keratitis in temperate, high-income countries. However, there have been reports of 

a recent increase in fungal keratitis cases amongst contact lens wearers in these locations.31, 
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32 Although rare overall, Acanthamoeba keratitis (AK) is also frequently associated with 

contact lens use, and the incidence of AK is also believed to be increasing in certain countries, 

such as the UK.33 In this section, we briefly describe the relevant microbiology (particularly 

relating to virulence) of the most commonly implicated microorganisms and their 

pathogenesis. 

 

Bacterial keratitis 

Regardless of location, the most common bacteria responsible for MK are Streptococcus 

pneumoniae, Staphylococcus aureus, and Pseudomonas aeruginosa.34 In terms of 

pathogenicity, they all share a common mechanism: adhesion, bacterial invasion, and 

cytotoxicity, and in some cases exotoxin production. 

 

Staphylococcus aureus  

Staphylococcus aureus is a Gram-positive, round-shaped facultative anaerobe that is often 

part of the normal skin flora of individuals, with 35% of the general public and up to 66% of 

healthcare professionals colonised with this organism.35, 36 Keratitis can typically only develop 

in the absence of an intact corneal epithelium. Host immunity is largely afforded by various 

components of the tear film, including but not limited to cytokines, secretory IgA, surfactant, 

proteases and phospholipases.37 However, any defect in the corneal epithelium or reduction 

in this innate protection as a result of dry eye disease, corneal trauma, surgery, or contact 

lens wear, can allow the organism to adhere to the cornea, and ultimately enter the corneal 

stroma. 

 

Staphylococcus aureus possess several virulence factors. These include the bacterial binding 

proteins (fibronectin binding protein and collagen binding protein) as well as inflammation and 

tissue damage mediators, including teichoic acid, alpha-toxin, gamma-toxin, Panton-Valentine 

leucocidin, super-antigen like protein, and S. aureus elastase.37 Through genetic variation, 

different strains of S. aureus possess various combinations of virulence factors, making 

certain strains more (or less) virulent in terms of being able to cause MK. Once infection is 

established, tissue damage occurs through both direct bacterial virulence factors as well as 

indirectly through “bystander” damage resulting from the immune response and pro-

inflammatory molecules and host-produced proteases;37 this pathogenesis is common for 

most causes of MK. 
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Streptococcus pneumoniae 

Streptococcus pneumoniae is a Gram-positive, facultatively anaerobic alpha haemolytic 

pathogen.38 As well as keratitis, it can cause systemic disease including pneumonia, 

meningitis, otitis media and sinusitis.39 The host defences it needs to evade are the same as 

those described for S. aureus, and it is typically also unable to establish infection in the 

presence of an intact corneal epithelium. S. pneumoniae keratitis is therefore frequently 

caused by improper contact lens wear, trauma or previous ocular surgery.38 

 

There are several virulence factors implicated in Streptococcus pneumoniae keratitis.38 

Although acting as a virulence factor for other diseases, the polysaccharide capsule is not 

believed to be necessary for pathogenesis in keratitis.40 Conversely, the inflammation 

encountered during pneumococcal keratitis is largely due to the host reaction to pneumolysin, 

one of the key virulence factors for this organism.41, 42 

 

Pseudomonas aeruginosa 

Pseudomonas aeruginosa is a versatile, encapsulate, Gram-negative rod that is able to thrive 

in a wide range of environmental conditions but also acts as an opportunistic pathogen, 

resulting in various infections.43 Pseudomonas aeruginosa keratitis is frequently associated 

with contact lens wear, with many studies implicating it in the majority of MK cases associated 

with contact lens use.34, 44, 45 

 

Visual outcomes for patients with bacterial keratitis caused by P. aeruginosa is known to be 

significantly worse than infection caused by other bacteria.46 This is a combination of the 

multitude of virulence factors and the resulting significant host immune response to acute 

infection. The full array of virulence factors are beyond the scope of this thesis, however a 

number of key virulence factors include proteases, elastases, flagella, adhesins, 

phospholipases, type IV pili, exotoxins and alginate.45 Unlike the other two bacteria discussed 

above, a certain strain of P. aeruginosa are able to invade intact corneal epithelium. This is 

possible as this invasive strain possess the exoS gene which codes for production of the 

exotoxin S. This strain is associated with poor prognosis and increased resistance to first-line 

antibiotics (fluoroquinolones).47 Another important strain contains the exoU gene, this isolate 

secretes exotoxin U that is acutely cytotoxic;48 this strain is associated with contact lens 

wear.47   
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Fungal keratitis 

Fusarium spp. and Aspergillus spp. are the most common causes of filamentous fungal 

keratitis.1, 31, 49 Dematiaceous fungi such as Curvularia spp. are also occasionally implicated.50-

53 Yeasts, in particular Candida spp., are commonly reported in more temperate climates.32, 54-

56 The pathogenesis of fungal keratitis first starts with the adhesion of fungal conidia to the 

host cornea, followed by invasion, morphogenesis, and toxin production. 

 

Fusarium spp. 

Fusarium spp. are found in the soil, where they act as saprophytes to break down dead plants 

and are also commonly implicated as plant pathogens, particularly of cereal crops and 

bananas.30 There are many species within the genus that have been implicated in fungal 

keratitis, however Fusarium solani and Fusarium oxysporum have been most frequently 

implicated.57 Fusaria are unable to establish keratitis through an intact corneal epithelium, and 

therefore corneal epithelial defects are required for infection to develop. This is typically 

following vegetative trauma, which allows direct inoculation of fungal conidia to the corneal 

stroma.58 

 

There are several virulence factors that have been identified for Fusarium spp. PacC is part 

of an intracellular signalling system that is activated at neutral to alkaline pH through enzymatic 

proteolysis.59, 60 This then results in the upregulation and expression of several fungal genes 

including proteases and phosphatases, facilitating opportunistic fungal invasion into 

traumatised host cornea.60, 61 These extracellular proteases produced by Fusarium spp. are 

able to digest the corneal stromal collagen, allowing deeper invasion into the host tissue.62 

Like other filamentous fungi, including Aspergillus spp., Fusarium spp. produces biofilms, 

which are able to protect the fungus from the host immune response as well as antifungal 

medications.63 This work also indicated that F. solani species complex forms more biofilms 

than F. oxysporum species complex.63 Fusaria are also known to produce mycotoxins 

including fusaric acid, moniliformin, and/or fumonisin B1. 64 These toxins are cytotoxic to 

corneal tissue.64  

 

Aspergillus spp. 

Aspergilli conidia are found ubiquitously in the air throughout the world, with no apparent 

seasonal or climatic variation in spore concentration.65 The most common aspergilli isolated 

in fungal keratitis are A. fumigatus and A. flavus.66-68 Similar to fusarium keratitis, aspergilli are 

unable to penetrate the corneal epithelium, meaning that corneal trauma is also a significant 

risk factor for developing aspergillus keratitis.69, 70    
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As with all other causes of microbial keratitis, disease ensues because of the interaction 

between the direct pathogenic effects of the organism and the host’s immune response. The 

aspergilli possess several virulence factors that are integral in this interplay. Although likely 

common across much of the genus, virulence factors have most often been studied in A. 

fumigatus and A. flavus models. These are discussed briefly here. 

 

The conidia are coated in surface active proteins called hydrophobins that are attached to the 

fungal cell wall, that assist in evading host detection (specifically by c-type lectins).71 Models 

have shown that when these hydrophobins are absent, certain molecules on the fungal cell 

wall are exposed (beta 1,3-glucan and alpha-mannan) which activate the innate immune 

system by binding to c-type lectins.72 Avoiding this early detection allows the spores to 

germinate into hyphae and ultimately enhances fungal survival. Aspergillus conidia are also 

able to suppress the host proinflammatory response by modulation of Toll-like receptor (TLR)2 

and TLR4 signalling through the effects of certain cell wall components: beta-glucan, alpha-

glucan, and galactomannan.73 

 

Like the fusaria, the aspergilli are able to produce biofilms, which act as a physical barrier 

against the host’s immune system and antifungal drugs.74 Furthermore, aspergilli can produce 

toxins that are cytotoxic to corneal cells, including aflatoxin B1 and proteases, implicated in 

corneal melting and reduced host immune response.62, 75  

 

Dematiaceous fungi 

After the fusaria and aspergilli, the dematiaceous fungi are the next leading cause of FK. This 

is a broad group of moulds, characterised by their ability to produce melanin, and believed to 

lend a significant pathogenic advantage to these fungi.76 Similar to Fusarium spp., 

dematiaceous fungi are ubiquitous plant pathogens that infrequently cause disease in 

humans, and similar to other causes of FK, a corneal epithelial defect is required in order for 

disease to become established. The virulence factors of these fungi for causing keratitis are 

not well established, although it is likely that many of the virulence factors described above for 

the aspergilli and fusaria are similar. In addition to these, the production of melanin is believed 

to be a key virulence factor by allowing fungi to evade various components of the host immune 

response. For example, melanin can reduce the toxicity of microbicidal peptides, oxygen free 

radicals and inhibit phagocytosis, as well as increasing the mechanical strength of the fungal 

cell wall, allowing penetration of host tissue.76, 77 Melanins have also been shown to reduce 

the efficacy of commonly used antifungals.78 
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Candida spp. 

Keratitis caused by yeast-like fungi, in particular Candida spp., was previously the 

predominant cause of FK in countries such as the UK and USA, although recent trends 

suggest this may no longer be the case in certain locations. Typically, FK caused by Candida 

spp. occurs in patients with a history of preceding topical corticosteroid use, post-surgery, 

systemic disease and immunosuppression, or reduced ocular immunity. C. albicans and C. 

parapsilosis are the most commonly isolated species.79, 80 

 

Candida spp. possess several virulence factors involved in colonisation and adhesion, 

invasion, and host immune-escape, although most described relate to non-ocular infection.79, 

81, 82 Biofilm formation is a potential virulence factor for Candida keratitis, specifically in 

conferring resistance to antifungal medications,83 although work from India did not find any 

significant reduction in antifungal susceptibility for biofilm-producing strains.79  

 

 Acanthamoeba keratitis 

AK is an uncommon but very serious, painful and debilitating cause of microbial keratitis, 

resulting from infection by parasites from the Acanthamoeba genus.33, 84-87 Contact lens wear 

is the leading risk factor for developing AK,33, 86 although it can also occur in non-contact lens 

wearers.88, 89 The incidence of AK is increasing in countries including the UK and USA.33, 90, 91 

Animal models suggest that corneal surface injury is a pre-requisite for developing AK.92 

 

The first step that is critical in the establishment of AK is the adhesion of the parasitic organism 

to the host surface. A major virulence factor for Acanthamoeba is a mannose-binding protein 

(MBP) that mediates the adhesion of amoeba to the corneal surface, and is also implicated in 

subsequent events that can lead to significant cytopathic effects (CPE).84  

 

Acanthamoeba MBP is a transmembrane protein with a similar structure to a typical cell 

surface receptor.93 MBP mediates adhesion to host corneal cells, after which the amoeba 

produce contact-dependent metalloproteinase plus numerous contact-independent serine 

proteases.84, 94 Together, these enzymes result in potent CPE by killing direct cytotoxicity, 

digestion of the epithelial basement membrane and corneal stroma, and penetration into the 

deeper layers of the cornea.84, 94 Fortunately, human tears contain both secretory anti-MBP 

IgA that helps to protect against adhesion of parasites to host cells,84, 95 as well as innate 

factors that can inhibit cytotoxic proteinases.84 
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Making the diagnosis 

In my review article above, we discussed the various investigations available to diagnose the 

underlying microbiological cause of MK with reference to FK, namely smear microscopy and 

culture, molecular methods including PCR and in vivo confocal microscopy (IVCM).1 Here I 

present further detail on IVCM as this was an integral, real-time diagnostic tool used during 

this study, and further background information is therefore important. 

 

In vivo confocal microscopy 

IVCM is a non-invasive, real-time, imaging tool that acquires en face images at increasing 

depths through the cornea. It works on the principle that a narrow beam of light (typically a 

laser) through the objective lens of a light microscope excites a specimen (in this case corneal 

tissue) within a narrow focal plane. Light emitted from out-of-focus planes is rejected by the 

confocal (pinhole) aperture. This technology allows for a volume or series of high-resolution 

and high-contrast images to be captured in vivo, which can be used to identify certain diseases 

and pathogens. Although mainly used in ophthalmology, which is ideally suited due to the 

optical clarity of the cornea allowing for images to be acquired for the full corneal thickness, 

IVCM has also been used in dermatology and dentistry.96, 97 

 

Ophthalmic IVCM technology has evolved over the years since its introduction to clinical 

practice in 1990 with the tandem-scanning confocal microscope.98 Currently there are two 

IVCM devices in routine clinical use: one that uses a non-contact, white light slit-scanning 

confocal microscope (Confoscan, manufactured by Nidek, Japan) and the laser-scanning 

confocal microscope (Heidelberg Retina Tomograph II or III with the Rostock Corneal Module, 

manufactured by Heidelberg Engineering, Germany), which uses a diode laser and direct 

corneal contact through a single-use sterile cap, giving a lateral resolution of 1 micron.99, 100 

The latter system is generally considered to give higher contrast, better resolution, and 

improved image illumination.100, 101 

 

In terms of MK, IVCM is used to identify two key pathogenic groups of micro-organisms: fungi 

(both yeasts and filamentous fungi) and Acanthamoeba spp.102-104 Its use in diagnosing 

bacterial keratitis is limited as bacteria are too small to be detected, except for Nocardia spp.105 

The presence of highly-reflective filaments or hyphae, with a filament diameter of between 3 

and 8 microns and hundreds of micrometers in length, visible on confocal microscopy (Figure 
3) is indicative of fungal keratitis,100, 103 whilst round or ovoid hyperreflective objects (diameter 

<30 μm), target images (hyperreflective objects with hyporeflective halo, diameter <30 μm), 

and trophozoite-like objects (diameter >30 μm), are suggestive of Acanthamoeba keratitis 
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(Figure 1).106 Although Candida albicans has been shown to have a round, budding body 

associated with pseudohyphae,107 accurately distinguishing yeasts from filamentous fungi is 

challenging.100 

 

A recently published systematic review into the use of IVCM for FK considered IVCM in the 

diagnosis, prognosis and follow-up of fungal keratitis.100 This identified 10 studies that 

presented the diagnostic accuracy of IVCM for FK in terms of sensitivity and specificity (Table 
2). Although the studies were heterogenous in their design, the reported sensitivities and 

specificities ranged from 55.8%-94% and 78%-100%, respectively, excluding results from 

inexperienced observers.102, 103, 108-115 Two studies highlighted a known limitation of IVCM 

being observer-experience dependent – IVCM in the hands of observers with limited 

experience had relatively poor diagnostic accuracy (sensitivity and specificity of 27.9%-42.9% 

and 42.1%-87.5%, respectively).112, 114 The challenge for these studies relates to what the 

“gold standard” to which they are compared to is, and introduces a considerable degree of 

bias. As a result, most of the authors concluded that IVCM is a useful adjunctive tool but 

should not be used instead of the traditional “gold standard” of smear microscopy and culture, 

although some studies found IVCM to outperform this.108, 113 Bakken and colleagues concludes 

that future work should look evaluate IVCM using artificial intelligence for a less biased 

assessment; some studies have already reported promising results with high sensitivities and 

specificities (89.3%-91.9% and 95.7-98.3%, respectively).109, 111 

 

Authors have tried to define levels of diagnostic certainty based on specific morphological 

features of filamentous FK on IVCM.100, 113 One such study categorised results of IVCM into 

either a) clearly positive for fungi, b) inconclusive, and c) negative for fungi,113 and 

recommended that patients in the “clearly positive for fungi” category commence anti-fungal 

treatment without delay. The review by Bakken and colleagues updated this guidance as 

follows: 

 

• Category 1, consistent with FK. Highly reflective, branching/bifurcating, well-defined, 

interlocking structures (hyphae / elements), measuring 3-10 microns in diameter and 

not seen in isolation.  

Recommended management: immediate initiation of anti-fungal treatment 

• Category 2, possible FK. Features resembling fungal elements visible e.g. isolated 

or several linear / curvilinear structures, of varying reflectivity, lacking the well-defined 

branching and smooth features described in Category 1.  
Recommended management: follow-up examination, if a Category 1 image is 

obtained, then follow Category 1 guidance. 
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• Category 3, unlikely FK. Only normal structures or features associated with a typical 

inflammatory response are visible, with no structures suspicious for fungal hyphae.  

Recommended management: only repeat IVCM examination in cases refractive to 

treatment where diagnosis by other methods is unsuccessful. 

 

The authors also recommend that ten 100-image volume scans should be captured, which 

should include the central and peripheral parts of the infiltrate at various depths. Furthermore 

one should distinguish between the confocal microscope operator (person performing the 

IVCM scan) and the confocal assessor (person assessing the images), specifying their cadre 

and level of experience.100 

 

Finally, IVCM has been used as a tool in monitoring the response to treatment. Building on 

smaller, earlier studies that suggested that IVCM was a useful tool at monitoring progress, 

with patients responding to treatment exhibiting reducing IVCM fungal hyphal density and 

length,116, 117 Chidambaram and colleagues performed a large, prospective study, evaluating 

FK patients with IVCM at days 7, 14, and 21 after starting anti-fungal therapy.118 Features 

associated with poor outcome included the presence of stellate inter-connected cells with 

absent nuclei, and/or at the final visit a honeycomb distribution of inflammatory cells and/or 

detection of fungal hyphae. Similarly, dendritiform cells in the basal epithelial layer at the final 

visit was associated with deterioration. However, the authors discussed the challenge of re-

imaging the exact same location at repeat visits as a significant limitation of using IVCM to 

monitor progression.  

 

The current consensus is that IVCM is a useful tool at ruling in or ruling out FK and therefore 

a guide to starting anti-fungal therapy, as well as indicating whether a change in therapy is 

needed. Examining the density of fungal hyphae, in addition to some of the features identified 

by Chidambaram,118 can help clinicians make an informed decision for the ongoing 

management of patients. However, it is likely here that the experience of the confocal operator 

and assessor are crucial.  
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Figure 3: IVCM image from a patient with 

Aspergillus keratitis in Nepal showing 
presence of numerous hyperreflective 

filaments or hyphae 

Figure 4: IVCM image from patients with Acanthamoeba keratitis. A, round or ovoid 
hyperreflective objects (bright spots); B, round or ovoid hyperreflective objects with hyporeflective 

halo (target sign); C, trophozoites. Reproduced with permission from De Craene S, Knoeri J, 

Georgeon C, Kestelyn P, Borderie VM. Assessment of Confocal Microscopy for the Diagnosis of 

Polymerase Chain Reaction–Positive Acanthamoeba Keratitis: A Case-Control Study. 
Ophthalmology 2018; 125(2): 161-168. 
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Table 2: Studies that have investigated the diagnostic accuracy of in vivo confocal microscopy for fungal keratitis. 

Adapted from Bakken et al.100 

First author, year Number 
of eyes 

Location Sensitivity Specificity Study design Comments / 
key findings 

Hoffman et al., 2021 108 15 London, UK 81% 100% Retrospective IVCM was the 
most sensitive 
method to 
diagnose FK 
 

Lv et al., 2020 109 688 
images^ 

Nanning, China 91.9% 98.3% Retrospective AI system based 
on ResNet, 
good results in 
diagnosing FK 
 

Wang et al., 2019 110 12 California, USA 66.7% 100% Retrospective IVCM is as good 
as clinical 
assessment in 
diagnosing FK 
 

Wu et al., 2018 111 56 Jinan, China 89.3% 95.7% Prospective AI guided AHD 
superior to 
corneal smear 
for FK 
 

Kheirkhah et al., 2017 112 21 Massachusetts, 
USA 

42.9%-
71.4% 

87.5%-
89.6% 

Retrospective IVCM is highly 
dependent on of 
the observer’s 
experience 
 

Chidambaram et al., 
2016 103 

176 Madurai, India 85.7% 81.4% Prospective IVCM is a 
valuable tool in 
detecting FK 
 
 

Nielsen et al., 2013 113 6 Copenhagen 
Denmark 

86% N/A N/A IVCM is superior 
to culture in FK 
 
 
 

Vaddavalli et al., 2011 102 93 Hyderabad, India 89.2% 92.7% Prospective IVCM is an 
accurate 
diagnostic 
method for AK 
and FK 
 

Hau et al., 2010 114 12 London, UK 27.9%-
55.8% 

42.1%-
84.2% 

Retrospective IVCM diagnostic 
accuracy is 
dependent on 
observer 
experience 
 

Kanavi et al., 2007 115 16 Tehran, Iran 94% 78% N/A IVCM is useful 
in diagnosing FK 
 
 
 

AHD, automatic hyphae detection; AI, artificial intelligence; FK, fungal keratitis; IVCM, in vivo confocal microscopy. 

^ 688 images included, (number of patients unknown) 1400 images negative for fungi 
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Management of Microbial Keratitis 

An overview of the management of FK is given in the review above, with a more detailed 

review of the latest literature given in Chapter 2 of this thesis. An overview of the management 

of bacterial and Acanthamoeba keratitis is given here. 

 

Bacterial keratitis 

Antibiotics 

The first-line treatment for bacterial keratitis is topical antibiotics.119 There have been several 

high quality, randomised controlled trials investigating topical antibiotics for the treatment of 

bacterial keratitis; 16 of these trials were included in a Cochrane systematic review in 2014,120 

and subsequently discussed in a review on the management of bacterial keratitis.121 The main 

finding of these reviews was that there was no difference in the relative risk of treatment 

success (complete re-epithelialisation or time-to-cure) between the “fortified” aminoglycoside-

cephalosporin regime and fluoroquinolone monotherapy ( 
Figure 5).120 Although there was no difference in serious complications, there were more 

minor side effects (including ocular discomfort and/or chemical conjunctivitis) in the 

aminoglycoside-cephalosporin group.120, 122-125 Treatment with topical antibiotics is usually 

administered hourly initially, typically for 48 hours, and then tapered according to the patient’s 

response. It is important not to reduce the dosing to less than four times daily as this is 

subtherapeutic and may lead to antibiotic resistance developing.119 
 

 
 

Figure 5: Forrest plot for topical fluoroquinolone compared with topical fortified aminoglycoside–cephalosporin 

indicating no difference in chance of treatment success.120 Reproduced from McDonald EM, Ram FS, Patel DV, 

McGhee CN. Topical antibiotics for the management of bacterial keratitis: an evidence-based review of high quality 

randomised controlled trials. Br J Ophthalmol 2014; 98(11): 1470-1477 with permission from BMJ Publishing Group 

Ltd. 
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Given there is no evidence of a difference in efficacy between antibiotic treatment regimens, 

ophthalmologists’ empirical antibiotic choice is largely based on, amongst others, the 

spectrum of coverage, side effects and corneal toxicity, availability and cost, resistance 

patterns, and the epidemiology and global distribution of the micro-organisms these factors.126 

An international survey sent to 1009 corneal specialists (with 140 responses) found that 

clinicians in the US favoured a more broad-spectrum regime taking into account antibiotic 

resistance (the fortified vancomycin regime) compared to “international” clinicians, who 

favoured fluroquinolone monotherapy, as these clinicians tended to be more concerned about 

availability and toxicity.126  

 

Steroids 

Using topical corticosteroids as an adjunct to the treatment of bacterial keratitis is somewhat 

controversial. The Steroids for Corneal Ulcer Trial (SCUT) was a large, multi-centre double-

masked randomised controlled trial that compared topical moxifloxacin 0.5% plus topical 

steroid (prednisolone 1%) against topical moxifloxacin 0.5% plus placebo for the treatment of 

bacterial keratitis with 250 patients in each arm, which aimed to determine “whether topical 

corticosteroids as adjunctive therapy for bacterial keratitis improves long-term clinical 

outcomes”.127 In terms of primary analysis of the primary outcome (best spectacle corrected 

visual acuity (BSCVA) at 3 months), the authors reported no evidence of a difference between 

treatment arms. There was also no difference in scar size or time to re-epithelialisation. 

However, subgroup analysis found that for patients with a vision of counting fingers or worse 

at baseline, or central corneal ulcers at baseline, patients in the steroid-containing arm had 

significantly better visual acuity (-0.17 Logarithm of the Minimum Angle of Resolution 

(logMAR) (95% CI, −0.31 to −0.02; P = .03); and -0.20 logMAR (−0.37 to −0.04; P = .02), 

respectively). Secondary outcome data from BSCVA at 12 months found evidence of 

improved vision in non-Nocardia bacterial keratitis cases in patients treated with adjunctive 

topical corticosteroids (−0.10 logMAR, 95%CI, −0.19 to −0.02, P=0.02).128 A further subgroup 

analysis found adding topical corticosteroids at two to three days after starting antibiotics (as 

opposed to after four or more days), resulted in a 1-line better visual acuity at three months 

compared to placebo.129 

 

Judicious use of topical corticosteroids, such as by restricting use to patients with central 

corneal ulcers and presenting poor vision, only starting at between 2-3 days following starting 

antibiotics and once Nocardia, fungal or Acanthamoeba infection has been ruled out, may be 

appropriate and may reduce morbidity.127 
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Therapy in complex cases 

When the integrity of the globe is compromised, for example in cases of severe, progressive 

corneal thinning or perforation (including descemetocele), or when there is unresponsive 

disease, or endophthalmitis, additional treatment is indicated. Oral tetracycline antibiotics (e.g. 

doxycycline) may have a role in counteracting stromal thinning by inhibition of matrix 

metalloproteinases, although robust evidence in terms of clinical outcomes is currently 

lacking.130 Surgical intervention in the form of corneal gluing (application of tissue adhesive), 

lamellar keratoplasty, or penetrating keratoplasty are often used to manage severe thinning 

or perforations. Amniotic membrane grafts (AMG) may be helpful to prevent the need for 

emergency corneal grafts and may improve clinical outcomes; one randomised controlled trial 

found significant evidence of improved BSCVA in patients who received AMG compared to 

controls,131 whilst another prospective controlled study in Pseudomonas keratitis found 

improved outcomes including improved vision and reduced pain in patients receiving AMG 

compared to controls.132 Conjunctival flaps may also be beneficial in cases of microbial 

keratitis refractory to medical treatment.133 

 

Emerging therapies 

Povidone-iodine is a potential emerging treatment for bacterial keratitis and herpes simplex 

keratitis that has the advantage of being inexpensive to produce. A multi-centre randomised 

controlled trial comparing povidone-iodine 1.25% to topical antibiotics (either neomycin-

polymyxin B-gramicidin (Philippines) or ciprofloxacin 0.2% (India)) for the treatment of 

bacterial keratitis found no evidence of a difference between groups in terms of healed 

epithelial defect.134 One should note, however, that this study may have lacked sufficient 

power to detect a small difference between groups, the choice of antibiotic control may not 

have been appropriate, and the primary outcome, unlike other microbial keratitis trials, was 

not BSCVA at 3 months. 

 

Corneal collagen cross-linking (CXL) is another technique that has been used with some 

relative success for treating moderate cases of bacterial keratitis. A systematic review and 

meta-analysis found that CXL is potentially effective for bacterial keratitis, reducing corneal 

melting.135 It is likely that CXL is more useful for shallow corneal ulcers, as ultraviolet energy 

is absorbed within the first 100 micrometres.136 Although one small study has shown cross-

linking alone resolved 14 out of 16 cases of bacterial keratitis without antibiotics,137 there is 

better evidence for successful treatment with CXL for anterior infiltrates as adjunctive therapy 

to standard antibiotics, particularly for more complex cases.138  
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Bacterial keratitis management in Nepal 

The preferred first-line therapy for bacterial keratitis in Nepal is currently with topical fourth-

generation fluoroquinolone antibiotics, such as moxifloxacin 0.5%. A recent prospective study 

from western Nepal, where 31.0% of isolates yielded bacterial organisms on culture, in 

addition to 9.5% mixed fungal-bacterial organisms, with S. aureus (47%) and Pseudomonas 

spp. (11.7%) most commonly isolated, found all isolates were susceptible to moxifloxacin 

0.5%.139 Similarly, a cross-sectional study from Kathmandu where 56% of cases were 

bacterial in aetiology (S. pneumoniae (56%) and Strep. Viridians (12%) most commonly), 

found all isolates to be susceptible to moxifloxacin, whilst 92% and 88% were susceptible to 

ofloxacin and ciprofloxacin, respectively.140 In an earlier retrospective study of 414 patients 

with MK from western Nepal, of which 121 of the 300 culture positive cases were bacterial 

(40.3%), cephazolin was found to be the most effective antibiotic for gram-positive infection 

(84.9% susceptible) and ciprofloxacin and ofloxacin were most effective for gram-negative 

infection (79.3%).141 This study was conducted prior to the routine use of moxifloxacin.  

 

It is important to bear in mind when reviewing the results of susceptibility testing for corneal 

infection that these results are based on data from systemic administration and serum 

concentration, as opposed to topical corneal application and corneal penetration.142 

 

Acanthamoeba keratitis 

AK is challenging to treat due to the parasite’s lifecycle: Acanthamoeba cysts are very resistant 

to treatment, whilst trophozoites are more susceptible.85 Although there have only been a 

handful of case reports of AK in Nepal, it is likely that this is a significant underestimate given 

the lack of robust investigations.143-145 The prevalence of AK is likely to be similar to 2% of MK 

isolates reported in India.146 Treatment options for AK include diamidines (propamidine 0.1%, 

hexamidine 0.1%, and dibromopropamidine 0.1%) and biguanides (polyhexamethylene-

biguanide (PHMB, in varying concentrations 0.02%-0.08%) and chlorhexidine 0.02%.147 

 

Treatment is usually intense and prolonged, and traditionally involves combination therapy of 

one diamidine and one biguanide. Initially, drops are instilled hourly day and night following 

corneal epithelial debridement for the first few days of therapy, reducing to hourly during 

waking hours depending on the clinical response. If there is continued clinical improvement, 

frequency can be reduced to every three hours. It can take considerably longer (up to two 

weeks) than in cases of bacterial and fungal keratitis for clinical improvement to be observed, 

and treatment should continue for at least three to four weeks. Once treatment has stopped, 

patients should be monitored closely to ensure there is no recurrence.85 



Jeremy Hoffman PhD Thesis 2023 77 

 

More recent research has suggested that biguanide antiseptics (PHMB or chlorhexidine) are 

the most efficacious therapies for AK,85 possibly as they are effective against both trophozoites 

and cysts.148 A double-masked randomised controlled trial comparing chlorhexidine 0.02% to 

PHMB 0.02% found no difference in treatment success (defined as favourable clinical 

response within two weeks) between the two arms (P = 0.71).149 A clinical trial is currently 

under way comparing a higher concentration of PHMB (0.08%) as monotherapy to PHMB 

0.02% plus propamidine 0.1% combination therapy.150 Higher strength PHMB 0.08% has been 

shown to be safe and tolerated in a phase 1 clinical trial.151 
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Chapter 2: Management of filamentous fungal keratitis 

 

  
 

A bottle of natamycin 5% manufactured in India and dispensed in Nepal  
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General management of fungal keratitis 

Treatment for filamentous fungal keratitis (FK) is usually with topical antifungal agents. 

Surgical intervention, usually in the form of corneal transplant or therapeutic penetrating 

keratoplasty (TPK), is generally reserved for cases of corneal perforation, relentless 

progression (despite medical treatment) and for visual rehabilitation once the acute infection 

has resolved and the cornea is scarred. There are a limited number of antifungals available 

with action against fungal keratitis, of which there are four main groups: imidazoles, triazoles, 

polyenes and fluorinated pyrimidines. These may be available topically, orally or by 

intravenous injection. Subconjunctival injection or corneal stromal injection may also be given.  

 

Medical management of FK  

Topical treatment  

Most antifungal agents used for fungal keratitis belong to either the polyene (natamycin and 

amphotericin) or azole (voriconazole (VCZ), ketoconazole (KCZ), fluconazole, itraconazole, 

miconazole, and poscaconazole). Polyenes work by binding to ergosterol (essential for 

maintaining cellular membrane integrity) and inhibiting its cellular functions; additionally, 

amphotericin B permeabilises the fungal membrane (natamycin does not).1-3 Azoles, on the 

other hand, act by inhibiting the biosynthesis of ergosterol.4 

There have been several clinical trials comparing various treatment options for filamentous 

fungal keratitis over the last few decades, which have been reviewed systematically.5, 6 All 

trials have to date been conducted in South Asian countries with a high incidence of fungal 

keratitis.  

Natamycin, voriconazole and econazole 

Natamycin (NATA) was approved in the 1960s by the FDA and still remains the only licensed 

drug in the USA for FK. It is produced naturally by the bacteria Streptomyces natalensis.7 

When manufactured, it is produced as a preserved suspension formulation at a 5% 

concentration (50mg/ml). Given it is a suspension, it must be shaken well before application. 

It is active against a wide range of fungal organisms including Fusarium, Aspergillus, 

Alternaria, Candida, Cephalosporium, Colletotrichum, Curvularia, Lasiodiplodia, 

Scedosporium, Trichophyton, and Penicillium.8 Patients are usually treated initially with one 

drop hourly, typically for a week, with the frequency reduced depending on the clinical 

response. Once the infection has resolved, it is advisable to continue with natamycin four 

times daily for four more weeks.9 
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NATA has been compared to several other topical agents including voriconazole and 

econazole. 10-15  Voriconazole, a triazole antifungal agent licensed for the treatment of invasive 

aspergillosis, is used off-label as a topical formulation for fungal keratitis. It is not currently 

routinely available as a pre-prepared eyedrop, and instead must be reconstituted from the 

powder for injection to achieve a concentration of 10mg/ml.16 Once reconstituted, it is 

advisable to be refrigerated and used within 48 hours.16  Its antifungal activity and dosing 

regimen is similar to NATA.17 In an initial prospective randomised controlled trial (RCT) 

showed no significant difference (P=0.837) between the groups in terms of primary outcome 

measure (time to healing of epithelial defect). The authors therefore concluded that 

voriconazole was “an effective and well-tolerated drug” and larger trials were warranted to 

demonstrate superiority.10 Meanwhile, Prajna et al. also compared topical natamycin to 

voriconazole in a therapeutic exploratory randomised clinical trial; 120 patients were 

randomised to either natamycin or voriconazole and either had repeated corneal epithelial 

scraping or not. The study also concluded that there was no significant difference between 

groups for the primary outcome of visual acuity at three months, with a non-significant trend 

favouring voriconazole (0.98 logMAR better, 95%CI: -0.28 to 0.83, P=0.29). Incidentally, 

repeated scraping was associated with a worse outcome, although again this was non-

significant (p=0.06).11 To evaluate the efficacy of voriconazole thoroughly, the Mycotic Ulcer 

Treatment Trials (MUTT) were developed.12, 13 In MUTT1, topical natamycin 5% was 

compared to topical voriconazole 1% in a trial that was due to recruit 368 patients but was 

terminated earlier on recommendation by the trial Data Safety and Monitoring Committee, as 

the number of perforations in the voriconazole group were significantly higher than in the 

natamycin group (34 vs. 18 perforations, p = 0.02; after 323 recruited). Vision was -0.18 

logMAR better at three months in the natamycin group compared to the voriconazole group 

(P=0.006).12 Sharma et al. also found natamycin to be superior to voriconazole in terms of 

best spectacle corrected visual acuity (BSCVA) vision at final follow-up in a more recent 

randomised controlled trial that recruited 119 patients (NATA mean BSCVA LogMAR 0.6 (CI 

0.4-0.8), compared to voriconazole mean BSCVA LogMAR 1.1 (CI 0.9-1.2) P=0.01).14 

There have been two published metanalyses studies comparing natamycin to voriconazole 

with the primary outcome being best spectacle corrected visual acuity at three months.5, 18 

These included the pilot study by Prajna and colleagues (2010), the study by Arora and 

colleagues, and MUTT1.11, 12, 19 The Cochrane review found a non-significant trend favouring 

natamycin (Figure 6),5 whilst McDonald et al found evidence for natamycin being superior to 

voriconazole (Figure 7).18 The discrepancy between these two results is likely due differences 

in inclusion criteria and analysis strategy; the total number of subjects in the analysis by 

McDonald was 473, compared to 434 in the Cochrane review. The Cochrane review analysis 
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used a more conservative random-effects model rather than a fixed- effect model, as there 

were only three studies included. There has been no further published peer-reviewed 

metanalysis that includes the more recent study by Sharma et al (2015), although if this study 

were also to be included, then the pooled estimate of effect would be clearly in favour of 

natamycin 5% (standardised mean difference 0.34 logMAR, 95% CI 0.17 to 0.50; I2 = 73.3%, 

P=0.011; personal communication from Dr Simon Arunga). 

 

Figure 6: Forest plot of topical natamycin 5% versus voriconazole 1% (outcome: best spectacle corrected visual 

acuity, logMAR). Reproduced from FlorCruz NV, Evans JR. Medical interventions for fungal keratitis. The Cochrane 

database of systematic reviews 2015; 4: CD004241 with permission from John Wiley and Sons.5 

 

Figure 7: Forest plot of topical natamycin 5% versus voriconazole 1% (outcome: best spectacle corrected visual 
acuity, logMAR). Reproduced from McDonald EM, Ram FS, Patel DV, McGhee CN. Effectiveness of Topical 

Antifungal Drugs in the Management of Fungal Keratitis: A Systematic Review and Meta-analysis of Randomized 

Controlled Trials. Asia Pac J Ophthalmol (Phila) 2014; 3(1): 41-47 with permission Wolters Kluwer Health, Inc.18 

If one considers perforations (or need for TPK) as the outcome measure, there are significantly 

fewer perforations or TPKs in patients treated with natamycin 5% compared to voriconazole,5, 

18 as reported by the two metaanalyses (risk ratio favouring natamycin 1.89, 95% CI 1.14 to 

3.12; I2 = 0%, P=0.01; Figure 8 and Figure 9)18. 
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Library
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Cochrane Database of Systematic Reviews

in di!erent directions. (MD -0.12 logMAR, 95% CI -0.31 to 0.06).
(Analysis 1.1, Figure 4).
 
Figure 4.   Forest plot of comparison: 1 Topical natamycin compared to topical voriconazole, outcome: 1.1 Best
corrected visual acuity [logMAR].

 
Compliance with treatment

Not reported.

Adverse outcomes

MUTT 2010 found 18/141 (12.8%) people randomised to natamycin
had corneal perforations or therapeutic penetrating keratoplasty,
or both, compared to 34/143 (23.8%) in people given voriconazole
(RR 0.54; 95% CI 0.32 to 0.90). One (out of 15) participants in

the voriconazole group in Arora 2011 experienced a perforation
and required therapeutic penetrating keratoplasty. None of the
15 participants in the natamycin groups required keratoplasty. In
Prajna 2010 there were nine corneal perforations in the natamycin
group and 10 in the voriconazole group (RR 0.90; 95% CI 0.39 to
2.06). The results of these studies were homogeneous (I2 = 0%)
and the pooled risk ratio suggested a 39% relative risk reduction
in favour of natamycin (RR 0.61; 95% CI 0.40 to 0.94) (Analysis 1.2,
Figure 5).

 
Figure 5.   Forest plot of comparison: 1 Topical 5% natamycin versus topical 1% voriconazole, outcome: 1.2 Corneal
perforation.

 
Two participants in Arora 2011 developed cataract but it was not
clear which group these participants were in.

No systematic adverse e!ects were recorded in Prajna 2010.

No adverse reactions to study medications were noted in Arora
2011.

Quality of life

Not reported.

Subgroup analysis

MUTT 2010 did a subgroup analysis on the basis of type of fungal
infection. The e!ect of natamycin versus voriconazole was di!erent
in the people infected withFusarium species compared to those
infected with non-Fusarium species. This subgroup analysis was
not prespecified in this review and it was not clear if it was
prespecified in the MUTT trial.

 

Natamycin versus voriconazole in people infect-
ed with Fusarium species

Natamycin versus voriconazole in people infect-
ed with non-Fusarium species.

Outcome measures

Effect estimate (95% CI) Effect estimate (95% CI)

Microbiological cure at 6 days RR: 2.29 (1.67 to 3.15) RR 1.33 (1.10 to 1.63)

Time to re-epithelialization HR: 1.89 (1.21 to 2.93) HR: 1.00 (0.70 to 1.42)

Best spectacle-corrected vi-
sual acuity

RC: 0.41 logMAR (0.61 to 0.20) RC: 0.02 logMAR (-0.17 to 0.13)

Medical interventions for fungal keratitis (Review)
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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(P = 0.03, I2 = 80%). Florcruz et al14 also reported that natamycin
had the highest failure rate of all antifungals. However, they
identified this comparison between treatment arms of different
trials did not represent randomized comparisons and may in fact
have reflected differences in the populations studied.14 Unfor-
tunately, this methodology also does not take into consideration
study size, study quality, weighting of included studies, or in-
trastudy and interstudy variability. Furthermore, this conclusion
was largely influenced by inclusion of the chlorhexidine study6

that used half the standard concentration of natamycin (2.5%)
as control. Li and Dickersin25 investigated common errors in
meta-analyses (such as described above) and cautioned on the
potential negative impact regarding patient care and resource
management derived from erroneous conclusions. In contrast,
our meta-analysis reports no difference in risk of treatment fail-
ure with natamycin compared with voriconazole or silver sulfa-
diazine compared with miconazole.

In the current study, miconazole was reported to have a
trend toward significance (P = 0.06) when compared with silver
sulfadiazine regarding treatment failure (defined as worsening
of infection or lack of response to treatment). However, this
result may be attributable to resistance of Fusarium to micon-
azole in both studies. Despite studies reporting increased cor-
neal penetration of voriconazole compared with natamycin,26,27

this did not correspond with a decreased risk of treatment fail-
ure. Treatment failure was comparable with both natamycin and
other antifungals (econazole, chlorhexidine, or voriconazole).
Of note, participants in studies comprising this outcome were
reported to be infected only with filamentous fungi. Therefore,
this outcome cannot be extrapolated to corneal yeast infections
such as Candida.

A small dose-finding study7 of chlorhexidine 0.2% for
the treatment of FK (compared with natamycin 5%) reported
chlorhexidine to decrease the risk of treatment failure. More-
over, a larger study6 comparing a reduced concentration of
natamycin (2.5%) to chlorhexidine (0.2%) also reported chlor-
hexidine to significantly decrease risk of treatment failure. Be-
cause of clinical heterogeneity (differing concentrations of
natamycin), meta-analysis of these 2 studies was deemed inap-
propriate. Further studies are encouraged to investigate the po-
tential of chlorhexidine 0.2% in decreasing risk of treatment
failure compared with the commercially available strength of
natamycin (5%).

The current meta-analysis reports no significant difference
in risk of corneal perforation in 473 participants when voriconazole
was compared with natamycin. However, voriconazole increased
the risk of therapeutic keratoplasty almost 2-fold in 473 participants
when compared with natamycin. Resistance of Fusarium to
voriconazole was noted to contribute greatly to this outcome in

one of the included studies.18 Resistance to voriconazole did not,
however, increase risk of corneal perforation.

Two studies reported no difference in 3-week BCVAwhen
voriconazole was compared with natamycin. However, final visual
acuity was better with natamycin compared with voriconazole.
One of the included studies, that by Prajna et al,18 recently re-
ported worse BCVA in a subgroup analysis of participants
infected with Fusarium species using voriconazole, which may
explain this observation. Interestingly, Prajna et al18 also noted
no such differences were observed in non-Fusarium cases and
attributed this result to resistance of Fusarium to voriconazole.
Single studies reported no difference in corneal scar size when
these 2 drugs were compared.

Adverse effects were reported only in single studies. Use
of both silver sulfadiazine and miconazole caused allergic re-
action in 3 participants (2 in the miconazole arm). However, this
was attributed to the ointment base rather than the active in-
gredient. One participant using chlorhexidine was diagnosed
with punctate epithelial keratopathy, which was attributed to
eye-drop application exceeding the 3-hourly protocol.

As in any systematic review, it is possible that not all studies
were identified. However, a comprehensive search for published
and unpublished studies was performed to decrease the chance
of missing any potential studies. In addition, no language re-
striction was applied, and in studies with insufficient data, authors
were contacted for further details.

This meta-analysis of RCTs evaluates the effectiveness
of topical antifungals in the management of FK. This review
reports significant difference in risk of therapeutic keratoplasty
and visual acuity outcomes with voriconazole compared with
natamycin. No difference was reported in treatment failure when
topical antifungal drugs (chlorhexidine gluconate, econazole,
miconazole, natamycin, silver sulfadiazine, or voriconazole) were
compared with each other.

Clinical Implications
Therefore, on the basis of available data, most topical anti-

fungal drugs appear suitable for use in the management of FK
caused by filamentous fungi, although caution is required with
voriconazole as there is significantly greater risk of therapeutic
keratoplasty and poorer visual acuity following acute infec-
tion compared with natamycin, particularly in patients infected
with Fusarium.
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FIGURE 3. Final visual acuity (logMAR); natamycin provides a significant improvement in visual acuity following acute infection
compared with voriconazole.
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Figure 8: Forest plot of topical natamycin 5% versus voriconazole 1% (outcome: corneal perforation). Reproduced 
from FlorCruz NV, Evans JR. Medical interventions for fungal keratitis. The Cochrane database of systematic 

reviews 2015; 4: CD004241 with permission from John Wiley and Sons.5 

 

Figure 9: Forest plot of topical natamycin 5% versus voriconazole 1% (outcome: therapeutic penetrating 

keratoplasty). Reproduced from McDonald EM, Ram FS, Patel DV, McGhee CN. Effectiveness of Topical 
Antifungal Drugs in the Management of Fungal Keratitis: A Systematic Review and Meta-analysis of Randomized 

Controlled Trials. Asia Pac J Ophthalmol (Phila) 2014; 3(1): 41-47 with permission Wolters Kluwer Health, Inc.18 

Subgroup analysis in MUTT1 demonstrated that the effect of natamycin compared to 
voriconazole was significantly greater in those infected with Fusarium species (40% of 

patients) compared to those with non-Fusarium species (Aspergillus 17%, other 43%), for 

whom there was no evidence of a difference between treatment arms.12 However, this 

subgroup analysis was not prespecified in the MUTT1 protocol. Similar findings were reported 

by the 2015 trial by Sharma.14 

NATA has also been compared to econazole 2%, an imidazole antifungal agent, investigating 

time to healing and proportion healed (“success”) at four weeks.15 In this trial, 116 patients 

were recruited in India, of whom the majority were infected with Fusarium (55.2%) followed by 

Aspergillus (25.9%), and randomised to either natamycin 5% or econazole 2%. There was no 

significant difference between the two arms in terms success (log rank 0.52, P = 0.47) or for 

time to healing (epithelial defect, log rank 0.82, P = 0.37; infiltrate, log rank 0.86, P = 0.35). 

This study may have been inadequately powered to detect a difference and did not consider 

vision or perforation rate, unlike the more recent trials, limiting the usefulness of these results. 
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in di!erent directions. (MD -0.12 logMAR, 95% CI -0.31 to 0.06).
(Analysis 1.1, Figure 4).
 
Figure 4.   Forest plot of comparison: 1 Topical natamycin compared to topical voriconazole, outcome: 1.1 Best
corrected visual acuity [logMAR].

 
Compliance with treatment

Not reported.

Adverse outcomes

MUTT 2010 found 18/141 (12.8%) people randomised to natamycin
had corneal perforations or therapeutic penetrating keratoplasty,
or both, compared to 34/143 (23.8%) in people given voriconazole
(RR 0.54; 95% CI 0.32 to 0.90). One (out of 15) participants in

the voriconazole group in Arora 2011 experienced a perforation
and required therapeutic penetrating keratoplasty. None of the
15 participants in the natamycin groups required keratoplasty. In
Prajna 2010 there were nine corneal perforations in the natamycin
group and 10 in the voriconazole group (RR 0.90; 95% CI 0.39 to
2.06). The results of these studies were homogeneous (I2 = 0%)
and the pooled risk ratio suggested a 39% relative risk reduction
in favour of natamycin (RR 0.61; 95% CI 0.40 to 0.94) (Analysis 1.2,
Figure 5).

 
Figure 5.   Forest plot of comparison: 1 Topical 5% natamycin versus topical 1% voriconazole, outcome: 1.2 Corneal
perforation.

 
Two participants in Arora 2011 developed cataract but it was not
clear which group these participants were in.

No systematic adverse e!ects were recorded in Prajna 2010.

No adverse reactions to study medications were noted in Arora
2011.

Quality of life

Not reported.

Subgroup analysis

MUTT 2010 did a subgroup analysis on the basis of type of fungal
infection. The e!ect of natamycin versus voriconazole was di!erent
in the people infected withFusarium species compared to those
infected with non-Fusarium species. This subgroup analysis was
not prespecified in this review and it was not clear if it was
prespecified in the MUTT trial.

 

Natamycin versus voriconazole in people infect-
ed with Fusarium species

Natamycin versus voriconazole in people infect-
ed with non-Fusarium species.

Outcome measures

Effect estimate (95% CI) Effect estimate (95% CI)

Microbiological cure at 6 days RR: 2.29 (1.67 to 3.15) RR 1.33 (1.10 to 1.63)

Time to re-epithelialization HR: 1.89 (1.21 to 2.93) HR: 1.00 (0.70 to 1.42)

Best spectacle-corrected vi-
sual acuity

RC: 0.41 logMAR (0.61 to 0.20) RC: 0.02 logMAR (-0.17 to 0.13)

Medical interventions for fungal keratitis (Review)
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Of note, a very small number of yeast infections (Candida)
were identified in 2 included studies, both comparing silver
sulfadiazine with miconazole.10,11

Although corneal yeast infections have been associated
with contact lens use,20,21 recent studies have reported an in-
crease in filamentous FK in this group.4,22 Although polyenes
such as amphotericin B are reported to be effective for corneal
yeast infections,23,24 no studies met our inclusion criteria com-
paring topical amphotericin B to other topical antifungals.

The quality of the included studies was generally good. At-
trition and reporting bias were low in all studies. Overall, 5 studies
adequately described methods of randomization and allocation
concealment, and 6 described methods of masking. Where drug
company sponsorship/funding was identified, authors stated no
drug company involvement in conduct of the trial, data analysis,
manuscript preparation, and decision to publish. All studies were
conducted in India and Bangladesh, with the predominant cause
of fungal infection being filamentous fungi (namely, Fusarium

and Aspergillus). Seven of the included studies were conducted
by 3 authors: Rahman, Mohan, and Prajna. Because of similar-
ities in study population and consistency in study conduct, it is
not surprising perhaps that no significant heterogeneity was
observed in the meta-analyses. The meta-analyses compar-
ing voriconazole and natamycin for treatment failure, corneal
perforation, therapeutic keratoplasty, and BCVA comprised
3 high-quality studies with low risk of bias, adding weight to
the evidence presented.

In the current meta-analysis, further trials reporting time
to cure are required. A recent systematic review by Florcruz
et al14 reported a favorable response to treatment at 5 days with
chlorhexidine compared with natamycin with no difference at
day 21. Unfortunately, these comparisons need to be treated with
caution because of the combination of differing concentrations
of chlorhexidine (0.05%, 0.1%, and 0.2%) and natamycin (2.5%
and 5%). Although results of favorable response were signifi-
cant at day 5, there was evidence of significant heterogeneity

TABLE 2. Outcomes With 2 or More Included Studies Comparing Topical Antifungal Drugs for Fungal Keratitis

Comparisons/Outcomes
No. of Studies

[Reference] (No. Subjects)
Event

Rate, n/N W2
P

(Het)
RR

(95% CI)
P

(Effect)

Treatment failure
SS 1% vs Mic 1% 2 [14, 15] (73) SS 10/41, Mic 15/32 0.15 0.70 0.53 (027 to 1.03) 0.06
Vor 1% vs. Nat 5% 2 [16, 21] (150) Vor 11/75, Nat 9/75 0.37 0.55 1.21 (0.55 to 2.68) 0.64

Complications of infection
Voriconazole 1% vs natamycin 5%

Corneal perforation 3 [16, 20, 21] (473) Vor 26/236, Nat 19/237 0.55 0.76 1.36 (0.78 to 2.37) 0.27
Therapeutic keratoplasty 3 [16, 20, 21] (473) Vor 38/236, Nat 20/237 1.46 0.48 1.89 (1.14 to 3.12) 0.01*

BCVA (logMAR) WMD (95% CI) P (Effect)
Voriconazole 1% vs natamycin 5%

3-wk Visual acuity 3 [16, 20, 21] (473) NA 0.55 0.46 0.09 (j0.02 to 0.20) 0.12
Finala visual acuity 3 [16, 20, 21] (473) NA 2.80 0.25 0.13 (0.00Y0.27) 0.05*

n/N indicates number of participants with event in treatment arm/total number of participants in treatment arm; W2, Cochran Q; Het, heterogeneity;
SS, silver sulfadiazine; Mic, miconazole; Vor, voriconazole; Nat, natamycin; Finala, 2 trials reported final visual acuity at 3 months and the other trial at
2 months; NA, not applicable.

*Statistically significant outcome (P e 0.05).

FIGURE 2. Risk of therapeutic keratoplasty (TK); voriconazole provides a significant increase in risk of TK compared with natamycin.
Details of risk of TK with voriconazole compared with natamycin. The mean value for each trial is indicated by a square box with the line
through it representing the 95%CI. Mean values left of the vertical line of no effect (1) indicate less TK with natamycin, and values on the
right indicate less TK with voriconazole. The solid diamond indicates the overall mean effect both treatments have on TK. A percentage
weighting (weight), which is dependent on the precision and sample size of the estimation of the mean value for each RCT, is allocated to
each study. The W2 and the degrees of freedom (df) values at the bottom left of each time point provide a measure of heterogeneity of
the results. The Z statistic indicates the level of significance for the overall result. P e 0.05 is considered statistically significant (M-H
indicates Mantel-Haenszel).
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Although the authors suggested that econazole 2% could be an alternative treatment to 

natamycin, there have been no subsequent randomised controlled trials, likely due to the 

emergence of voriconazole to the market. A retrospective study by the same group comparing 

NATA monotherapy with NATA plus econazole 2% found no difference between the two arms 

in terms of “success” (healed or healing ulcer at four weeks). Despite this, it should be borne 

in mind that econazole is considerably cheaper and more widely available than voriconazole 

and is often the only topical antifungal available in many Low- and Middle-Income Countries 

(LMICs).20 

Similar to many other eyedrops, when used for a prolonged duration, natamycin can be toxic 

to the corneal epithelium. Other side effects include burning or stinging when applied, ocular 

discomfort including foreign body sensation, conjunctival hyperaemia, and epiphora. In 

addition to a similar mild side effect profile to natamycin, topical voriconazole has been 

reported to cause periocular dermatitis.   

A new soluble form of topical natamycin (natamycin 1% w/v, “Natasol”) has been developed, 

with initial experimental animal studies suggesting it is safe with no cases of ocular toxicity 

reported, as well as being non-inferior to natamycin 5% suspension in terms of its 

pharmacodynamics and ocular penetration.21 Further research is warranted, but the authors 

hope that patient compliance may be increased in this formulation. 

Given the strong evidence for natamycin, it is generally considered the first-line agent for 

fungal keratitis, particularly in areas with a high prevalence of Fusarium. For this reason it has 

been added to the WHO essential medicine list,22 although its cost outside of South Asia 

(where it is made as an off-patent generic medication), remains prohibitively expensive for 

many and availability remains very limited.  

Amphotericin B, Fluconazole, and echinocandins 

Although amphotericin B has been used as an alternative, often second-line, agent to treat 

fungal keratitis, there is very limited evidence with regards to its efficacy other than case 

reports and case series, some of which have used it in addition to other antifungals.17, 23, 24 In 

its standard form amphotericin B cannot penetrate the intact cornea. Amphotericin B has been 

shown to be more effective against yeasts compared to Fusarium species.25, 26 There have 

been no head-to-head trials published to date comparing topical amphotericin B to other 

topical agents. 

Fluconazole is generally considered to be much more effective against yeast infection than 

filamentous fungal infection. A randomised controlled trial comparing natamycin 5% to 
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fluconazole 0.2% was terminated early after only eight patients were enrolled, as all four 

patients in the fluconazole arm showed no signs of improvement.27 However, rather 

surprisingly, a more recent case series from Paraguay of filamentous fungal keratitis patients 

treated with either fluconazole 0.2% monotherapy or fluconazole 0.2% and oral ketoconazole 

200mg suggested that fluconazole 0.2% may be effective in filamentous fungal infections with 

70% of patients showing resolution of their disease, with no evidence of benefit from the 

addition of oral ketoconazole.28 There is currently no convincing evidence to recommend the 

use of topical fluconazole in filamentous fungal keratitis.   

The echinocandins are a relatively novel class of antifungal agent that act by blocking β-(1,3)-

D-glucan synthesis, which is an important structural component that maintains the fungal cell 

wall integrity,29 and consists of three agents: caspofungin, micafungin, and anidulafungin. 

They have been shown to be successful at treating systemic fungal infections,30, 31 and in vitro 

and animal studies have suggested a potential role for their use in fungal keratitis.29, 32-36 

However, other than several case reports,29, 37-41 there is very limited published evidence 

regarding their efficacy (particularly as monotherapy), and their use at present is best 

considered experimental with larger clinical trials warranted.  

Oral treatment 

Adjunctive oral treatment for FK, with either itraconazole, ketoconazole or voriconazole, has 

been investigated and remains controversial.9 In MUTT 2, again in conducted in South Asia 

(India and Nepal), 240 patients with severe fungal keratitis (BSCVA logMAR 1.3 or worse) 

were randomised to either oral voriconazole or placebo, with all patients receiving topical 

treatment (initially topical voriconazole monotherapy prior to the results of MUTT 1, then in 

combination with natamycin, two years into recruitment). There was no difference in primary 

outcome (perforation rate or corneal graft) within three months between groups (hazard ratio, 

0.82; 95% CI, 0.57–1.18; P = 0.29), with more side effects reported in the voriconazole group 

(P < 0.001). The study therefore concluded that there was no benefit in adding oral 

voriconazole in the treatment of severe filamentous fungal corneal infections.13 A prespecified 

subgroup analysis suggested that Fusarium infected patients treated with oral voriconazole 

may have a reduced rate of perforation, although this was not statistically significant.  

An earlier RCT of 54 FK patients treated with topical itraconazole compared oral itraconazole 

to no oral treatment (i.e. no placebo in the control arm).42 In terms of healing by six weeks, 

there was no evidence of a difference between arms (RR 1.0, 95%CI 0.37 – 2.71). 

More recently, an RCT of 50 patients (all treated with topical natamycin) with severe FK were 

randomised to either oral voriconazole or oral ketoconazole.43 There was evidence that 
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patients treated with oral voriconazole had 0.26 LogMAR better BSCVA at three months 

compared to those treated with oral ketoconazole (95% CI, 0.04–0.48; P = 0.02). There was 

no difference in perforation rates between these two groups (P= 0.45). 

Oral antifungal therapy has the potential to cause severe, even life-threatening, adverse 

effects, primarily in the form of hepatotoxicity. Dosing for voriconazole should be body weight 

dependent, with adults with a body weight under 40kg receiving 200mg twice a day for two 

doses (as loading doses) and then 100mg twice a day for the duration of therapy.44  Adults 

40kg and above should receive double this dose. Bioavailability of voriconazole is good, with 

peak plasma concentration achieved between 1.43 and 1.81 hours after ingestion, although it 

should be taken 1 hour before or 2 hours after eating.45, 46 Baseline and three-monthly liver 

function tests is necessary due to the risk of hepatotoxicity.9 In addition, oral voriconazole can 

cause visual disturbance, change in colour vision, and photophobia. These are typically 

transient and occur in one third of patients, occurring approximately 30 minutes after 

administration and lasting for 30 minutes. Rarely, visual hallucinations, confusion, and 

psychosis have been reported.47 

Given the limited evidence for any additional adjunctive effect and potential for systemic side 

effects, adjunctive oral voriconazole in FK remains controversial and should not be given 

routinely, even for severe disease. The need for liver function testing is an additional challenge 

to many settings where FK is common but such facilities may not be easily accessible or 

affordable. 

Targeted drug delivery 

In addition to topical treatment, injections of anti-fungals into either the corneal stroma (i.e. 

intrastromal injection) or anterior chamber (i.e. intracameral injection) have also been 

performed in severe disease where the response to topical treatment has been inadequate.48, 

49 Options that have been reported in the literature include intracameral amphotericin B or 

voriconazole, and intrastromal amphotericin B or voriconazole.9, 47, 50 Natamycin has generally 

been avoided in a targeted manner as it is usually formulated as a suspension and initial 

animal studies did not recommend its use,51 however there have been recent experimental 

studies using a new soluble form of the drug (sterile unpreserved Natasol 0.01% intrastromal 

injection), that suggest it may have a role to play;21, 52 further evaluation is necessary.  

Intrastromal injections are performed by injecting a suitable antifungal (e.g. voriconazole 50 

μg/0.1 ml) loaded within a 1ml tuberculin syringe with a 30-gauge needle, which is inserted 

obliquely into the clear, uninvolved cornea to reach just adjacent to the ulcer within the mid-

stromal level.48 The drug is deposited circumferentially around the ulcer by giving five divided 



Jeremy Hoffman PhD Thesis 2023 96 

doses, resulting in the drug surrounding the ulcer in each meridian. This can be repeated, with 

72 hours between injections. There are inherent risks involved, including spreading infection 

to new foci, intraocular inflammation, cataract formation, perforation, raised intraocular 

pressure, hyphaema, and damage to the corneal endothelium.9 

Intrastromal voriconazole injections have been compared to topical therapy alone in two 

randomised controlled trials.53, 54 The first was a randomised controlled trial of 40 patients who 

were not responding to initial therapy with natamycin 5%. Patients were randomised to either  

topical voriconazole 1% alone or to intrastromal injections of voriconazole 50 μg/0.1 ml.53 The 

authors found that patients receiving topical voriconazole had a mean BSCVA of -0.397 better 

than the intrastromal injection group (P = 0.008). Additionally, 19/20 patients receiving topical 

voriconazole healed with therapy. The authors concluded that topical, as opposed to 

intrastromal, voriconazole may be beneficial in addition to natamycin in recalcitrant disease 

not-responding to natamycin 5% monotherapy.53 The second, more recent, clinical trial 

compared natamycin 5% monotherapy to natamycin 5% and intrastromal voriconazole in 70 

patients with fungal keratitis.54 The authors found no evidence of a difference between the 

groups for all outcome measures investigated (BSCVA, scar size, perforation rate, and 

microbiological cure) and concluded that “studies consistently suggest voriconazole has a 

limited role in the treatment of filamentous fungal ulcers”.54 Based on these two studies, there 

is currently no clinical trial-level evidence to support intrastromal injections of voriconazole. 

There have, however, been several case series that found intrastromal voriconazole to be 

beneficial in treating deep infiltrates or stromal abscesses that have been unresponsive to 

first- and second-line topical and medical therapy (natamycin 5%, voriconazole 1%, oral 

itraconazole or ketoconazole).49, 55-57 There therefore may be a limited role for intrastromal 

voriconazole injections in select cases refractory to initial medical therapy. 

There is very limited published data on the use of intracameral voriconazole. One case series 

evaluated five fungal keratitis patients with endoexudates who were treated with a single dose 

of intracameral voriconazole 50mcg/0.1ml, followed by voriconazole 1% topical therapy.58 All 

cases demonstrated a complete resolution of infection within 3 weeks to 3 months. Another 

case series assessed intracameral voriconazole amongst 10 patients with fungal 

endophthalmitis resulting from keratitis in China.59 This used 100mcg/0.1ml intracameral 

voriconazole, and was repeated up to 8 times over the course of the disease. The authors 

reported that “all cases … of the fungal anterior chamber invasion … resolved after 

treatment”,59 and four eyes required therapeutic penetrating keratoplasties. There may 

therefore be a limited role for intracameral voriconazole injection in patients with very deep 

fungal keratitis with anterior chamber spread of the fungus. 
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There is emerging evidence for the use of intracameral amphotericin B (ICAB) for patients 

with deep and/or recalcitrant filamentous fungal infection. There have been three published 

small randomised controlled trials evaluating this treatment. In the first trial of 42 patients, 

conducted in China, patients received topical and oral fluconazole and either intracameral 

amphotericin B or sham injection, with those receiving intracameral amphotericin B exhibiting 

faster healing time (p=0.001).60 However, in the second trial, ICAB (5µg in 0.1ml 5% dextrose) 

injection, in addition to topical natamycin 5% and oral ketoconazole, was evaluated in 45 

patients with deep fungal keratitis.61 There were three arms in this trial: medical therapy alone; 

medical therapy and intracameral amphotericin B; and, medical therapy, intracameral 

amphotericin B and anterior chamber washout. This found no difference between the arms in 

terms of treatment success (primary outcome measure), time to disappearance of hypopyon, 

time to healing, final visual acuity, or healing. However, it should be noted that this study may 

have been underpowered to detect a difference, with only 15 patients in each arm. In contrast, 

two other non-randomised prospective interventional studies showed improved outcomes for 

patients treated with ICAB.62, 63 Non-responding (to medical therapy) patients treated with 

ICAB had a significantly greater mean improvement in BSCVA (P<0.01) compared to 

responding patients not treated with ICAB, faster clearance of hypopyon (P<0.01), fewer scars 

and complications (P<0.05).63 In the other study, all patients were given ICAB in addition to 

medical therapy, with one arm receiving it early (2 weeks) in contrast to the other arm receiving 

it late (4 weeks). Healing time was significantly faster in the early group (p<0.001) compared 

to the late group, whilst there were no perforations (0/25) in the early group, compared to 

10/25 in the late group (p=0.006).62 Several case series also suggest good outcomes for 

patients treated with intracameral amphotericin B.64-67 ICAB may therefore an appropriate 

treatment in select cases including recalcitrant deep filamentous fungal keratitis cases with 

hypopyon or anterior chamber involvement. An adequately powered randomised controlled 

trial would be helpful to answer this more clearly. 

Interestingly there is only limited published evidence on the use of intrastromal amphotericin 

B injection on its own, as several case series include it in combination with another intrastromal 

antifungal (either voriconazole or fluconazole). One audit from Egypt that retrospectively 

reviewed cases of FK not responding to topical therapy, found those treated with a single 

intrastromal injection of fluconazole and amphotericin B healed faster than those who received 

amphotericin B monotherapy.68 A case series of 32 patients with progressive FK despite 10 

days of combined topical voriconazole 1% and amphotericin B 0.15% found 87.5% of patients 

to demonstrate complete resolution of their fungal keratitis, with the remainder requiring 

TPK.69 Patients received between 1 and 18 intrastromal injections (mean 9.3 ±6.4). 
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Intrastromal amphotericin B (5mcg/0.1ml), intrastromal voriconazole (50mcg/0.1ml), and 

intrastromal natamycin (10mcg/0.1ml) injections have recently been compared in a three-way 

randomised controlled clinical trial in fungal keratitis patients not responding to two weeks of 

topical natamycin 5% therapy.70 Included patients had more than 50% stromal involvement 

and an ulcer size of more than 2mm. This found the mean duration of healing to be faster in 

the intrastromal natamycin group compared to the other two groups (p=0.02). There was no 

evidence of a difference between the groups in terms of healing success, although there was 

significantly more deep vascularisation in the intrastromal amphotericin arm.  

Surgical treatment 

Therapeutic penetrating keratoplasty 

Surgical management, typically in the form of TPK, is an important step in managing a 

significant proportion of patients with fungal keratitis, predominantly for patients with 

perforation, impending perforation, and cases not improving despite maximal medical 

therapy.71 The aim of surgery is to maintain globe integrity, whilst reducing the infectious 

burden. The percentage of patients requiring TPK is somewhat variable, with reports in the 

literature suggesting between 15-55% of FK patients required a TPK during the course of their 

disease.13, 71-75 Risk factors for requiring TPK include presence of hypopyon, increased 

infiltrate size and infiltrate depth at baseline,13 with the odds ratio for TPK or perforation found 

to be 2.28 (95% CI 1.18-4.40, p=0.01) in patients with hypopyon, 1.37 (95% CI 1.12-1.67, 

p=0.02) for each 1mm increase in infiltrate size (geometric mean), and 1.69 (95% CI 1.12-

2.53, p=0.01) with increasing infiltrate depth in MUTT2.13  

 

Unfortunately graft survival is often poor for patients with FK due to the active infection and 

inflammation, which increases the likelihood of graft rejection, secondary or re-infection, and 

secondary glaucoma.71 Recurrence within the graft has been reported from 0-47%,73, 76-80 

whilst secondary glaucoma in 2-64% of cases.71, 73, 74, 76, 81  

 

TPK success can be considered in terms of anatomical integrity, graft clarity, and visual 

improvement. These have been considered by several retrospective studies. Anatomical 

integrity has been reported to range from 64-97%,71, 76, 77, 79, 82, 83 graft clarity from 26-94%,73, 

76-80 and visual improvement in 6-88% of cases.74, 82 However, one should bear in mind that 

these studies did not specify whether secondary optical keratoplasties were performed. 

 

TPK has a crucial role to play in FK by saving the eye and controlling the infection. 

Unfortunately, however, there is a significant lack of donor cornea material in LMICs where 



Jeremy Hoffman PhD Thesis 2023 99 

the need is greatest. Where tissue is available, the quality is often poor with low endothelial 

cell counts.84 It has also been suggested that outcomes of TPK in LMICs may be poor due to 

delayed use of topical steroids post-operatively due to the fear of re-infection, meaning 

inflammation, graft decompensation, and vascularisation are more commonly encountered.71, 

84  

Lamellar keratoplasty 

Lamellar keratoplasty (LK) as an alternative surgical intervention to treat fungal keratoplasty 

has been reported in the literature.85-89 Unlike TPK, which is most frequently performed for 

perforations (either impending or frank), in the context of FK lamellar keratoplasty is usually 

performed to surgically resect infections not extending into the anterior chamber. LK has the 

advantage over TPK in that corneal donor material can be preserved in glycerol or 

dehydration,90, 91 meaning that supplying graft material for LMICs where there is a shortage of 

fresh corneal donors is possible. There have also been some published case series of using 

acellular porcine donor corneas, with promising results including low recurrence rates and 

good visual recovery.92, 93 By preserving the host endothelium, the risk of endothelial immune 

rejection post-operatively is reduced.94 However, LK is a technically more challenging 

procedure than TPK and surgeons will still need to convert to a TPK in the event of perforation, 

meaning that the advantage of using preserved donor material is lost.  

 

LK has been compared to TPK in two retrospective studies for fungal keratitis.85, 95 An early 

study from India in the 1960s concluded that “lamellar keratoplasty invariably fails, because 

the fungus is able to penetrate Descemet’s membrane” after it found that 6/7 LK cases 

developed re-infection, compared to only 1/10 cases in the TPK group.95 However, a recent 

retrospective study of 94 LK cases and 161 TPK cases from China using modern surgical 

techniques found no difference in recurrence rates between groups in terms of recurrence, 

whilst immune rejection rate was significantly lower in the LK group (1.1% vs 18.6% , p<0.001), 

along with secondary glaucoma (p=0.018). There was no difference in visual acuity or 

refractive outcome between groups.85 Another comparative study conducted for infective 

keratitis cases (including non-fungal cases) found no significant difference between LK and 

TPK in terms of therapeutic success (p=0.74), whilst LK patients had a significantly greater 

mean improvement in visual acuity compared to TPK patients (7.27 lines versus 4.76 lines, 

p=0.01).96 

 

Whilst these results suggest a potential role for LK in the surgical management of superficial 

medically recalcitrant FK, large-scale prospective studies are needed to evaluate this more 

definitively. LK may prove useful in settings where human donor corneal material is 
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unavailable, but this needs to be balanced against the more technically challenging nature of 

the procedure. 

 

Amniotic membrane grafts and conjunctival flaps 

The amniotic membrane is the innermost layer of the placenta, consisting of a single layer of 

epithelium, a thick basement membrane, and an avascular stromal matrix.97 It exhibits a 

diverse range of beneficial biological properties, including anti-inflammatory and antimicrobial, 

as well as promoting wound healing.98 Unlike corneal tissue, amniotic membrane donor tissue  

is widely available, easy to store, and not prone to graft rejection. As a result, it has been used 

to treat a wide range of ocular surface disorders including microbial keratitis, chemical eye 

injury, corneal perforation, and limbal stem cell deficiency, amongst others.98-100 

 

In managing microbial keratitis, amniotic membrane grafts (AMG) have typically been used as 

second-line therapy to promote corneal healing in cases of persistent epithelial defect 

following the sterilisation phase. However, there is emerging evidence from a recent 

systematic review and meta-analysis that there is a clear benefit in early adjuvant AMG in 

terms of more rapid corneal healing and improved visual outcome for moderate-to-severe 

fungal keratitis.100 This review highlighted two RCTs and one non-randomised controlled study 

that compared AMG to standard antimicrobial treatment,101-103 and calculated the pooled 

estimate of the time to complete corneal healing to be 6.90 days faster in the AMG group 

(mean difference − 6.90 days; 95% CI − 11.58 to − 2.21; P = 0.004).100 

 

Conjunctival flaps are often used in LMICs and particularly sub-Saharan Africa (SSA) for 

recalcitrant fungal keratitis as it is a relatively straightforward, low-cost procedure and does 

not require any donor tissue. It is believed that healing is promoted by placing a vascular bed 

over the ulcer, as well as controlling infection and protecting against small perforations.104, 105 

Despite conjunctival flaps often being used, there is limited published work regarding their 

efficacy. There has been one randomised controlled trial that compared AMG to conjunctival 

flaps and found no difference between arms in terms of re-epithelialisation time, persistence 

of infection, complications and visual improvement.106 Conjunctival flaps have also been used 

in addition to AMG. One case series from China of 17 patients with FK refractory to medical 

treatment who underwent conjunctival flaps in addition to AMG found that the globe was 

preserved in 15/17 (88%) of cases, whilst there were no cases of raised intraocular 

pressure.107 Conjunctival flaps may therefore be an appropriate treatment – either alone or in 

addition to AMG – for severe recalcitrant FK without large perforations. 
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Corneal collagen cross-linking 

Corneal collagen cross-linking (CXL) is a well-established technique that is typically used in 

preventing progression of corneal ectasias such as keratoconus and pellucid marginal 

degeneration. In brief, CXL involves ultraviolet-A irradiation of the cornea primed with 

riboflavin (vitamin B2, a photosensitiser), resulting in the formation of oxygen free radicals 

which then form covalent bonds between the stromal collagen fibrils, increasing the corneal 

biomechanical stability. Recently, CXL has been considered for the treatment of FK.108 There 

are several claimed mechanism of action including: 

• Direct anti-microbial action by damaging the pathogens’ DNA / RNA.109 

• Increasing the resistance to the micro-organisms’ enzymatic destruction of the corneal 

stroma.110 

• Enhanced corneal penetration of antifungals.111 

However, the evidence for this is limited with heterogenous protocols and conflicting results. 

There have been four RCTs to date comparing CXL and medical treatment to medical 

treatment alone. The first study from India of deep, recalcitrant FK cases was ended early 

after significantly more patients in the CXL perforated than in the medical arm.112 A second 

study from China showed better results for the CXL arm, but this was a small trial and the 

baseline severity of the cases was not reported.111 The CLAIR trial, a larger, more recent RCT 

from India, found that patients who underwent CXL plus topical therapy had significantly higher 

culture re-positivity at 24 hours and worse vision at 3 months, regardless of whether they 

received natamycin or amphotericin B as topical therapy.110 A subsequent analysis concluded 

that the reason for the worse vision in the CXL group was due to corneal scarring and 

astigmatism.113 These findings are in contrast to another recent trial from India of superficial 

cases, that found patients treated with CXL healed faster and had better final vision. However, 

the study was small and unmasked, whilst this analysis was unadjusted for baseline 

characteristics.114 These trials have been included in a systematic review and meta-analysis 

investigating the role of CXL in infectious keratitis, with a subgroup analysis specifically for 

fungal keratitis performed following the publication of the CLAIR trial.115, 116 This found that 

CXL did not confer any additional benefit or harm in terms of infiltrate size or adverse events, 

although an unequivocal recommendation regarding CXL use could not be made due to the 

insufficient number of trials and uneven covariate distribution. Taken together, these studies 

suggest that there is no role for CXL in severe, deep-seated FK due to the increased risk of 

perforation, whilst there is limited evidence for any benefit in superficial cases. 
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Argon laser for fungal keratitis 

There have been a few case reports on the use of argon laser as adjunctive treatment for 

refractory fungal keratitis unresponsive to topical and systemic therapy.117 Argon laser 

irradiation is performed using argon blue-green wavelengths, a spot size of 500μm, pulse 

duration of 0.10 seconds, and power ranging from 500 to 900 mW until blanching is observed 

of the stroma, together with small cavitations that reach the mid-stroma.117 It is postulated that 

argon laser may have a similar mechanism of action to corneal epithelial debridement, 

enhancing the penetration of antifungals.117 In addition, it may be fungicidal as a result of the 

thermal effect on the infected tissue,117 as the temperature rises to over 90°C when treated.118 

 

There have been two small RCTs conducted that included argon laser as a treatment arm: 

one that compared argon laser to intrastromal voriconazole injection,119 and the other 

comparing argon laser to AMG.120 Both included patients that were not responding to topical 

therapy by day 7. Both trials showed a significantly faster healing time with argon laser. There 

was no statistically significant evidence of a difference in vision between the two groups.119, 

120   

 

Whilst these studies show some promise for the role of argon laser, larger, more robust RCTs 

are warranted to investigate this further before the use of argon laser can be recommended 

routinely for treatment-refractory cases of FK; at present it remains experimental. 

 

Management strategy 

Developing standardised guidelines applicable to all settings for the management of FK is 

challenging, due to in part to differences in what treatment options and facilities are available, 

the prevailing fungal organisms, and cultural factors. Effectively evaluating any management 

strategy is also difficult. In spite of this, the so-called TST Protocol (Topical, Systemic and 

Targeted Therapy)57 has been developed based on the evidence outlined above, with the 

authors reporting the outcomes after four years of implementation on 223 cases (Figure 10). 

This protocol recommends initial monotherapy with natamycin 5% hourly for 48 hours, then 

two-hourly during waking hours until complete re-epithelialisation. At this point the dose is 

reduced to approximately four times a day for a further three weeks. Cycloplegia and pain 

relief are given. Patients with deep (>50% stromal depth), large (>5mm) ulcers are prescribed 

a systemic anti-fungal in addition (oral KCZ; administered 200 mg administered twice daily 

with meals or oral VCZ; 200 mg twice daily 2 h after a meal). If there is poor response by day 

7-10 after starting treatment, then topical voriconazole 1% is added, following the same dosing 

regime as natamycin. If patients were still responding poorly after a further 7-10 days, then 
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intrastromal and/or intracameral injections of anti-fungals were performed. These are repeated 

up to a maximum for four injections, 72 hours apart. Patients still not-responding despite 

targeted therapy, patients with significant corneal thinning contraindicating intrastromal 

injections, or those with frank corneal perforations undergo TPK. The treatment “success” rate 

in this group (healing without perforation or requiring TPK) was 79.8% overall, i.e. 20.2% of 

patients required TPK. This compares to 16% and 43.8% in MUTT 1 and 2 respectively.12, 13 

Treatment success was 89% in patients receiving intrastromal voriconazole, compared to 

63.1% in the medical management group. There was no comparative arm to this study, limiting 

conclusions, but it does highlight a potential rational, step-wise approach to managing FK.  

 

 
Figure 10: Tropical, Systemic and Targeted Therapy (TST) protocol for the management of fungal keratitis. 

Reproduced from Sharma N, Sahay P, Maharana PK, Singhal D, Saluja G, Bandivadekar P et al. Management 

Algorithm for Fungal Keratitis: The TST (Topical, Systemic, and Targeted Therapy) Protocol. Cornea 2019; 38(2): 
141-145 with permission from Wolters Kluwer Health, Inc.57 KCZ, ketoconazole; VCZ, voriconazole; NTM, 

natamycin. 

In view of the above evidence, first line management of filamentary FK is usually with topical 

natamycin 5% when it is available. It was added to the WHO Essential Medicines List in 2017 

for this indication. However, even when intensive topical natamycin is initiated, infections 

frequently progress relentlessly to perforation and loss of the eye in ~25% of cases, Figure 
11.12, 13, 20  
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Figure 11: Progression of Fusarium fungal keratitis in a Tanzanian patient despite prompt treatment with topical 
natamycin 5%. First photograph, baseline presentation; second photograph, progression of infiltrate and increasing 

hypopyon at one week despite admission and intensive natamycin 5% treatment; third photograph, corneal 

perforation at three-weeks following presentation. 

Additional and alternative drugs are clearly needed if the outcome of these infections is to 

improve. Moreover, in many countries antifungal eye drop treatments are simply not available. 

This includes most countries in SSA, some Asian countries and some countries in Europe. 

Natamycin is relatively expensive even if it is available.  

Chlorhexidine for Fungal Keratitis  

Chlorhexidine (CHX) is an antiseptic agent, with both antibacterial and antifungal properties. 

It is a widely-used broad-spectrum biocide, killing microorganisms through cell membrane 

disruption.121-123 For example, chlorhexidine 0.2% w/v solution is very widely used as a long- 

term mouth wash for the prevention and treatment of oral candidiasis (a fungal infection) and 

for general oral hygiene.124-126 Chlorhexidine 0.2% mouth wash is considered to be locally and 

systemically safe.  

CHX has been used in ophthalmology for more than 30 years as an eye-drop preservative, 

sterilizing contact lenses, pre-operative topical antiseptic and for treating Acanthamoeba sp. 

and fungal keratitis.127-132 It is very important to note that all chlorhexidine solutions used 

topically in ophthalmic practice are aqueous preparations: i.e. they do not contain any 

detergents or alcohol.  

In a study evaluating potential affordable anti-fungal treatments for keratitis, chlorhexidine 

digluconate was compared in vitro with propamidine (Brolene), povidone iodine and 

polyhexamethylene biguanide (PHMB).133 Several concentrations of these agents were tested 

against a panel of 95 fungal keratitis isolates from Ghana and India. The chlorhexidine 0.2% 

gave the best results in vitro, with inhibition of 90/95 isolates. The investigators then conducted 

a pilot case series study in India of chlorhexidine digluconate 0.2% in 11 patients with fungal 

keratitis (7 non-severe and 4 severe cases). They found that 10/11 cases healed on CHX; one 

severe case did not respond. The study also included a non-randomised comparison group of 

890 patients assessed 

for eligibility

643 cases of MK 

consenting for further 
investigations (Stage 1)

247 excluded

• 134 did not consent
• 55 healed or chronic ulcer

• 40 epithelial defect < 1.0mm
• 10 aged < 18 years

• 5 attended out-of-hours
• 1 viral keratitis

• 1 Mooren’s ulcer
• 1 unknown

354 randomised

178 assigned 

Chlorhexidine 0.2%
176 assigned 

Natamycin 5%

23 patients day-90 outcome 
data available #
• 14 LTFU
• 1 Moved away
• 2 Dropped out
• 6 LTFU Covid

25 patients no day-90 outcome 

available #

• 11 LTFU
• 5 dropped out
• 8 LTFU Covid
• 1 moved away

525 cases of FK

354 eligible for RCT 

(Stage 2)

118 did not have FK

171 excluded

• 88 current use of topical antifungals
• 72 did not consent

• 7 breastfeeding
• 3 attended out-of-hours

• 1 vision less than 6/60 fellow eye

8 mixed 

infections ^
12 mixed 

infections ^

141 included in 

primary intention-
to-treat analysis

143 included in 

primary intention-
to-treat analysis

151 primary 

outcome data 
available

153 primary 

outcome data 
available

2 patients no BSCVA available as 
reviewed at home #

153 day-90 

outcome data 
available

153 day-90 

outcome data 
available

Analysis 
at day-90
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Introduction

Methods

Discussion

References

Results

Figure 1: Progression of Fusarium keratitis despite prompt treatment with natamycin

Figure 2: Overview of the clinical trial. Microbial keratitis
is defined as presence of corneal epithelial ulceration
(>1 mm in diameter), corneal stromal infiltrate and signs
of acute inflammation.

Figure 3: Trial profile

Figure 4: Ninety-day BSCVA versus baseline BSCVA for patients in each investigational arm (excluding mixed
infections). Graph plotted with jitter added to prevent overlapping points. The red dashed line is where BSCVA
at baseline and BSCVA at day 90 are the same.

Treatment with natamycin is associated with significantly better visual acuity, with fewer

perforations, compared to treatment with chlorhexidine. However, the proportion of

healed chlorhexidine-treated cases is comparable to that of voriconazole reported in

earlier trials.1, 3, 4 Chlorhexidine appears to be effective in the “sterilisation phase”

initially, but prolonged treatment may lead to delayed re-epithelialisation and worse

scarring. A reduced concentration or reduced dosing frequency following initial

sterilisation may lead to improved healing and visual outcome. Natamycin remains the

preferred first-line monotherapy treatment for filamentous fungal keratitis. Chlorhexidine

0.2% may be considered in situations where natamycin is unavailable.
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Contribution and funding

We found strong evidence to suggest that natamycin-treated participants had
significantly better 3-month BSCVA than chlorhexidine-treated participants, after

adjusting for baseline BSCVA (regression coefficient, −0.30; 95% confidence interval

[CI], −0.42 to −0.18; P < 0.001), Fig. 4. There was no difference in re-culture positivity
between arms at day 7. The majority of chlorhexidine-treated patients healed (151/175,

86.3%), although this was less than natamycin-treated cases (163/173,

94.2%; P = 0.018). Natamycin-treated cases were less likely to perforate or require

an emergency corneal graft, after adjusting for baseline ulcer depth (odds ratio, 0.34;

95% CI, 0.15–0.79; P = 0.013).Design:
Randomised controlled,

non-inferiority clinical trial

Participants:
Adults attending a tertiary

ophthalmic hospital in

Nepal with FK confirmed

on smear or confocal

microscopy.

Methods:
Participants randomly

allocated to chlorhexidine

0.2% or natamycin 5%

(Fig. 2). Primary analysis

(ITT) was by linear

regression, using

baseline logMAR BSCVA

and treatment arm as the

prespecified covariates.

Mixed fungal-bacterial

infections were excluded

from the primary analysis

but included in secondary

analyses and secondary

safety-related outcomes.

The noninferiority margin

was 0.15 logMAR.

• Fungal keratitis (FK) accounts for more than half of all cases of

microbial keratitis in tropical regions, with an estimated

incidence of over 1 million cases/year.1

• Managing FK is challenging. The current first-line treatment is

with topical natamycin 5%, based on the results of the

Mycotic Ulcer Treatment Trials (MUTT), 3 additional clinical

trials, and a systematic review favoring natamycin

over voriconazole.2, 3, 4

• Despite treatment with natamycin, some reports suggest

approximately one quarter of patients continue to progress

to corneal perforation and ultimately blindness with

evisceration/enucleation (Figure 1).5

• Chlorhexidine is a broad-spectrum, antiseptic biocidal agent

that kills microorganisms through cell membrane

disruption.14 It has been used in various forms in

ophthalmology for more than 30 years, including as an eye

drop preservative, for sterilizing contact lenses, and for treating

fungal and Acanthamoeba keratitis.6

• A systematic review of 2 small, underpowered randomized

controlled trials found a nonsignificant trend favoring

chlorhexidine over natamycin in “curing” by 21 days (relative

risk, 0.70; 95% confidence interval [CI], 0.45–1.09).4

• Chlorhexidine has the additional advantages of being

inexpensive, easy to formulate, and generally well tolerated. In

view of the clinical equipoise surrounding using natamycin or

chlorhexidine for FK, we hypothesized that chlorhexidine might

be noninferior to natamycin for the treatment of FK.
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JAMA Ophthalmol, 131 (2013), pp. 422-429
3. N.V. Prajna, J. Mascarenhas, T. Krishnan, et al. Comparison of natamycin and voriconazole for the treatment of fungal keratitis. Arch 

Ophthalmol, 128 (2010), pp. 672-678
4. N.V. FlorCruz, J.R. Evans. Medical interventions for fungal keratitis. Cochrane Database Syst Rev, 4 (2015), p. CD004241
5. M.J. Burton, J. Pithuwa, E. Okello, et al. Microbial keratitis in East Africa: why are the outcomes so poor? Ophthalmic Epidemiol, 18 (2011), 

pp. 158-163
6. J.K.G. Dart, V.P.J. Saw, S. Kilvington. Acanthamoeba keratitis: diagnosis and treatment update 2009. Am J Ophthalmol, 148 (2009), pp. 487-

499.e2
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8 patients with fungal keratitis (7 non-severe, 1 severe) who were treated with topical 

econazole (a frequently used treatment at that time). They reported that 7/8 responded to 

econazole; the severe case did not respond to the econazole.  

Subsequently two pilot RCTs of CHX for fungal keratitis were conducted. In the first trial, 

involving 60 patients conducted in south India, three chlorhexidine gluconate concentrations 

(0.05%, 0.1%, 0.2% w/v) were compared to each other and to natamycin 5%.128 There was 

evidence suggestive that chlorhexidine 0.2% might be better than natamycin 5% both in terms 

of the proportion showing a favourable response by 5 days (75% vs. 44%) and cure by 21 

days (83% vs. 50%). The CHX 0.2% performed better than both the 0.05% and the 0.1% 

concentrations. The chlorhexidine 0.2% w/v concentration used in this trial is the same as that 

is used in mouthwash; and is systemically safe for oral mucosal application.  

In the second trial, involving 70 patients conducted in Bangladesh, CHX 0.2% was compared 

to topical NATA 2.5% (half standard concentration). There was evidence CHX 0.2% was 

associated with a favourable response in more cases than NATA 2.5% by 5 days (89% vs. 

51%; RR=0.23, 95%CI 0.09-0.63).129 By 21 days 44% of the CHX treated group were cured 

compared to 28% of the NATA group.  

Overall, a Cochrane systematic review of treatments for fungal keratitis found a non-significant 

trend favouring CHX over NATA in “curing” by 21-days (RR=0.70, 95%CI 0.45-1.09), when 

the data from these two trials was combined, Figure 12.5  

 

Figure 12: Forest plot of topical natamycin 5% versus chlorhexidine 0.2% (outcome: clinical cure). Reproduced 

from FlorCruz NV, Evans JR. Medical interventions for fungal keratitis. The Cochrane database of systematic 

reviews 2015; 4: CD004241 with permission from John Wiley and Sons.5 

In the first RCT from India, no toxicity effects were observed. In the second RCT from 

Bangladesh both CHX 0.2% and NATA 2.5% were well-tolerated; no treatment was 

discontinued because of allergy or toxicity. One patient in the chlorhexidine arm developed 

short-lived punctate corneal epithelial changes, which resolved when the drop frequency was 
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2. Topical 5% natamycin versus topical 2% econazole

Clinical cure

Prajna 2003 found that similar proportions of people comparing
natamycin versus topical econazole had clinical cure (RR 1.05; 95%
CI 0.81 to 1.35). Follow-up was at four weeks.

There was no significant di"erence (log rank 0.52, P = 0.47) between
the two arms for success which was defined as a healed or healing
ulcer at four weeks.

Time to clinical cure

Data were not reported in a form that enabled extraction.
The following quote is from the paper"There was no significant
di!erence in the time to heal based on baseline size of epithelial
defects (log rank 0.82, p=0.37), size of infiltrate (log rank 0.86, p=0.35)
or depth of infiltrate (log rank 0.74, p=0.39) between the two arms
of the study. There was no di!erence in the time to subside for
signs including lid oedema (log rank 1.05, p=0.31), congestion of
the conjunctiva (log rank 0.51, p=0.47) or hypopyon (log rank 0.23,
p=0.63) between the two arms."

Best-corrected visual acuity

Not reported.

Compliance with treatment

Not reported.

Adverse outcomes

Prajna 2003 "Exit criteria from the study were determined as a
clinical worsening of the ulcer—if the size and depth of the infiltrate
had increased by at least 20% with respect to the previous visit or
perforation—or adverse reactions to the drops." In the natamycin
group 34/61 (55.7%) exited the study compared to 30/55 (54.5%) of
the econazole group (RR 1.02; 95% CI 0.74 to 1.42).

Prajna 2003 did not elaborate on the ocular and systemic adverse
reactions due to natamycin or econazole.

Quality of life

Not reported.

3. Topical 5% natamycin versus topical chlorhexidine gluconate
(0.05%, 0.1% and 0.2%)

Clinical cure

In two trials by the same investigators (Rahman 1997; Rahman
1998) fewer cases of clinical cure at 21 days were observed in people
treated with natamycin compared to chlorhexidine gluconate at
various concentrations. However, the overall estimate of e"ect was
uncertain (RR 0.70, 95% CI 0.45 to 1.09; participants = 110; studies =
2; I2 = 0%) (Analysis 2.1, Figure 6).

 
Figure 6.   Forest plot of comparison: 2 Natamycin versus chlorhexidine, outcome: 2.1 Clinical cure.

 
Time to clinical cure

Not reported.

Best-corrected visual acuity

Not reported.

Compliance with treatment

Not reported.

Adverse outcomes

There was no report of significant systemic or ocular adverse
reactions from chlorhexidine gluconate or natamycin. A case

of temporary punctate epitheliopathy was observed in one
participant receiving chlorhexidine gluconate. This was attributed
to increased frequency of application of the drops. No early cataract
formation was observed at six months to one year a#er treatment
for participants exposed to chlorhexidine gluconate or natamycin.

In Rahman 1998 1/36 (2.8%) participants allocated to natamycin
had an enucleation compared to 3/35 (8.6%) participants allocated
to chlorhexidine (RR 0.32; 95% CI 0.04 to 2.97). Six of 36
(16.7%) participants allocated to natamycin had a perforation or
therapeutic penetrating keratoplasty, or both, compared to 0/35
participants allocated to chlorhexidine (RR 12.65; 95% CI 0.74 to
216.4). However, 3/36 (8.3%) participants in the natamycin were

Medical interventions for fungal keratitis (Review)
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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reduced. This a common finding when many different antibiotic drops are used very frequently. 

There was no early cataract development up to one year. Overall, CHX is safe and well- 

tolerated at these concentrations when used as a topical treatment for corneal infections.128, 

129, 132, 134 There is also extensive experience from using topical CHX for other indications. For 

example, CHX is applied to the ocular surface for antisepsis before giving intravitreal 

injections. A case series from Australia of 40,535 intravitreal injections which used CHX 0.1% 

or 0.05% for antisepsis reported that it was well tolerated, with only one suspected mild local 

allergic reaction noted.135  

There have been several reports in the dermatology surgery literature of corneal toxicity 

following the use of skin antisepsis solutions containing chlorhexidine (concentrations 0.5 – 

4%) applied to the face.136-139 However, in all of these cases the solutions contained alcohol 

and detergent, which are known to be harmful to the eyes and were the likely cause of the 

toxicity. Solutions containing alcohol or detergent must not be used near the eye as these are 

harmful.  

It is important to note that the chlorhexidine 0.2% eye drop solution used in the earlier trials 

and in clinical practice only contains water and no excipients.  

CHX is used for treating fungal MK in the UK, EU, US and SSA.6, 20, 127 We use CHX for this 

indication, and have seen responses in eyes deteriorating on NATA. In our experience it is 

usually well-tolerated by patients.  

Management of fungal keratitis in Nepal and associated challenges 

There are very few published reports on management strategies from Nepal. Experience from 

our collaborating institution in south-eastern Nepal (Sagarmatha Choudhary Eye Hospital) is 

that natamycin 5% is used as first-line monotherapy for confirmed cases of fungal keratitis, 

together with prophylactic topical moxifloxacin four times daily and cycloplegia. Similar to what 

is recommended in the TST Protocol,57 patients who fail to respond after 7 days are 

commenced on topical voriconazole 1%. Ulcers that are more than 50% deep may receive 

oral antifungals. TPK is performed for cases of corneal perforation.  

 

Thanks to the generic production of natamycin by several Indian pharmaceutical companies 

coupled with ease of import into Nepal, compared to other LMICs (in particular those in SSA) 

natamycin 5% is relatively easily available and costs approximately 150 Nepali Rupees for a 

bottle (approximately £1.50). Although this sounds reasonable, given the average daily wage 

is only £1.80,140 this can still be unaffordable for many people. There have also been instances 
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where the supply of natamycin from India is halted, due to political tensions between the two 

countries, strikes, or border restrictions resulting from global pandemics.  

 

Conclusions 

Fungal keratitis is challenging to treat. The current first-line treatment for filamentous fungal 

keratitis is with topical natamycin 5% monotherapy, supported by a robust evidence base. 

Additional agents can be used either topically, as targeted injections, or systemically in more 

challenging cases, but evidence for their benefit is less established. There remains a clear 

role for surgical intervention usually in the form of therapeutic penetrating keratoplasty in eyes 

that have perforated; whilst earlier surgical intervention may be helpful but requires further 

research before clear recommendations can be made.  

 

Unfortunately, there remain significant challenges for the management of fungal keratitis, 

largely attributed to the fact that most patients who suffer with this blinding condition are some 

of the poorest in the world, frequently neglected and marginalised. Early anti-fungal treatment 

is hampered by poor access to services and inappropriate treatment with traditional medicine 

and steroids. Compounding this, natamycin is frequently unavailable, or if it is, unaffordable. 

Alternative agents are therefore warranted, with a clear need for well-designed clinical trials 

to provide definitive evidence for their use. 
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Chapter 3: Research Setting 

Visual acuity testing station at Sagarmatha Choudhary Eye Hospital, Nepal  
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Geography of Nepal 

 

 
Figure 13: Political map of Asia, showing location of Nepal relative to neighbouring China and India. Reproduced 

with permission from Nations Online Project.1 
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Figure 14: Political map of Nepal. Reproduced with permission from Nations Online Project.1 

Nepal is a landlocked, trapezoidal-shaped country in South Asia, sandwiched between the 

Tibet Autonomous Region of China to the north, and India to the south, west, and east. It is 

approximately 800km long and 200 km wide, with an area of 147,181km2, lying between 

latitudes 26° and 31°N, and longitudes 80° and 89°E (Figure 13 and Figure 14).2  Although it 

does not share any borders, Nepal is geographically close to Bangladesh (separated by the 

Siliguri Corridor) and Bhutan (separated by the Indian state of Sikkim). Although famed for the 

Himalayas and home to eight of the world’s ten tallest mountains, including Mount Everest, 

Nepal is in fact a geographically diverse country, consisting of three distinct physiographic 

belts known as Himal-Pahad-Terai: the fertile, low-land plains, known locally as the “Terai” at 

less than 250m above sea level situated to the south of the country and bordering India; the 

subalpine forested hills where it rarely snows, the “Pahad”, of less than 4000m above sea 

level, where the capital Kathmandu is located; and the high mountainous, snow-containing 

“Himal” zone above this making up the northern part of the country (Figure 15).3  
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Figure 15: Nepal’s geographic regions. The Terai are the fertile plains located in the south of the country, bordering 

India to the south. The Pahad zone (also known as the Mahabharat, Middle Mountains, or simply “hills” or “hilly” 

area) is located north of the Terai. The Himal or Himalaya Zone is located to the north of the country and borders 

Tibet. Reproduced with permission from Nations Online Project.1 

There are five climatic zones within Nepal that correspond to altitude: 

• Tropical and sub-tropical zones: below 1,200m 

• Temperate zone: 1,200m to 2,400m 

• Cold zone: 2,400m to 3,600m 

• Subarctic zone: 3,600m to 4,400m 

• Arctic zone: above 4,400m 

In addition, there are five seasons: spring, summer, monsoon, autumn, and winter. Most of 

the rainfall occurs during the monsoon season.3 

Demographics of Nepal 

The population of Nepal was reported as 29.19 million in the 2021 census, with a growth rate 

of approximately 0.93% per year.4 The median age in Nepal is 25.3 years (Figure 16), with a 

life expectancy at birth of 72.4 years.2 The majority of Nepali people live in the central Pahad 

zone, whilst the Terai have experienced a significant amount of immigration in recent years, 

both from within Nepal and from neighbouring India.5 It is one of the ten least urbanised 

countries, whilst conversely being one of the ten fastest urbanising countries, with high rates 

of urbanisation occurring in the eastern Terai and Kathmandu Valley.5  
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Figure 16: Population pyramid of Nepal, 2021. U.S. Census Bureau International Database. Available from The 

World Factbook 2021. Washington, DC: Central Intelligence Agency, 2021.2 

Nepal’s economy is heavily dependent on agriculture, with 76% of the workforce employed in 

agriculture, but providing 31.7% of the country’s gross domestic product (GDP) (Figure 17).2, 

3 Rice, wheat, fruits and vegetables are the main food crops, with the fertile lowland Terai 

region producing a surplus of food that is sold elsewhere in the country (Figure 17F).  Only 

20% of the total area of Nepal can be cultivated, most of this is found within the Terai.3 Nepal 

is a lower-middle income economy, with 25.2% living below the poverty line of US$1.90 per 

day.2 Nepal ranks 186th in the world (out of 229 states) in terms of real GDP per capita 

($1,380).2  

  



Jeremy Hoffman PhD Thesis 2023 122 

 

A 

B 



Jeremy Hoffman PhD Thesis 2023 123 

 

C 



Jeremy Hoffman PhD Thesis 2023 124 

 

D 



Jeremy Hoffman PhD Thesis 2023 125 

 

 

E 

F 



Jeremy Hoffman PhD Thesis 2023 126 

 
Figure 17: A: Arable agriculture in the Terai during the harvest season; B: View across the Terai, with Pahad hills 
in the distance; C: Subsistence farming in the Terai in 2018, with a man riding an Ox; D: Subsistence farming on 

the outskirts of Lahan, in the Terai zone; E: Typical rural housing in the Terai; F: Produce grown in the Terai being 

sold elsewhere in Nepal; G: Paddy fields in the Terai following the monsoon rains 
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Madhesh Province (formerly Province No. 2) 

Until the establishment of federalism and the adoption of the new constitution in 2015, Nepal 

was subdivided into fourteen administrative zones. Since 2015, this system was replaced by 

provinces, formed by grouping together existing districts; Nepal is now therefore made up of 

seven provinces (Figure 18).6 

 
Figure 18: Provincial map of Nepal. Reproduced with permission from the Election Commission, Nepal  

Madhesh Province (formerly Province No. 2), in the south-eastern region of Nepal, is the 

smallest province by area (9,661 km2) but the country’s most populous (6.1 million). It is 

located in the flat plains of the Terai, bordered to the north by the Shiwalik Hills and Bagmati 

Province, the east by the Koshi River and Province No. 1, the west by Chitwan National Park 

and Bagmati Province, and to the south by the Indian state of Bihar (Figure 6). It is formed of 

eight districts, from the Saptari District in the east, to Parsa District in the west. Madheshis are 

the largest ethnic group in the province (Figure 19), with the Yadav caste the largest group 

among the Hindu Madhehsis at 14.8% of the population.4 Madheshis share many cultural 

traditions, educational and family ties with people living south of the international border in the 

neighbouring Indian state of Bihar. The literacy rate of this region is 52.3% and most of the 

population are subsistence farmers or agricultural workers.4 
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Figure 19: Three Nepali Madhesi women in Lahan, Terai zone, during the celebration of a Hindu festival. 

Nepali Health System  

Nepal has a mixed health service delivery system that includes the public sector, non-

governmental organisations (NGOs), and private-for-profit sector. The public sector, governed 

by the Ministry of Health (MOH), predominantly serves the rural poor, whilst private providers 

tend to cater for the urban populations.7 

 

The MOH develops and standardises health policy at the central level. Public health services 

are then delivered at the five lower levels, from the regional to the community (Figure 20).7 

The community level includes the two political levels (administrative district, of which there are 

75, and electoral constituency), the village development committee (VDC) and the ward. 

Services at the VDC are delivered through health posts (HPs) or primary health clinics (PHC), 

which are staffed by auxiliary health workers (AHWs) and auxiliary nurse midwifes (ANMs), 

paid health workers who are employed by the MOH. These cadres will have received between 

one year and 18 months of training, with no provision for ophthalmic training. At the ward level, 

services are provided in the community by female community health volunteers (FCHVs). 

Each level of the public health system is linked by a formal, coordinated referral system.8 
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Figure 20: Structure of the Nepali Health System. VDC, village development committee; AHW, auxiliary health 

worker; ANM, auxiliary nurse midwives; PHC/ORC, primary health care outreach centre; EPI, expanded 

programme of immunisation; FCHVs, female community health volunteers. Adapted with permission from 

Merchant HF, Devlin K, Egan KF Nepal’s Community-based Health System Model: Structure, Strategies, and 

Learning. Advancing Partners & Communities: Arlington, VA; 2016.7 

 

In addition to the public health system described above, patients seek primary health care 

from many, often unregulated, private providers including pharmacies and traditional healers. 

 

Eye Care in Nepal 

Nepal has a well-established, integrated eye care system. Despite being one of the poorest 

countries globally, Nepal has developed a well-functioning model with an impressive track 

record. Following the first national blindness prevalence survey in 1981 and the subsequent 

expansion of eye care services, the prevalence of blindness in the country has significantly 

decreased.9, 10 This is largely thanks to the establishment of Nepal Netra Jyoti Sangh (NNJS, 

the National Society for Comprehensive Eye Care) in 1978, at which point there were only 



Jeremy Hoffman PhD Thesis 2023 130 

three ophthalmologists working outside of Kathmandu.9, 10 NNJS is supported by the 

Government of Nepal with the remit of providing ophthalmic services across the country. 

Currently 90% of all eye services in Nepal are delivered through NNJS-affiliated NGO 

providers, with most eye hospitals located within the Terai. There are now 254 

ophthalmologists throughout the country, working at 35 secondary or tertiary eye hospitals, 

and supported by 96 community eye care centres (ECCs), available across 11 of the 14 

Administrative Zones.11, 12 This equates to approximately 8.4 ophthalmologists per million 

population. The ECCs are usually affiliated to an eye hospital and exist as satellite clinics that 

can diagnose, manage and refer eye conditions as appropriate. They are staffed by 

ophthalmic assistants, optometrists and eye health workers. There is approximately one ECC 

per district. There is currently no provision for eye care at the electoral constituency, VDC, or 

ward level, meaning that access to primary eye care is limited.13 

 

Eye care in Madhesh Province 

Eye care in Madhesh Province is managed by the NNJS-affiliated Eastern Region Eye Care 

Programme (ERECP), which includes one tertiary eye care hospital (Sagarmatha Choudhary 

Eye Hospital, SCEH) and 10 ECCs (Figure 21 and Figure 22). Founded in 1983 as a not-for-

profit organisation, SCEH is one of the busiest eye hospitals in the country. SCEH is located 

in the Terai town of Lahan in the Siraha District of Madhesh Province (formerly the 

Sagarmatha Zone) on the East-West Highway, approximately 18km from the Indian border. 

As a result, between 30-50% patient of patients are Indian nationals.14  
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Figure 21: Signage at the entrance to SCEH indicating the locations of satellite eye care centres (ECCs). 



Jeremy Hoffman PhD Thesis 2023 132 

 

Figure 22: Staff members stand outside the entrance to an ECC in Madhesh Province 

Outside the NNJS programme, other than a few private providers in the main cities including 

Janakpur, there are no other formal ophthalmic services. Many patients with eye conditions 

initially seek treatment from local pharmacists, traditional healers, PHCs, and HPs. 

Interestingly, 69% of patients attending SCEH with microbial keratitis initially visited a primary 

care level worker (including traditional healers and pharmacies) first, whilst only 14% had 

attended a secondary care provider such as an optometrist initially.15 
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Epidemiology of eye disease in Nepal 

Conducted between 1979-1980, the first national blindness survey in Nepal found the 

prevalence of blindness (BSCVA <3/60) to be 0.84%, with cataract the leading cause (66.7%), 

followed by the complications of cataract surgery (5.3%).9 The situation was reassessed 

between 2006 and 2010, with the prevalence of blindness (presenting visual acuity (PVA) 

<3/60) having reduced to 0.35%, with visual impairment (PVA <6/18 to ≥3/60) found to be 

6.97%.10 The leading cause of blindness remained cataract (65%), followed by retinal (9%) 

and corneal (6%) pathology. 

 

Epidemiology of eye disease in Madhesh Province 

The most recent survey of blindness to be conducted was the 2020 Rapid Assessment of 

Avoidable Blindness (RAAB), which was the first to occur following federalism and therefore 

the first to analyse blindness at the provincial level.16 The results of this survey are yet to be 

published. Prior to this, the most recently published survey of blindness that included the 

districts surrounding SCEH was conducted in 2009, reporting on results from the Sagarmatha 

Zone. This found that 1.3% of the population were blind (PVA < 3/60) (Table 3), with the 

leading causes of blindness being cataract (66.7%), retinal disease (10.3%) and non-

trachomatous corneal opacity (5.1%).17  

As discussed in detail in Chapter 1, Nepal has some of the world’s highest incidence of fungal 

keratitis, particularly in the Terai zone, with studies reporting between 61% and 70% of all 

microbial keratitis cases being fungal in aetiology.18-20 Although these studies are from the 

neighbouring Province No.1, the geography and ethno-demographics of these locations is 

very similar to Madhesh Province. A retrospective audit from SCEH evaluating five years of 

microbial keratitis patient presentations found that fungal keratitis was responsible for 78.1% 

of cases.15 Over these five years, there were on average 1874 cases per year of microbial 

keratitis, equating to over 150 cases per month. Assuming three quarters are fungal, then 

approximately 112 cases of fungal keratitis are seen at SCEH per month. This makes SCEH 

an ideal location to conduct research into FK. 

Table 3: Blindness and visual impairment in Sagarmatha zone reported in the 2009 RAAB 17 

Vision category WHO Definition* Prevalence age 50+ (% (95% CI))  

Moderate visual impairment  <6/18 to 6/60  10.3 (8.4-12.3)  

Severe visual impairment  <6/60 to 3/60  2.5 (1.8 – 3.3)  

Blind <3/60  1.3 (0.7-1.8)  

* Presenting visual acuity 
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Fungal keratitis in Nepal 

Although FK is of global concern, as discussed above it is a disease that predominantly affects 

LMICs in tropical and subtropical latitudes. Nepal is a country with one of the highest rates of 

fungal keratitis globally, with FK accounting for between 61-70% of microbial keratitis cases 

in the lowland plains region.18-20 Interestingly, there is variation within the country in terms of 

prevalence of FK; bacterial keratitis is more common in urban locations or those at higher 

altitude, such as Kathmandu, where FK only accounts for 25% of cases.21  

 

This has several implications for research. Firstly, given the high prevalence of fungal keratitis, 

it is a perfect setting to undertake studies investigating management options for fungal 

keratitis, such as clinical trials into the treatment. Secondly, research that leads to a better 

understanding of the barriers to accessing appropriate care within the country has the potential 

to lead to an improved health system and ultimately better outcomes for patients. Thirdly, it is 

a setting that shares many similarities with other countries where there is a high burden of FK, 

allowing results of research to be generalisable. 

 

Research Partners 

Sagarmatha Choudhary Eye Hospital 

The mission for SCEH is to provide “high quality, high volume, affordable, and comprehensive 

eye care services” (Figure 23). Since it was founded in 1983 with only 12 beds, SCEH has 

grown considerably and has now treated over 11 million patients, with over 1.9 million surgical 

procedures performed (Figure 24). In 2021, despite some ongoing restrictions due to the 

COVID-19 pandemic, 889,335 patients were examined, with 102,186 surgeries performed 

(73,591 cataract operations including 44,216 small incision cataract surgery). In the same 

period, 133 penetrating keratoplasties and 105 amniotic membrane grafts were performed. 

Currently SCEH and its satellite clinics employ 466 members of staff including 16 

ophthalmologists, one microbiologist, 37 ophthalmic assistants, 17 optometrists, and 48 eye 

health workers. Subspecialties covered include cornea, retina (medical and surgical), 

paediatrics, oculoplastics, and glaucoma.14  
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Figure 23: Entrance to Sagarmatha Choudhary Eye Hospital, Lahan 
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Figure 24: Patients queue for outpatients at Sagarmatha Choudhary Eye Hospital, Lahan 

In 2018, a collaboration agreement was setup between SCEH, NNJS and the London School 

of Hygiene & Tropical Medicine. As part of this collaboration, a dedicated research team was 

recruited, equipment procured, and a dedicated microbiology laboratory created at SCEH, 

Lahan (Figure 25Figure 29). The microbiology laboratory at SCEH will perform smear 

microscopy, culture, and sensitivities. 

 
Figure 25: The research team at SCEH, Lahan 
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Figure 26: A blessing took place after the delivery of the Corneal Research Project vehicle 

 

 
Figure 27: Unloading of laboratory equipment for the new microbiology laboratory at SCEH 
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Figure 28: In vivo confocal microscopy in use at SCEH 

 

 

 
Figure 29: A new microbiology laboratory was constructed at SCEH. This photograph was taken prior to the 

installation of the new equipment. 
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Chapter 4: Overview of Study Design 

 

 
The Corneal Ward at Sagarmatha Choudhary Eye Hospital, Lahan, where enrolled patients were admitted  
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Rationale for the study 

In view of the limited efficacy and availability of eye drops to treat fungal keratitis (FK) there is 

a clear need for additional alternative treatments. The pilot trial data suggests that 

chlorhexidine (CHX) 0.2% has a similar effect to natamycin (NATA) and may even be 

superior.1-3 However, the combined size of the two pilot trials comparing chlorhexidine and 

natamycin is not sufficient to reach firm conclusions; presently according to this meta-analysis 

there is clinical equipoise in terms of which treatment is best for treating fungal keratitis.  

 

Chlorhexidine is cheap, stable and easily prepared by aqueous dilution. If chlorhexidine is 

found to be non-inferior (or even superior) to natamycin this offers the potential of an effective, 

affordable and accessible treatment for fungal keratitis, which could benefit millions of people 

each year who currently have no treatment options. This work is a response to this expressed 

need from both clinicians and patients for a readily available and affordable medication for 

fungal infection.  

 

In order to answer the question of whether CHX is effective at treating FK definitively, full-

scale trials of chlorhexidine 0.2% are warranted in regions with high burden of fungal keratitis, 

to provide the evidence for its use. Nepal, with a high burden of fungal keratitis, is one such 

region. There are various potential primary outcome measures that can be considered when 

designing a trial investigating corneal infection, including vision (typically best spectacle 

corrected visual acuity, BSCVA), healing time, proportion of cases healed by at a certain 

interval (and conversely proportion of patients perforating or requiring penetrating 

keratoplasty), and microbiological parameters such as proportion of cases remaining culture 

positive at day 7. As previous landmark corneal infection trials have used BSCVA as the 

primary outcome measure,4-6 to aid comparison we would do the same. Three months is the 

time at which clinical experience suggests most corneal ulcers have usually healed. BSCVA 

is chosen as it is easy to measure and is of functional significance. The non-inferiority design 

of clinical trials is a clinically pragmatic way to compare two treatments that have additional 

benefits other than the primary effect of treatment, such as reduced cost or better tolerability. 

Therefore, to address this important question of whether CHX is a potentially useful weapon 

in the armoury against fungal keratitis, we chose to conduct a non-inferiority randomised 

controlled trial, with the primary outcome as BSCVA at three months. If CHX is found to be 

within the pre-specified non-inferiority margin of 0.15 logMAR (about 1.5 Snellen lines) then 

CHX may prove to be a sustainable solution for the treatment aspect of the complex problem 

of fungal keratitis.  
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Given this, the main purpose and focus of this PhD and associated research programme was 

to conduct a randomised, non-inferiority clinical trial comparing chlorhexidine 0.2% to 

natamycin 5% for the treatment of fungal keratitis in Nepal. The hypothesis we would be 

testing is that chlorhexidine 0.2% is non-inferior to natamycin for the treatment of fungal 

keratitis in terms of BSCVA at three months. We would also be comparing the two treatments 

in terms of several secondary outcome measures, including healing time, scar size, ulcer 

depth, hypopyon height, and proportion of patients perforating or requiring an emergency 

corneal graft. As discussed in Chapters 1 and 3, the Terai region of Nepal has amongst the 

highest proportion of fungal keratitis cases as a subset of microbial keratitis (MK) globally. 

Sagarmatha Choudhary Eye Hospital (SCEH), in the Terai, reports treating on average over 

100 MK patients per month and has an established model of care,7 making SCEH and ideal 

study site and collaborating partner to conduct this trial. 

In addition to this overall purpose, in order to better understand fungal keratitis in Nepal and 

devise ways to better tackle it, we will be conducting several ancillary studies investigating the 

microbiology, aetiology, epidemiology, and diagnostic strategies of MK in Nepal.  

Our hope is that what is discovered through this research will improve the management, and 

ultimately the outcome, of patients with fungal keratitis in Nepal and across tropical lower- and 

middle-income countries where FK is endemic in the following ways:  

1. If chlorhexidine 0.2% is found to be non-inferior (or indeed superior) to natamycin 5% 

for treating fungal keratitis, then there will be robust evidence for a new treatment 

option that is not only effective but affordable, available, and easy to formulate, 

resulting in improved access to treatment for many people who currently do not have 

access to current first-line agents. 

2. By better understanding what clinical signs are associated with fungal keratitis, 

improved early diagnosis and treatment could lead to better outcomes for patients. 

3. Comparing the different diagnostic tools available (such as microscopy, culture and in 

vivo confocal microscopy, IVCM) can help units to allocate and rationalise resources 

appropriately, to allow for improved, faster diagnosis, and ultimately better clinical 

outcomes for patients. 

4. Knowledge of the barriers to prompt presentation of patients with microbial and fungal 

keratitis in Nepal will assist stakeholders in designing and implementing strategies to 

improve early presentation. 
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5. Establishing the local causative organisms will help direct stakeholders to appropriate 

empirical therapy for the region and improve the understanding of why current 

strategies may be failing. 

Research aims 

The specific research objectives are given in Table 4. 

 

Primary Objective:  

To test the hypothesis that topical chlorhexidine 0.2% is non-inferior to topical natamycin 5% 

for treating fungal keratitis, in terms of visual acuity at three months. 

 

Secondary Objectives:  

1. To determine whether either treatment (chlorhexidine 0.2% or natamycin 5%) is 

superior to the other for treating fungal keratitis, in terms of vision at three months.  

2. To determine whether there is a difference between chlorhexidine 0.2% and natamycin 

5% in terms of secondary clinical outcomes: infiltrate / scar size, time to re-

epithelialisation, re-culture rates at one week.  

3. To determine the different genera and species of microorganism causing bacterial and 

fungal keratitis and to characterise their susceptibility patterns and the relationship to 

clinical outcomes.  

4. To compare alternative methods of detecting fungal organisms in corneal infections 

(including in vivo confocal microscopy, light microscopy, and culture), relative to a 

composite reference standard.  

5. To determine what clinical signs (if any) are associated with fungal keratitis. 

6. To evaluate what factors can contribute to delayed presentation to appropriate care 

and the care-seeking pathway of patients with microbial keratitis. 
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Table 4: Specific research objectives 

Study Specific objectives Study Design 
Topical Chlorhexidine 0.2% 
versus Topical Natamycin 5% 
for the Treatment of Fungal 
Keratitis in Nepal 

1. To design a suitable study to test the 
hypothesis that chlorhexidine 0.2% is non-
inferior to natamycin 5% for the treatment of 
fungal keratitis in Nepal 

2. To determine if topical CHX 0.2% is non-
inferior to topical natamycin 5% for treating 
filamentous FK, in terms of vision at 3 months. 

3. To determine whether either treatment (CHX 
0.2% or natamycin 5%) is superior to the other, 
in terms of vision at 3 months 

4. To determine whether there is a difference 
between CHX 0.2% and natamycin 5% in 
terms of secondary clinical outcomes including 
infiltrate/scar size, time to re-epithelialisation, 
and re-culture rates at 1 week 

Randomised controlled, 
non-inferiority trial 

Microbial Keratitis in Nepal: 
Predicting the Microbial 
Aetiology from Clinical 
Features 

1. To report the aetiology of MK in patients 
presenting to SCEH in Nepal 

2. To assess for an association between clinical 
signs and patient presentation and the 
aetiology of MK  

3. To explore which clinical signs are predictive of 
FK or BK 

4. To formulate a clinical score that can be used 
to make a predictive diagnosis of FK in the 
absence of further investigations 

5. To further distinguish distinct mycological 
groups of FK based on clinical signs 

Cross-sectional study 
nested within a prospective 
cohort study 

Diagnosis of fungal keratitis in 
low-income countries: 
evaluation of smear 
microscopy, culture, and in 
vivo confocal microscopy in 
Nepal 

1. To estimate the sensitivity in detecting fungal 
keratitis using in vivo confocal microscopy, 
smear microscopy, and culture in a setting with 
a high prevalence of FK. 

2. To estimate the sensitivity of different smear 
microscopy stains in detecting fungal keratitis 
in a setting with a high prevalence of FK 

Cross-sectional study 
nested within a prospective 
cohort study 

Delay in accessing definitive 
care for patients with 
microbial keratitis in Nepal 

1. To describe the presentation journey of 
patients with MK to SCEH in south-eastern 
Nepal and their demographics 

2. To investigate factors associated with direct 
presentation.  

3. To investigate factors associated with delayed 
presentation 

4. To calculate the cost of care for patients and 
analyse for an association with number of visits  

Prospective cohort study 
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Methods overview 

The overall design of this study was a randomised non-inferiority controlled trial of patients 

with fungal keratitis presenting to Sagarmatha Choudhary Eye Hospital in Nepal. We designed 

a two-stage consent process to allow us to enrol non-fungal microbial keratitis patients into 

the research programme, to allow us to capture data on their demographics, clinical features 

and history, treatment pathway, and microbiology. This formed the basis of the prospective 
cohort study, that primarily evaluated the patients’ journey and factors associated with delay. 

Nested within this, we were then able to conduct nested cross-sectional studies, that 

investigated clinical features associated with the microbiological diagnosis and sensitivity of 

the different diagnostic tools. Patients with fungal keratitis who were eligible for the main trial 

would then undergo a second, separate consent. Figure 30 graphically presents how the 

project was conducted. 

 

The design of the clinical trial is presented in detail in Chapter 7. Figure 31 presents an 

overview of the clinical trial. In brief, we tested the hypothesis that g-chlorhexidine 0.2% was 

non-inferior to g-natamycin 5% in a two-arm, single-masked RCT. We used a pre-specified 

non-inferiority margin (Delta) of 0.15 logMAR units. 

 

The sample size was calculated to be 500 participants with fungal keratitis. The presence of 

the infection was confirmed by fungal elements detected on smear microscopy and/or IVCM. 

Participants were randomised 1:1 to either topical chlorhexidine 0.2% or topical natamycin 

5%. The treatment was given hourly for one week, then two-hourly for a further two weeks. 

Ongoing treatment duration was then tailored to clinical response. Follow-up assessments 

were conducted at 2 days, 1 week, 2 weeks, 3 weeks, 2 months and 3 months, to determine 

the outcome. 
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Figure 30: Overview of research project. All patients presenting with acute MK are reviewed and enrolled into 

stage 1, following written, informed consent. This involves history, examination, and investigations (corneal 

scrapes for microbiological assessment and in vivo confocal microscopy (IVCM)). If there is evidence of fungal 
hyphae on smear or confocal microscopy, patients then proceed to stage 2. 
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Figure 31: Overview of the clinical trial. Microbial keratitis is defined as presence of corneal epithelial ulceration 
(>1 mm in diameter), corneal stromal infiltrate and signs of acute inflammation (eg, conjunctival injection, anterior 

chamber inflammatory cells, hypopyon). Fungal elements were detected by smear microscopy and/or confocal 

microscopy. Those eligible were randomised 1:1 to CHX or natamycin (n=500). BSCVA, best spectacle corrected 
visual acuity; CHX, chlorhexidine; TPK, therapeutic penetrating keratoplasty. 
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Chapter 5: Microbial keratitis in Nepal: Predicting the Microbial 

Aetiology from Clinical Features 

 
Clinical examination of a study participant during the early stages of the COVID-19 pandemic in Nepal 
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Chapter 9: Delay in accessing definitive care for patients with 

microbial keratitis in Nepal 

 
A Nepali lady carries some of her day’s harvest home in the Terai, Nepal  
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Chapter 10: Further Discussion 

 

 
Public education poster at entrance to Sagarmatha Choudhary Eye Hospital depicting the common causes of 

ocular trauma and urgent management. Corneal trauma is a significant risk factor for developing fungal keratitis  
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Overview 

This research project has made a significant contribution to the evidence base on the 

management of fungal keratitis, by definitively answering the question as to whether 

chlorhexidine 0.2% is non-inferior to natamycin 5% in terms of vision at three months: 

natamycin 5% remains the gold standard, first-line treatment. Furthermore, the ancillary 

studies have helped to increase the understanding of reasons for delayed presentation, what 

diagnostic tests are most appropriate in countries such as Nepal, and what clinical signs are 

predictive of fungal keratitis in this setting. Taken together, these studies should help both 

clinicians and policymakers develop strategies to improve the management of fungal keratitis, 

and ultimately improve the outcome for patients. This chapter summarises the key findings 

from each of the different studies and explores how the results of each study can be utilised 

to affect policy and practice change in the management of fungal and microbial keratitis in 

Nepal, and across lower- and middle-income countries. 

 

Topical Chlorhexidine 0.2% versus Topical Natamycin 5% for the Treatment of Fungal 

Keratitis in Nepal 

We designed a non-inferiority randomised controlled trial to test the hypothesis that 

chlorhexidine 0.2% was non-inferior to natamycin 5% for the treatment of filamentous fungal 

keratitis (FK).1 In this trial, we recruited 354 patients with FK, of which 178 were randomly 

assigned to chlorhexidine and 176 to natamycin, with primary outcome data available for 153 

and 151 of the chlorhexidine and natamycin groups, respectively. Our original sample size 

had been calculated to be 500 patients (250 in each arm);1 however, the trial was halted early 

on the recommendation of the Data Safety Monitoring Board, as there were significantly more 

perforations in the chlorhexidine arm, compared to the natamycin arm (13.7% compared to 

5.8%, P=0.018).2 The results did not support our hypothesis: there was strong evidence that 

natamycin-treated patients had significantly better 3-month best spectacle corrected visual 

acuity (BSCVA) than chlorhexidine treated patients. Patients treated with natamycin were able 

to read approximately 3 lines on the logMAR chart (0.30 logMAR, 95% confidence interval 

0.18-0.42, P<0.001) compared to chlorhexidine-treated participants, significantly outside our 

non-inferiority margin of 1.5 lines. 

 

These findings were disappointing. Had chlorhexidine 0.2% been found non-inferior (or even 

superior) to natamycin 5%, then we would have had clear, robust evidence to recommend the 

use of chlorhexidine 0.2% as first-line treatment for fungal keratitis, particularly in locations 

were natamycin is frequently unavailable. However, it is important not to dismiss chlorhexidine 

outright in light of our findings and consider the current global context. I would argue that there 
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is still a role for chlorhexidine in certain situations as I will discuss below, as well as 

opportunities for further research into using chlorhexidine in FK. I will also explore potential 

reasons for it not performing as well as natamycin in terms of vision and perforation rate. 

 

There is little published data on the natural course of fungal keratitis without treatment; it is 

necessary to review the literature for case reports of fungal keratitis prior to antifungal therapy. 

It is fascinating to note that prior to the 1960s, fungal keratitis was considered a very rare 

disease. A case series of fungal keratitis from 1956 highlights this point eloquently in its 

introduction: 

 

“From the time of Theodore Leber's first report of aspergillosis of the cornea,3 in 1879, mycotic 

keratitis has been the subject of an occasional case report, averaging little more than one 

case per year in the ophthalmic literature in the subsequent three-quarters of a century.”4 

 

The authors of this paper report three cases of FK, all of which progressed to deep infection 

and/or perforation, requiring eye removal. They postulated that this increase in cases could 

be due to the increased use of corticosteroids and antibiotics.4 There then followed a 

significant increase in reports in the literature of FK, at a time when there were no effective 

antifungals.5, 6 All of these with culture-proven fungal keratitis required surgical removal of the 

eye. In an animal model, Aspergillus was inoculated onto a rabbit’s cornea leading 

perforation.3 Given these reports, one can conclude that without treatment, FK often, if not 

invariably, progresses to severe infection, perforation, and ultimately loss of the eye. 

 

In our trial, the majority of chlorhexidine-treated patients healed (151/175, 86.3%), although 

this was less than natamycin-treated cases (163/173, 94.2%; P = 0.018). Given the 

assumption that untreated fungal keratitis leads to adverse outcomes (including perforation 

and need for eye removal), and that the first aim of treatment in managing fungal keratitis is 

to preserve the eye, chlorhexidine should be considered as a therapeutic option if natamycin 

is unavailable or prohibitively expensive. 

 

This argument is further supported when one considers the perforation and/or therapeutic 

penetrating keratoplasty (TPK) rate of patients treated with chlorhexidine in our trial and 

contrasts this to similar studies. Previous studies have demonstrated perforation or rates of 

between 11.1-43.8%, despite treatment.7-11 In our trial, participants fared considerably better: 

5.8% and 13.7% in the natamycin and chlorhexidine arms, respectively. In MUTT1, perforation 

and TPK rates for natamycin and voriconazole were 11.1% and 21.1%, respectively.9 Overall, 
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patients in our study did considerably better than anticipated, particularly those in the 

natamycin arm. 

   

Despite the considerable evidence for the superiority of natamycin over voriconazole following 

MUTT1 and subsequent meta-analyses,9, 12, 13 voriconazole is still often used as a first-line or 

adjunctive agent in many countries.11, 14 Although we did not directly compare chlorhexidine 

to voriconazole, chlorhexidine-treated patients in our trial had a 0.03 logMAR worsening in 

their 90-day BSCVA from baseline,2 whilst patients treated with voriconazole in MUTT1 had a 

mean improvement of 0.07 logMAR from baseline.9 This suggests that treatment with 

chlorhexidine may yield similar results to treatment with voriconazole. 

 

Our trial found that there was no evidence of a difference in re-culture positivity between arms 

at day 7.2 This supports findings from previous in vitro work that found chlorhexidine to be an 

effective fungicidal agent.15, 16 This finding suggests that chlorhexidine is as effective as 

natamycin in the initial “sterilisation” phase of treatment, and that the difference in the two 

treatment arms in terms of adverse outcomes (perforation or dense scar formation leading to 

poor vision) is more likely attributable to delayed healing or immune-mediated tissue 

destruction rather than related to resistance of the micro-organisms. The difference in vision 

at 90-days between arms is due to higher rates of larger scars, corneal oedema, and persistent 

epithelial defects in the chlorhexidine group compared to the natamycin group. This may 

indicate that whilst chlorhexidine was effective at killing the fungi, it was also damaging the 

host corneal tissue. The dosing regimen we followed was based on the standard of care for 

managing fungal keratitis and previous trials,9, 11 whilst the chosen concentration of 

chlorhexidine 0.2% as opposed to weaker formulations was due to earlier pilot study results.17 

In practice, this concentration and frequency may have been too prolonged, resulting in toxicity 

to the corneal epithelium and keratocytes.18 Adding weight to this theory is that we found no 

evidence of a difference between chlorhexidine- and natamycin-treated patients for those with 

mild baseline disease (and no cases of poor visual outcome in either arm for these mild cases). 

Dosing frequency was typically rapidly reduced in these cases, and rarely continued for more 

than one month. Large, deep ulcers, may have been “over-treated” with chlorhexidine, with 

the potentially misguided belief that they required prolonged, intensive therapy, that actually 

led to corneal toxicity and worse outcomes. Further research is necessary to evaluate if lower 

concentrations of chlorhexidine, or less frequent dosing, remains effective whilst less toxic to 

the cornea, ultimately leading to better clinical outcomes. 

 

We chose a pragmatic primary outcome measure: BSCVA at 90 days. This has been the 

primary outcome of several other trials and facilitates comparison. Three months is the time 
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at which clinical experience suggests most corneal ulcers have usually healed, whilst BSCVA 

is easy to measure and is of functional significance. The two earlier trials comparing 

chlorhexidine to natamycin used a favourable clinical response at day 5 or “curing” at day 21, 

and did not look at longer-term outcomes.17, 19 In our trial, we found no evidence of a difference 

between the two groups for visual acuity at 21 days (highlighting the importance of prolonged 

follow-up for comparison), whilst re-epithelialisation and infiltrate size was consistently slower 

and larger in the chlorhexidine group at each follow-up, respectively. These findings could be 

explained due to corneal toxicity. Corneal scarring can diminish with time with previous work 

in bacterial keratitis showing ongoing improvement up to 12 months from starting treatment;20 

it would be interesting to compare the two treatment arms in terms of vision at 12 months or 

beyond. Should chlorhexidine be within the non-inferiority margin at this time, there would be 

clearer evidence to recommend the use of chlorhexidine. 

 

As mentioned above, regardless of treatment arm, patients performed considerably better 

than expected, with natamycin-treated patients performing particularly well. Chlorhexidine 

essentially did as well as we had expected, but natamycin significantly outperformed our 

expectations that were largely based on the observed outcomes in MUTT1.9 There are several 

possible reasons for this. Firstly, we excluded all patients attending who had used antifungals 

prior to attendance, whilst MUTT1 did not, with 46% of patients using a topical antifungal 

before enrolment. These patients may have already been not-responding to treatment, 

potentially introducing a degree of bias to MUTT1. Secondly, patients in MUTT1 continued on 

their allocated treatment regardless of response to therapy, compared to our trial where we 

had a protocol for patients not responding to treatment (Appendix 9), largely based on the TST 

Protocol.11 This strategy appeared to have been successful, and supports the use of a similar 

treatment approach should patients not respond as anticipated. Thirdly, we only excluded 

patients with no light perception vision in the affected eye, compared to MUTT1, which only 

recruited patients with a vision between 0.3 and 1.3 logMAR. Patients with mild disease with 

good baseline vision performed well regardless of treatment allocation; MUTT1 did not include 

such patients. Conversely, we also enrolled severe ulcers which were likely to do badly 

regardless of treatment allocation, which MUTT1 did not include.  

 

Natamycin is superior to chlorhexidine for the treatment of filamentous FK and remains the 

first-line treatment. Whilst every effort should be made to ensure that natamycin is widely 

available and affordable to those most in need, in the meantime chlorhexidine can be 

considered an alternative, “better than nothing” agent. Treatment algorithms that recommend 

differing strategies (topical, systemic or targeted therapy) depending on the size and depth of 

the corneal ulcer at baseline, and how it responds to initial therapy, may result in improved 
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outcomes and may explain our relatively low “failure” rate overall. Natamycin should be the 

first-line agent in such a protocol, with chlorhexidine substituted should natamycin not be 

available (Figure 32). Chlorhexidine may have a role as an adjunctive agent to natamycin, 

with work currently under way in East Africa to investigate this.21 

 
Figure 32: Suggested treatment protocol for filamentous fungal keratitis. * Topical Natamycin 5% is first-line but 
chlorhexidine 0.2% can be given if natamycin is unavailable. **Targeted injection refers to either intrastromal / 

intracameral voriconazole / amphotericin B. *** Perforation includes descemetocele, impending, and frank corneal 

perforations. Adapted from the TST Protocol.11    
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Microbial Keratitis in Nepal: Predicting the Microbial Aetiology from Clinical Features 

As part of the two-stage consent process described in detail in Chapters 4 and 7,1 we were 

able to conduct this nested cross-sectional study of all eligible, consecutive microbial keratitis 

(MK) patients presenting between June 2019 and November 2020 to Sagarmatha Choudhary 

Eye Hospital (SCEH). The aim of this study was to investigate the clinical and epidemiological 

features that can predict the microbial aetiology of MK in Nepal and to develop a clinical 

scoring tool that can help to make a predictive diagnosis of either bacterial or fungal keratitis 

in the absence of further investigations. We also presented the microbiological aetiology of 

MK in our cohort of patients. 

 

There were several key findings from this study: 

 

- Fungal keratitis is the main cause of MK in this location, with some of the highest 
reported figures in the literature 
Fungal organisms were found to be implicated in up to 82.9% of MK presenting to 

SCEH (including polymicrobial bacterial-fungal infections). To the best of our 

knowledge this is the highest reported proportion of MK to date, surpassing 81.5% of 

MK cases reported in Sri Lanka,22 and previous work from Nepal, including 70% from 

nearby Biratnagar.23 

- Curvularia spp. was the most frequently isolated fungal genus 
Curvularia spp. accounted for 42.8% of all fungal organisms. To the best of our 

knowledge this is the first study to report Curvularia spp. as the leading aetiological 

organism. Although dematiaceous fungi have been implicated in FK previously, 

typically Fusarium spp. is the most commonly isolated organism in similar climatic 

regions (for example in South India). Given both Fusarium and dematiaceous fungi are 

plant pathogens found in the soil in tropical and sub-tropical regions and therefore both 

usually associated with organic trauma, the reason behind the relatively higher 

proportion of dematiaceous fungi in this cohort is unclear. Further work is warranted to 

explore this further. 

- The proportion of patients with no microbiological diagnosis was low 
In this study, there was no microbiological diagnosis (by culture or smear microscopy) 

in 17.3% (111/642) of cases. In vivo confocal microscopy assisted in diagnosing some 

of these “negative” cases by unequivocally detecting fungal hyphae, reducing the 

proportion of unknown organism to 77/642 (12%) of cases. This is low compared to 

other studies. In the recent review by Brown et al., the mean proportion of culture 

negative MK was found to be 40.8%, ranging from 5% to 74.4%.24 Prior to our 
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collaboration with SCEH and our research project, there was no microbiology 

laboratory in this region. As part of our collaboration and capacity building, we recruited 

a microbiologist and installed a purpose-designed microbiology laboratory.  The low 

culture negative rates reported by this study highlights that this setup is functioning 

well and can serve as a model to other tertiary units in the area looking at developing 

these facilities. 

- A relatively low proportion of patients reported a definite history of preceding 
trauma 
In this study, only 33% of fungal keratitis gave a preceding history of trauma. This is 

considerably less than expected based on previous studies from a similar location in 

Nepal.25 Fungal infection can only develop in the absence of an intact corneal 

epithelium, meaning that trauma, pre-existing ocular surface disease, contact lens use, 

or recent ocular surgery are the main risk factors. Given that there were no cases of 

contact lens wear or recent surgery in our cohort of patients, trauma and ocular surface 

disease (OSD) are likely to be the main contributing factors. There may have been an 

element of recall bias when collecting the clinical history, with minor trauma not being 

recalled, particularly for patients presenting late. Minor abrasions, potentially caused 

by dust of chaff, may not have been significant enough for most patients to recall. 

Regarding pre-existing OSD, there were no patients in our cohort with previously 

diagnosed ocular surface disease. Although we did examine the fellow eye at 

enrolment, fluorescein was not used, meaning we are unable to comment accurately 

on whether there was pre-existing undiagnosed OSD. As a result, we did not report 

OSD prevalence in this study. Although infrequently reported from LMICs,7 OSD has 

been implicated in several studies for south Asia, where it has been reported to occur 

in between 1.5 and 19% of cases.26, 27 The only previous study from Nepal identified 

OSD in 6% of cases.25 Further work is required to identify the proportion of OSD in this 

or similar cohorts of patients. 

- Incidence was highest during the harvesting months, and not during the 
monsoon rains 
The finding that there were more cases of MK (and in particular FK) presenting during 

the dry, harvesting months (October-January) supports the theory that direct trauma 

(during harvesting) is a key preceding factor. During this time, other activities such as 

winnowing and threshing take place, increasing occupational exposure to dust and 

fungal spores. Interestingly, there did not appear to be any correlation with rainfall. As 

the majority of our cases were found to be dematiaceous fungi, the relationship with 

climate and rainfall is likely to differ to other organisms. A study from North India with 

a similar climate reports a similar trend to ours for dematiaceous fungi.28 Further work 
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is required to explore the relationship between different fungal organisms, climate, and 

fungal keratitis, particularly given a changing global climate.  

  

- Presence of a serrated or irregular margin is the most useful clinical sign in 
differentiating FK from BK 
We found that the presence of a serrated margin, raised slough, patent nasolacrimal 

ducts, and a history of organic trauma were independently associated with fungal 

keratitis. Serrated margins are a particularly useful clinical sign, as in this study this 

was the only clinical sign where both the presence and absence were significantly 

independently associated with fungal or bacterial keratitis, respectively. A previous 

similar study found serrated margins, raised slough, colour other than yellow, and 

absence of fibrin to be discriminatory for fungal keratitis.29  Putting this all together, 

although there are no clear pathognomic signs for FK, the presence of serrated 

margins and raised slough in a patient should be considered highly suggestive of 

fungal keratitis, and in the absence of further investigations empirical antifungal 

treatment should be given. Satellite lesions have previously been considered indicative 

of FK based on limited case reports, but this study, along with other cross-sectional 

studies,29, 30 suggests their presence is not discriminatory. 

- Clinical features associated with dematiaceous fungi include raised slough, 
pigmentation, absence of satellite lesions, and absence of fibrin. 
Although all pigmented corneal ulcers are likely to be caused by dematiaceous fungi, 

as was the case in our study, we found only 16% of dematiaceous cases were clinically 

pigmented on presentation. This is similar to work from India and Thailand.28, 31 In 

addition to pigmentation and raised slough, which have previously been shown to be 

predictive of dematiaceous fungal infection,32 we also found absence of satellite 

lesions and/or absence of fibrin to be independently associated with dematiaceous 

fungal infection. Due to the small sample size, we did not find any clinical features 

associated with either Aspergillus or Fusarium keratitis.  

 

At present, the typical management for fungal keratitis is with natamycin 5% given empirically. 

However, different fungal organisms respond to treatment to differing degrees. For example, 

Aspergillus responds more favourably to voriconazole compared to Fusarium.9 Fungal 

cultures are often unavailable in LMICs, and when they are available usually require 

incubation for several days. The ability to predict the causative fungal organism based on 

clinical signs, may help the clinician provide more tailored anti-fungal therapy from the outset 

and ultimately improve outcomes. Although there is currently no evidence for a preferred 

treatment regime for dematiaceous fungal keratitis, should this become clear, management 
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recommendations could potentially be made based on initial clinical signs, whilst culture 

results are awaited. 

 

This study was conducted at a tertiary eye hospital, with 72% of patients having used topical 

antibiotics prior to attendance. The results should therefore be interpreted with a degree of 

caution, as the microbiological profile presented may not truly represent the responsible 

organisms at the community level, with bacterial keratitis cases being under-represented. We 

conducted this study at a tertiary centre as this was logistically much easier. Indeed, the 

majority of all studies reporting the microbial aetiology in LMICs have been conducted in 

secondary- or tertiary-level care settings,7 making comparison with ours possible. However, 

further work at the primary-care level to deepen our understanding of the microbiological 

profile of MK, and how primary and secondary prevention measures can influence this, is 

required. 

 

Burton and Leck created an algorithm to calculate the probability of fungal keratitis from clinical 

signs,33 based on an earlier cross-sectional study.29 This is a useful tool for a clinician without 

access to microbiology facilities to assist with clinical decision making. An updated version of 

this algorithm, based on the results from this study, is presented in Figure 33. We have 

removed vegetative trauma as an option, as although it was independently associated with 

fungal infection, when included in the algorithm it did not change the probabilities much and 

is subject to recall bias. Using this tool, the probability (in our population) of fungal infection in 

a MK patient with serrated margins, raised slough, and patent nasolacrimal ducts is 69.7%, 

compared to 10.8% in a patient with defined margins, flat profile, and nasolacrimal duct 

obstruction. We will be circulating a version of this algorithm in Nepali to the SCEH satellite 

clinics to assist the ophthalmic assistants with diagnosing and appropriately referring microbial 

keratitis.  

 

Whilst this study provided some novel and clinically useful findings, one needs to build on this 

work to take it forward. For example, one of the limitations from the present study was we did 

not independently test the clinical scoring tool on a different cohort of patients. It would be 

useful to use our tool, and the algorithm presented in Figure 2, in a novel cohort of patients 

and see how accurate it fares. A deeper understanding of what organisms are being 

encountered further upstream is also warranted. A detailed discussion of future work is given 

in Chapter 11, including how unsupervised machine learning (“artificial intelligence”) could be 

used in predicting the microbiological aetiology from clinical features. 
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Figure 33: Algorithm for determining the probability of fungal keratitis. The black diamonds are decision points for 

the four clinical features: ulcer/ infiltrate margin, surface profile, history of vegetative trauma, presence of 
nasolacrimal duct obstruction (NLDO). NLDO, nasolacrimal duct obstruction; Y, Yes; N, No. 
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Diagnosis of fungal keratitis in low-income countries: evaluation of smear microscopy, 

culture, and in vivo confocal microscopy in Nepal 

In this cross-sectional study nested within a prospective cohort study of 642 patients with 

microbial keratitis, we collected data including the patients’ microbiological diagnosis and the 

results from smear microscopy (KOH, Gram Stain and/or calcofluor white), in vivo confocal 

microscopy, and culture. We then analysed this data to calculate the sensitivity of each 

investigation compared to a composite reference. We found that smear microscopy (sensitivity 

90.7% [95% CI 87.9-93.1%]) and in vivo confocal microscopy (89.8% [95% CI 86.9-92.3%]) 

were the most sensitive tools for diagnosing fungal keratitis in our cohort, with KOH having 

the highest sensitivity of all the microbiological staining techniques (85.3% [95% CI 81.9-

88.4%]). Placing the results of this study into the wider context, we recommend clinicians 

working in low-resource settings with a high burden of fungal keratitis perform corneal scrapes 

for microscopy using KOH and Gram staining as a minimum, with culture remaining a useful 

tool to diagnose bacterial infection.  

 

In tropical and sub-tropical LMICs such as Nepal, where the burden of FK is the greatest, 

access to microbiological diagnosis beyond microscopy is very limited.7, 24 Culture facilities 

typically only exist in secondary- or tertiary-level centres, and even when they are available, 

cost can be a significant barrier to performing them. Talking to colleagues in Nepal, there is a 

reluctance to perform corneal scrapes and send specimens for smear microscopy due to the 

perceived costs involved and limited benefit. This work challenges this preconception, 

providing evidence for the use of smear microscopy (and in particular KOH staining) in 

accurately diagnosing FK in these settings. Whilst we found IVCM to be a very useful and 

accurate tool in diagnosing FK, its high upfront and consumable costs (each patient-visit 

requires a new, sterile, single-use “Tonocap”) make this investigation prohibitively expensive 

to such settings. However, there is certainly a role for it in select tertiary care centres where 

IVCM can play a key role in diagnosing referred “atypical” keratitis, particularly by identifying 

Acanthamoeba infection. 

 

Given these findings, on a health system level my recommendation would be for secondary-

level care settings where microscopy facilities already exist (in LMICs such as Nepal) to train 

their microbiologist or technician to accurately perform and interpret KOH and Gram-stained 

corneal scrapes. If the facility does not have a suitably trained eye care professional to perform 

corneal scrapes, then a partnership could be established with nearby eye care professionals 

who do not have access to microbiology facilities. In conjunction with this, stakeholders would 

need to receive further training and instruction on the usefulness of microbiological diagnosis. 
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Tertiary-level centres such as SCEH should perform culture, and where possible, sensitivity 

testing to further aid in the management of MK. IVCM, and potentially PCR, could be employed 

at a few select centres across the country to aid in diagnosing atypical keratitis. In Nepal, this 

could involve units in Pokhara in the west, Kathmandu in the centre, and Lahan (at SCEH) in 

the east. 

 

On a clinician level, my recommendation is summarised in Figure 34.  In settings where FK 

is endemic, FK should be considered until proven otherwise. Elsewhere, clinical features, as 

discussed above, may suggest fungal infection. If available, take anterior segment 

photographs (a modern smartphone image may be adequate) and perform IVCM. Corneal 

scrapes should then be taken, with a minimum of two microscopy slides (one for Gram staining 

and one for KOH). If culture facilities exist, then further samples should be taken, using a fresh 

needle (or flame-sterilised blade) for each medium and slide.  

 

PCR is a potentially useful tool in diagnosing MK by detecting the presence of fungal DNA, 

including from dead organisms. Whilst early studies have suggested it may be more sensitive 

to culture,34 contaminants can often lead to false positives, whilst a recent “real world” 

evaluation of PCR, IVCM and culture found PCR to be the least accurate.35 PCR for fungal 

detection is not readily available in LMICs at present and previously considered prohibitively 

expensive, although following the COVID-19 pandemic and the rapid expansion of PCR 

facilities worldwide accessibility may increase.36 This study did not assess the accuracy of 

PCR as these facilities were not available at SCEH. Samples for PCR and sequencing were 

taken from each participant that will be analysed in the future at the London School of Hygiene 

& Tropical Medicine. Once optimised primers have been developed, comparison of PCR can 

then be made with microscopy, culture and IVCM, against a new composite referent. Further 

planned molecular work is discussed in more detail in Chapter 11. 

 

As the diagnostic criteria for bacterial keratitis in this study required positive cultures, it was 

not possible to assess the accuracy of culture for bacterial keratitis. Further work is therefore 

required to investigate this, potentially in conjunction with PCR as a composite reference 

standard, similar to recent work from Moorfields Eye Hospital in London.35 

 

Whilst the main results of this study are of particular use in LMICs, they are also of relevance 

to microbiologists and ophthalmologists working in high-income settings. This study highlights 

the value of IVCM in diagnosing FK, as supported by numerous other recent studies.35, 37-39 

Furthermore, typically only Gram stains are performed on corneal scrapes unless additional 

slides are provided and the request form clearly suggests fungal keratitis as a potential 
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differential diagnosis. This should therefore be performed should the history or clinical features 

be suggestive of fungal keratitis. Microbiologists should be aware of the value of KOH in these 

scenarios. 

 

In summary, microscopy – both smear and confocal – were the most sensitive tools in our 

study for detecting fungal keratitis, with KOH-wet mount slides the most sensitive of the 

different staining techniques assessed. Culture remains very valuable in diagnosing bacterial 

keratitis. These results have potential implications for allocating resources to improve the 

diagnosis of FK on a health system level, whilst providing clinicians with evidence for the 

routine use of corneal scrapes coupled with cheap, yet accurate, smear microscopy. 

 
Figure 34: Proposed diagnostic approach for clinicians working in low-resourced settings in tropical and sub-

tropical latitudes where fungal keratitis is more prevalent 
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Delay in accessing definitive care for patients with microbial keratitis in Nepal 

In this cohort study, we collected data prospectively on 643 patients with microbial keratitis, 

including their demographic details, clinical history, and examination findings. Care-seeking 

journey details were captured including places attended, number of journeys, time from 

symptom onset, and costs. We then analysed this data to evaluate delay to presentation and 

reasons for this. 

 

We found that more than three quarters of patients (76.4%) presented to another healthcare 

setting prior to our tertiary centre, with the majority (51.9%) attending a pharmacy, where 

frequently inappropriate initial treatment was given (including topical steroids). Over half (51%) 

of all patients presented after more than seven days from symptom onset. The total cost of 

care significantly increased with increasing numbers of journeys made (p<0.001), whilst we 

found that distance from the eye hospital of more than 50km (aOR 5.76 [95% CI 1.83-18.1, 

p=0.003]), previous treatment with antifungal medication (aOR 4.71 [95% CI 3.14-5.36]), and 

two or more previous journeys (aOR 1.44 [95% CI 1.11-3.26]) were factors independently 

associated with delayed presentation. 

 

Placing the results of this study into the wider social context, we have suggested several 

opportunities to reduce this delay to improve the clinical outcome: appropriate early treatment 

and avoiding harmful treatment at the primary care level, improving access to eye care 

services, improved training in eye health to primary-level healthcare workers, and 

strengthening the referral network. 

 

The results of this study together with these opportunities relate to different points along a 

previously described conceptual framework for access to healthcare,40 with access defined as 

“the opportunity to have healthcare needs fulfilled”. The concept of access being reliant on the 

interaction between the healthcare system (supply side) and patients’ ability to seek and 

obtain care (demand side) was originally described by Levasque and has since been adapted 

by several authors;40-43 it is this interaction between providers and patients that permits 

access. This model has been updated with the findings from this study and potential 

opportunities for improvement listed (Figure 35). These are discussed in more detail below. 
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Figure 35: Adapted conceptual framework of access to health care with main results from this study and 

potential opportunities for improvement given. * Loss-to-follow-up data is what was reported in our trial. 2 Adapted 
from 40 and 44 
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The first dimension in our updated framework that impacts on access to eye care services in 

Nepal is approachability, which refers to patients with MK being able to identify a reachable 

healthcare service that can have an impact on that patients’ disease. This interacts with the 

patients’ ability to perceive they have a problem. We found that whilst most patients were good 

at identifying MK as an issue (as evidenced by early attendance to a healthcare facility with a 

median time of 5 days for both direct and indirect attenders), when presenting to a primary-

level facility (including pharmacists), the significance of their disease was not appreciated by 

the care provider resulting in inappropriate management (and not infrequently potentially 

harmful topical corticosteroids) and no referral. Early treatment is associated with improved 

clinical outcomes;45, 46 with improved training of pharmacists and primary-level healthcare 

workers to deliver topical antibiotics and refer patients early, the clinical outcome should 

hopefully be improved. This can be further strengthened by increasing public awareness of 

the importance of corneal trauma and MK and highlighting the need for urgent treatment. 

 

Acceptability refers to factors that impact on the patients’ willingness to accept certain aspects 

of the health service. We did not find any evidence to suggest issues with acceptability of 

established eye care services in Nepal, although we did not specifically investigate this. This 

could be assessed through future focus group discussions and qualitative research. However, 

this study suggests that patients are very accepting of receiving care from pharmacists, with 

over 51% of all indirect attenders presenting initially to a pharmacist (and 39.7% of all 

patients). Unfortunately, pharmacists in Nepal are loosely regulated and we found patients 

who visited them had frequently been given topical steroids, which are known to lead to poor 

clinical outcomes.7 This can be addressed through training pharmacists on eye care 

management, including dispensing topical antibiotics and early referral, in conjunction with 

legislation and enforcement against over-the-counter dispensing of steroids. Acceptability is 

influenced by the patients’ ability to seek the health service, affected by factors such as gender 

inequality and culture. Interestingly, we found that the majority of patients presenting to SCEH 

with MK were female, in contrast to similar work from Uganda.47 Whilst gender inequalities 

have been reported in other ophthalmic conditions including trachoma and cataract, women 

were typically disadvantaged compared to men. However, we are unable to draw any 

conclusions on this as we do not know the gender demographics of MK patients at the 

community level. 

 

Availability refers to the health service being reached in a timely manner. This is a key 

dimension from our study, given that distance to the eye hospital is a significant risk factor for 

delay. Related to this is the patient’s ability to reach the service. Patients lived a median 

distance of 37.3km (IQR 23.5-66.2) to SCEH, whilst only 2km (IQR 1-5km) from a primary-
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level health centre. Access can be improved by increasing the number of satellite clinics with 

suitably trained ophthalmic assistants and eye care workers, thus bringing the service to the 

patient, whilst also offering hospital transport to patients to attend the tertiary-level hospital 

where appropriate. Although the number of ophthalmologists within Nepal is still relatively low, 

by “task-shifting” through training ophthalmic assistants, human resource shortage is less of 

a factor compared to sub-Saharan Africa.48, 49 However, the location of personnel in relation 

to the patients remains a significant barrier to accessing eye care services in Nepal. 

 

Affordability of the health system and the patients’ ability to pay are clearly interlinked 

dimensions that affect access to eye care services, with cost an established major barrier.50 

Another key finding from this study was how cost significantly increases with increasing 

number of facilities visited, in keeping with earlier studies.47, 51 The main direct cost for patients 

accessing eye care in this setting was for consultations, followed by transportation costs. We 

did not quantify the associated indirect costs through lost earnings, but given many patients 

were making multiple journeys over several days, these costs are likely to have been high for 

many patients. Unfortunately, most of the patients presenting with MK were poor individuals, 

from low-ranked castes, primarily involved in subsistence farming. The ability for these 

patients to pay for care is therefore low, further hindering access. By reducing the number of 

journeys made by patients (and therefore unnecessary medical consultations) through 

improved referral pathways, more satellite clinics and educating primary-level care workers, 

the direct costs will be reduced. This could be further reduced by offering free or heavily 

subsidised access to emergency eye care, with assistance from governmental and non-

governmental organisations.  

 

The appropriateness dimension refers to the fit between the services provided and the 

patients’ needs.40 It was clear that the primary-level facilities are currently providing 

inappropriate care, given this is largely being provided by untrained pharmacists or health 

workers who have received no formal ophthalmic training, with many patients having to attend 

multiple facilities before definitive treatment is given, as well as frequently receiving 

inappropriate medication. Linked to this is the patients’ ability to engage with care, including 

their adherence to treatment. Whilst this study did not directly follow all patients within this 

cohort up through treatment, our randomised controlled trial of fungal keratitis patients (which 

formed a subset of 354 of these 643 patients) found a loss-to-follow-up rate of approximately 

13%,2 similar to previous trials. It is likely that follow-up rates are considerably lower in non-

trial settings, given the efforts that our research team had to go to in order to achieve this. 

Potential opportunities to improve access within these dimensions include improved training 
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to primary-level staff, more satellite clinics, and close follow-up of treated patients, potentially 

using remote methods. 

 

Whilst there are five distinct points on the pathway that affect access to eye care services in 

this setting, there are three relatively simple potential interventions that together would cover 

all five “supply” related dimensions: improved training, referral strengthening, and increasing 

the number of satellite clinics. A cluster-randomised controlled trial comparing standard care 

to an interventional package of enhanced care at the primary-care level (which includes 

referral strengthening and enhanced training of primary-level stakeholders) for patients with 

MK in Nepal is planned by our group to see if this will indeed improve access and ultimately 

clinical outcomes.52 Increasing the number of satellite clinics will require considerable 

investment both in terms of personnel and infrastructure, which may be challenging in the 

current economic climate. Other secondary prevention strategies – such as giving topical 

antibiotics following corneal abrasions – have been shown to be affective,53, 54 whilst a large 

community randomised trial that examines corneal ulcer prevention by trained village-level 

health workers is currently recruiting in Nepal.55 

 

Another important aspect to consider is primary prevention. Given the strong association 

between trauma and developing microbial keratitis in LMICs,56-58 ways to reduce the incidence 

of ocular trauma need to be investigated. There is surprisingly limited data on how eye 

protection can reduce the incidence of corneal trauma in LMICs,59 although a recent RCT from 

India showed patients wearing protective eyewear had a 94% lower risk of ocular trauma 

compared to those without eye protection.60 However, barriers remain to the acceptability of 

this intervention. More work is required to see how uptake can be improved and whether this 

could be a feasible measure. 

 

The hope is that by implementing some of the suggested interventions from this study, access 

to eye care services in Nepal will be improved, ultimately improving clinical outcomes. Further 

studies investigating whether these strategies do in fact make a difference are currently 

underway.  

 

Conclusion 

The research conducted as part of this PhD has helped increase the evidence for the 

diagnosis and management of fungal keratitis in LMICs as well as increasing our 

understanding on patients’ barriers to accessing care.  
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Bringing all these separate studies together, we are able to offer a diagnostic strategy, initially 

using clinical features and then supplemented with investigations. The clinical signs of raised 

slough and serrated margins are particularly helpful and should prompt the clinician into further 

investigations for FK, specifically IVCM if available and smear microscopy using KOH wet 

mount and Gram stain. If FK is confirmed, then treatment should be with topical natamycin 

5% if available or chlorhexidine 0.2% if it is not. Improving access to eye care services, through 

improved training of pharmacists and primary-level health workers and strengthening the 

referral pathway is likely to reduce treatment delays and improve outcomes. This is currently 

under further investigation. 

 

Whilst the lessons learned from this PhD should help clinicians and guide public health policy 

in managing fungal keratitis in LMICs, there is still a considerable amount of further work to 

be done to tackle the ongoing challenges resulting from this neglected tropical disease. 

Natamycin remains the gold standard treatment for FK and is on the WHO essential medicines 

list, yet access to it in many parts of the world is severely restricted. This must be addressed 

as a matter of urgency, with the use of chlorhexidine recommended in its absence. Making 

fungal keratitis an officially recognised neglected tropical disease by the WHO may help focus 

attention and resources to enable these challenges to be dealt with. 

 

Ultimately further work is required to develop improved primary prevention strategies, improve 

public awareness and engagement, train primary-level health workers and pharmacists, and 

strengthen the capacity of the primary health system to diagnose, manage and refer patients 

with microbial and in particular fungal keratitis. Further planned research to help investigate 

these domains is detailed in Chapter 11. 
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Chapter 11: Future work 

 

 

Members of the study team outside a temple in the Terai region of Nepal we visited following a sensitisation visit 
to a satellite eye care clinic   



Jeremy Hoffman PhD Thesis 2023 263 

There are several studies currently underway that we will conclude: 

 

1. Quality of life at 3 months: we plan to investigate the effect of the alternative 

treatments (chlorhexidine 0.2% and natamycin 5%) on the quality of life of participants. 

 

History and examination alone give little to no insight into the effect that a disease can 

have on a patient’s social well-being and their functioning. Quality of life (QoL) broadly 

refers to an “individual’s perceptions of their position in life in the context of the culture 

and value systems in which they live and in relation to their goals, expectations, 

standards and concerns”.1 QoL can be assessed quantitatively using different tools 

depending on what is of interest. For example, disease-related QoL can be assessed 

(e.g. vision-related QoL, VRQoL) or more general health-related issues irrespective of 

the disease can be investigated (health-related QoL, HRQoL).2  

 

At baseline and at 3-month follow-up we conducted the WHO/PBD-VF20 (World 

Health Organisation/ Prevention of Blindness and Deafness—Visual Functioning 20 

item questionnaire) VRQoL tool. This tool measures the impact of visual impairment in 

the person’s life including mental wellbeing, dependency and social functioning. These 

have been used in a number of other visual related studies to show a difference in 

QoL.3, 4  

 

For HRQoL, we used the EQ-5D questionnaire, EQ-Visual Analogue Scale and the 

WHOQOL-BREF, again conducted at baseline and at 3-months. The EQ-5D is a 

standardised tool to measure health outcomes.5 The WHOQOL-BREF has good 

applicability in (LMIC as it was developed simultaneously from concept across 18 

countries in Africa, Asia and Latin America. It measures 4 domains of health: Physical 

Health, Psychological Health, Social Relationships, and Environment.  

 

Acute MK causes considerable ocular discomfort with tearing, photophobia, 

conjunctival hyperaemia and pain, in addition to blurred vision. These acute features 

of MK, together with vision loss as a sequelae of MK, can have a significant negative 

impact on people’s quality of life.6-9 MUTT1 assessed QoL as a secondary outcome 

measure and found patients randomised to natamycin found improvement in VRQoL 

compared to those taking voriconazole.7 We plan to investigate how QoL may be 

affected for patients randomised to either CHX or NATA.  
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Analysis will be by comparing the scores obtained for each QoL assessment for the 

two treatment arms to estimate the effect of CHX and NATA on patients’ QoL. This will 

be similar to that performed by Habtamu et al.2 Comparisons between the two 

medication groups will be adjusted for the matching variables: age and sex. The 

VRQoL analysis will also be adjusted for socio-economic status and the HRQoL 

analysis adjusted for both socioeconomic status and presence of health problems 

during the previous 4 weeks, as these factors may confound the association between 

fungal keratitis and QoL. Logistic, linear and ordinal logistic regression methods will be 

used for binary, continuous and ordered categorical outcome variable analysis, 

respectively. Linear regression models and the t-test will be employed to compare 

significant differences in QoL scores and to generate mean and mean differences 

between the two treatment arms in each QoL subscale and domain, respectively. 

2. Distinguishing bacterial and fungal corneal infections using unsupervised 
machine learning (“artificial intelligence”) 

A potential solution to help improve diagnostic accuracy, especially where the 

microbiology is negative or not available, is to develop automated, computer-assisted 

image analysis of good quality digital photographs of infected corneas. Ideally this 

algorithm would be developed to be capable of running as an application on a 

smartphone, utilising the built-in digital camera with or without hardware modification.  

 

Algorithm-based image analysis is not new in ophthalmology: computer-aided 

automated diagnosis of diabetic retinopathy has been extensively investigated and is 

gaining significant momentum.10-13 In particular, there have been some noticeable 

successes from using Unsupervised Machine Learning (UML) techniques. We will be 

making use of these advances in image analysis to develop an anterior segment image 

analysis algorithm, which has not previously been done. In addition, smartphones are 

becoming increasingly used in ophthalmology and offer novel, portable and low-cost 

imaging techniques for fieldwork.14, 15 A key requirement of using UML for this purpose 

will be having access to a large number of corneal images with a known microbiological 

diagnosis to train the system.  

 

The main advantage of UML is that the computer does not approach the problem with 

any preconceived ideas or previously learned pattern recognition, as is the case with 

clinicians. Studies assessing the diagnostic accuracy of corneal specialists when faced 

with clinical photographs of microbial keratitis with known aetiology showed correct 
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diagnosis in only 66% - 73% of cases.16, 17 However, this rate was considerably lower 

at 38% when assessing fungal keratitis specifically.17 It is hoped that by using UML the 

diagnostic accuracy would be as good as, if not better than these results. In addition, 

as geography influences the prevalence of bacterial and fungal keratitis, clinicians in 

different areas may not have equivalent clinical experience. UML would use images 

from a wide variety of locations, with the option to add geographic metadata to the 

images (“geo-tagging”), meaning that the probability of a given aetiology could be 

determined based on the geographical location of where the image was acquired.  

 

We propose developing an anterior segment image analysis application to differentiate 

the broad causative organisms (bacterial, fungal, protozoal or viral) for microbial 

keratitis, providing a probability of a patient having a particular type of corneal infection. 

The ultimate goal is to have a portable, cheap and accurate diagnostic tool for use by 

clinicians in low- income countries to help correctly diagnose microbial keratitis and 

prevent the negative sequelae associated with any delay. We have already collected 

high quality corneal photographs during this study and are currently developing an 

image analysis algorithm.  

 

3. Antifungal and antibacterial susceptibility testing: we plan to perform antifungal 

and antibacterial susceptibility testing of the micro-organisms isolated during this 

study.  

 

Unfortunately, skilled microbiologists and laboratory facilities are often lacking in the 

areas most in need; more too often treatment is empirical. Even when personnel and 

laboratories exist, this challenge is compounded by the lack of consensus on the role 

of susceptibility testing: there is a lack of data with regards to filamentous fungi 

susceptibility studies; most studies focus on yeast infections; and there is limited 

consensus on the minimum inhibitory concentration (MIC) clinical breakpoints (i.e. 

those that categorise the organism into being susceptible, intermediate or resistant).18 

 

MUTT1 yielded some very valuable data with regards to susceptibility testing for 

natamycin and voriconazole. Fusarium isolates were least susceptible to voriconazole, 

whilst Aspergillus flavus were least susceptible to natamycin.19 

 

Our current work with Radboud University testing in vitro susceptibility of MK fungal 

isolates from Tanzania indicates CHX has MICs that are substantially lower than the 

0.2% concentration used for treatment.20 Moreover, in contrast to other agents, 
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fungicidal concentrations are close to inhibitory concentration. This means that CHX 

may be more likely to kill the fungi, rather than just temporarily suppressing the 

infection. Although natamycin performed significantly better than chlorhexidine in our 

RCT in terms of clinical outcome measures, there was no difference in re-culture rates 

at seven days. Further microbiological testing will therefore help to understand these 

results better. 

 

This further work will allow us to understand the sensitivity to antibiotics or antifungals 

within our study population, including susceptibility to chlorhexidine. Our data will 

include bacteria, fungi and amoeba. The results of the analysis of these data will be of 

great use to clinicians within the region when planning to treat empirically, and may 

help to form benchmark MIC clinical breakpoints.  

 

Antibiotic susceptibility testing of bacteria culture isolates will be performed using 

standard disc diffusion techniques at SCEH. Antifungal susceptibility testing of fungal 

isolates will be performed at LSHTM. Our isolates from Nepal will be transferred to 

LSHTM, under a signed Material Transfer Agreement that is in place. They will be re-

cultured and tested using a dilution series method for four drugs: Natamycin, 

Chlorhexidine, Voriconazole and Amphotericin-B. This technique has been developed 

at Radboud University, The Netherlands. 

 

4. Evaluating the utility of PCR testing for fungal keratitis and sequencing of 
isolated fungal specimens: we will update our work on comparing the different 

diagnostic investigations for fungal keratitis with PCR. We will also conduct sequencing 

on isolated fungi that were unidentified, and also on those found to be PCR positive 

but that did not grow on culture. 

 

Molecular diagnostic techniques are increasingly used in MK. There is no widely 

agreed standard PCR methodology.21-25 We currently use pan-fungal quantitative PCR 

in Tanzania (UK National Reference Laboratory protocol). Sequencing is increasingly 

important for fungal identification, providing greater specificity than classical 

microbiology.26-28 There is growing consensus about the most useful fungal “DNA 

barcode” regions.29, 30 

 

PCR for microorganisms: 

DNA from the dry swab will be extracted using the QIAamp mini kit (Qiagen) with bead-

beating. Samples will be tested for the presence of bacterial (16rRNA) and fungal 
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(ITS1) DNA by quantitative PCR. This PCR work will be performed at LSHTM. The 

performance of PCR as a diagnostic tool will be evaluated against a composite 

reference standard for positive cases. Cases will be considered positive if the 

pathogen is detected by either smear microscopy, IVCM and/or culture. 

 

Fungal DNA sequencing: 

It is not always possible to determine the species of a fungus from classical 

microbiological techniques. It is now common to use fungal DNA sequencing for 

species-level diagnosis for some genera, including Fusarium spp., which is the 

commonest fungal genus reported for MK in the study settings. We will use sequencing 

of the fungal ITS and TEF1a regions for this.31 DNA will be extracted from the cultured 

fungal isolate when available. If there no fungus is cultured but the PCR is positive, 

then this PCR product will be used for sequencing. The DNA will be extracted from the 

isolates at LSHTM, where sequencing will also be performed.  

 

5. Microbial Keratitis in eastern Nepal: prospective cohort study: we will build on the 

initial cohort study conducted as part of this PhD to further evaluate the presenting 

features, patient demographics, microbiological diagnosis and clinical outcomes of 

patients presenting with microbial keratitis over a full year. This prospective cohort 

study will enable us to gain a more detailed knowledge and understanding of the 

presenting features of MK, results of investigations, and clinical course of MK at SCEH. 

We will be able to compare the results of this cohort study to ours, which had been 

affected by the COVID-19 pandemic and did not review the clinical course of patients 

that were not enrolled in the RCT, and see if there are any differences.  

 

6. Chlorhexidine 0.2% vs. Natamycin 5% for fungal keratitis: long-term clinical 
outcomes: we plan to determine whether there is any difference in long-term clinical 

outcomes for patients treated with chlorhexidine 0.2% or natamycin 5%. 

 

We will attempt to contact all patients who enrolled in the RCT and examine them for 

best spectacle visual acuity (BSCVA) and scar size at 2 years following enrolment. 

Based on our previous analysis, we will use similar regression models with 

adjustments for baseline status. 

 

In addition to the work directly related to my PhD described above, I will continue to work with 

my supervisor Prof. Matthew Burton on a 5-year Wellcome Trust funded programme related 

to severe corneal infections in low- and middle-income countries listed below:  
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7. Comparison of two treatment regimes for the treatment of fungal eye infections 
in East Africa: we are conducting a large clinical trial to find out whether chlorhexidine 

0.2% eye drops in combination with natamycin 5% are as effective as or more effective 

than natamycin 5% eye drops alone for treating fungal corneal infections.32 

Recruitment is currently underway. 

8. Comparing a comprehensive package of primary care to the standard of care to 
reduce blindness caused by severe corneal infections in Nepal and Uganda: we 

will investigate, in a cluster RCT, whether an early primary-care intervention package, 

including topical chlorhexidine, can reduce blindness from microbial keratitis. We are 

will be starting recruitment in the second half of 2022, in two parallel, single-masked 

cluster RCTs, to be conducted in Nepal and Uganda.33 

9. Point of care tests for fungal keratitis: point-of-care tests for fungal keratitis would 

be very helpful. Molecular tests are generally more sensitive than antigen-based 

assays. Isothermal nucleic amplification techniques offer the sensitivity of PCR 

amplification without the need for specialized equipment. A result may be obtained 

within 30 minutes. Promising molecular approaches include isothermal amplification 

(Loop-mediated isothermal amplification (LAMP), Recombinase polymerase 

amplification (RPA)), associated with lateral flow assays for amplicon detection. 

Several assays have been developed that detect fungi, however, these have not been 

evaluated in fungal keratitis. The second ulcer swab will be used to test and develop 

isothermal molecular assays in comparison with the standard microbiological 

approaches described above. Results will be evaluated against a composite reference 

standard for fungal diagnosis as described above. 

 

In addition to the above work, further research is warranted in the following areas, which I 

hope to develop as part of a post-doctoral grant application: 

 

10. Primary prevention: given that the majority of fungal keratitis cases in LMICs are 

preceded by a history of corneal trauma – often with vegetative matter whilst carrying 

out agricultural activities – preventing corneal injury as a primary prevention strategy 

may reduce the incidence of fungal keratitis. A previous small RCT from India has 

shown that eye protection can help reduce the incidence of corneal abrasions in 

agricultural labourers, although there were challenges with acceptability which the 

authors concluded may limit widespread adoption.34 I plan on carrying out qualitative 

research into how acceptability could be improved, testing out different designs of eye 

protection. I would then conduct a large-scale randomised controlled trial comparing 
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individuals given eye protection to those without, with outcome measures the number 

of corneal abrasions and microbial keratitis in each arm. 

 

11. Climate change and fungal keratitis: we have shown that changes in fungal keratitis 

incidence at the tertiary healthcare level may be seasonal. Further work to understand 

this in more detail is required. In addition, with global warming and climate change, the 

incidence of FK may increase globally. Further work and modelling is required to 

understand this further. 

 

12. Qualitative research and public engagement: a better understanding of the public’s 

perception of microbial keratitis and their perceived barriers to accessing care will be 

helpful in improving access to eye care services and ultimately improving outcomes. 

Engaging the public may help as part of a strategy of primary prevention. 
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Appendix 4: Journey History Completion Form 
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Appendix 5: Microbiology request form 
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Appendix 6: LSHTM Ethical Approval 

 

 

                                             

Observational / Interventions Research Ethics Committee

Prof Matthew Burton 
Professor of International Eye Health 
Department of Clinical Research (CRD) 
Infectious and Tropical Diseases (ITD) 
LSHTM

4 April 2018 

Dear Matthew

Study Title: Randomised controlled trial of topical chlorhexidine 0.2% versus topical natamycin 5% for fungal keratitis in Nepal 

LSHTM Ethics Ref: 14841 

Thank you for responding to the Interventions Committee’s request for further information on the above research and submitting revised documentation.

The further information has been considered on behalf of the Committee by the Chair. 

Confirmation of ethical opinion

On behalf of the Committee, I am pleased to confirm a favourable ethical opinion for the above research on the basis described in the application form, protocol and supporting documentation
as revised, subject to the conditions specified below.

Conditions of the favourable opinion

Approval is dependent on local ethical approval having been received, where relevant. 

Approved documents

The final list of documents reviewed and approved by the Committee is as follows:

Document Type File Name Date Version

Other eGCP (Secondary Care )_Introduction to Good Clinical Practice eLearning
Certificate

13/01/2017 1

Information Sheet 3. Participant Information and Consent Form 2 - Nepal 26/01/2018 1

Protocol /
Proposal

4. Data Collection Appendix 27/01/2018 1

Protocol /
Proposal

1. Protocol - v1 - Nepal 28/01/2018 1

Investigator CV Matthew Burton - Short CV - 2017 31/01/2018 1

Safety Information Investigator Brochure 31/01/2018 1

Safety Information Investigators Brochure Annexes 31/01/2018 1

Investigator CV Jeremy Hoffman Ethics CV 2018- CHX NATA 31/01/2018 1

Sponsor Letter 2018-KEP-009_Sponsor confirmation_Nepal 31/01/2018 1

Covering Letter 14841 Response Letter 22/03/2018 1

Information Sheet 2. Participant Information and Consent Form 1 - v1.1 - Nepal 22/03/2018 1.1.
 

After ethical review

The Chief Investigator (CI) or delegate is responsible for informing the ethics committee of any subsequent changes to the application.  These must be submitted to the Committee for review
using an Amendment form.  Amendments must not be initiated before receipt of written favourable opinion from the committee.  

The CI or delegate is also required to notify the ethics committee of any protocol violations and/or Suspected Unexpected Serious Adverse Reactions (SUSARs) which occur during the project
by submitting a Serious Adverse Event form. 

An annual report should be submitted to the committee using an Annual Report form on the anniversary of the approval of the study during the lifetime of the study. 

At the end of the study, the CI or delegate must notify the committee using an End of Study form. 

Page 1 of 2
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All aforementioned forms are available on the ethics online applications website and can only be submitted to the committee via the website at: http://leo.lshtm.ac.uk

Additional information is available at: www.lshtm.ac.uk/ethics

Professor John DH Porter
Chair

ethics@lshtm.ac.uk
http://www.lshtm.ac.uk/ethics/ 

Page 2 of 2
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Appendix 7: Nepal Health Research Council (NHRC) Ethical Approval 
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Government of Nepal

Nepal He arch Council (NHRC)
.1991

Ref No ,I27 Fsro

22 July 2022

Dr. Reena Yadav
Principal Investigator, Sagarmatha Chaudhary Eye Hospital, Lahan

Prof. Matthew John Burton
Principal Investigator, London School of Hygiene and Tropical Medicine

Subject: Approval of the requested amendment for the study entitled

Randomised controlled trial of topical chlorhexidine 0.2o/o versus topical
natamycin 57o for fungal keratitis in Nepal (Reg. no. 613/2018, Approved on

12 December 2018)

Dear Dr. Yadav and Prof. Burton,
The meeting of the Expedited Review Sub-Committee of Nepal Health Research Council held on

l9 July 2022 discussed the amendment requested on l2 JuIy 2022. The meeting has approved the

amendment for the extension of the study till September 2022 to send samples for analysis to the

London School of Hygiene and Tropical Medicine and to complete remaining activities of the

study.

Itlote: Please adhere with the timeline mentioned in the opprovol letter. Any communication
regarding the studywill not be entertained after the completion of the timeline.

If you have any queries, please feel free to contact the Ethical Review M &,8 Section of NHRC.

Thanking you!

Dr. Pradip Gyanwali
Member Secretary

t
J
d,

Tel: +977 1 4254220, Fax: +gTT 1 4262469, Ramshah Path, PO Box: TO2O, Kathmandu, Nepal
Website : http ://www. n h rc. gov. n p, E-mai I : n h rc@n h rc. gov. n p
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Appendix 8: Nepal Department of Drug Administration (DDA) Approval 
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Appendix 9: Deterioration whilst on treatment and treatment failure standard operating procedure  

 

Title:   Deterioration whilst on treatment and treatment failure 

SOP Ref:   RCT CHX-NATA/SOP/28 

Version:  Final v 1.1 

Author:  Dr Jeremy Hoffman Title: Clinical Research Fellow 

Effective Date:    28/01/19 Review by:  Prof. Matthew Burton 

Approved by:     Prof. Matthew Burton Date: 30/07/19 

Signature of 

Authoriser 
    

 

 

  
SOP Chronology  
Version 
 

Date Reason for Change Author 

1.1 30/7/19 Increased detail and added flow chart JH 

1.2 27/11/19 Removed intra-stromal injections as an option and 

clarified when to use oral treatment 

JH 
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Purpose  

This SOP (Standard Operating Procedure) defines clinical deterioration whilst on treatment as well as treatment failure 
at the end of the study, and what happens in either of these instances. 

Introduction  

Clinical deterioration is known to occur despite prompt treatment with topical anti-fungals in up to 30% of 

cases. We define clinical deterioration as an increase in the ulcer size, ulcer depth and / or perforation despite 

compliant treatment for at least one week with the study medication (either CHX or NATA). Treatment failure 

is defined as perforation at any time during the study or a persistent epithelial defect of > 0.5mm at the three-

month follow-up.  

 

Procedure in the event of clinical deterioration 
 

If there are objective signs of clinical deterioration as defined above and confirmed by the treating 

ophthalmologist or study co-ordinator, the following protocol should be followed: 

 
1. The patient’s compliance with the medication must be confirmed. Poor compliance must be addressed 

with counselling. If the patient is not currently admitted, admission is strongly encouraged. 
2. Ocular hygiene of the patient is assessed. If it is poor, the patient must be counselled on how to clean 

the eye appropriately. If the patient is admitted, the ward staff can assist in cleaning the eyes. 
3. Any previous microbiological cultures should be reviewed at this point as this may provide evidence to 

an initial mixed infection at baseline. Sensitivities to anti-microbials should be reviewed where available. 
4. A repeat battery of corneal scrapes should be taken including microscopy and culture. Follow the 

procedure below for “mixed infection deterioration” should bacteria be identified on gram stain. In the 
absence of a mixed infection, follow the procedure below for “non-mixed infection treatment failure”. 

5. All deteriorating cases should be discussed with the management team before changing any 
medications. 

6. Change in medication can only be made by the supervising ophthalmologist. 
7. All changes in medication need to be documented using the Medication Change Form (below, 

SOP28A). 
 

Mixed infection deterioration 

 

N.B. The below should only be followed in the event of definitive evidence of a mixed bacterial-fungal infection 

e.g. bacteria reported on microscopy or culture. 

 

• First-line anti-microbial treatment is g. moxifloxacin applied hourly for a minimum of 48 hours. The intensity can 
be reduced depending on clinical response at the discretion of the treating ophthalmologist. 

• In cases that are deteriorating rapidly, resistant to the first-line agent on sensitivity testing or failing to 
respond to g. moxifloxacin after a minimum of 48 hours, dual therapy (“fortified”) can be given. This should be 
an aminoglycoside and a cephalosporin (ideally 2nd or 3rd generation). At present, the available options at SCEH 
are g. gentamycin and g. cefazolin (note g. cefazolin is a first-generation cephalosporin). It should be noted that 
these are not manufactured as per GMP: both are made in the clinic from diluting IV preparation powder for 
injection and are not licensed for ocular use. Quality assurance including sterility of these medications has not 
been performed or checked. It is therefore advised that these are second-line preparations that should only be 
given if treatment with first-line, licensed, anti-microbials has failed or is deemed inadequate. 

• Patients who have been started on an anti-microbial should be reviewed at 48 hours 
• Culture results (and sensitivities if available) should be reviewed at this point 
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• If there is progressive clinical deterioration, the first-line antimicrobial can be switched to the second-line 
(fortified) regimen. If there is deterioration whilst on the fortified regime, g. moxifloxacin can be added 

• There is no role for oral anti-biotics, unless the eye has perforated 
 

Non-mixed infection deterioration 

 

The choice of the “rescue” anti-fungal in this study is difficult due to the lack of evidence. Indeed, natamycin 

5% has been shown to be more effective than topical voriconazole. Amphotericin B is a possible alternative, 

although evidence for its use is lacking and it is currently not licensed or available in Nepal. The clinician 

should bear this in mind as patients who are deteriorating are unlikely to improve with medical treatment 

alone. However, despite these limitations the following should be followed: 

 
• An additional anti-fungal should not be started before the day 7 review. 
• First-line should be g. voriconazole 1%. It should be noted that this is not prepared as per GMP. The frequency 

should be hourly for 48 hours minimum, and then reduced at the discretion of the clinician, usually then 2-hourly 
until the epithelium has healed. 

• If the ulcer is more than 75% deep and deteriorating at or after 7 days from enrolment, then oral ketoconazole 
200mg twice daily with meals or oral voriconazole 200mg twice daily two hours after meals should be started. 
Liver function tests should be started before treatment and monitored over the course of the treatment. If the 
liver function tests are showing a deterioration, then the oral treatment should be stopped immediately. 

• If the patient continues to deteriorate after one week of additional treatment, then TPK should be performed. 
• If at any time the patient perforates, TPK should be performed when possible. 
• If there is a descemetocele or small perforation, corneal gluing can be performed and the patient monitored 

closely. If the perforation worsens, then TPK should be performed when possible. 
 

In the event that this happens, the Medication Change Log form (Appendix SOP28A) must be completed.  

 

The flow chart below summarises the steps to follow. 

 

Procedure in the event of treatment failure 
 

If the patient perforates, then they can undergo TPK surgery at the discretion of the treating ophthalmologist 

and providing the facilities and corneal tissue is available. 
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Figure 1: Flow chart of what to do if there is clinical deterioration 
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Appendix 10: Sample size calculation for the randomised controlled trial of topical chlorhexidine 0.2% 

vs. topical natamycin 5% for the treatment of fungal keratitis in Nepal 

 

The study is powered to test the hypothesis that CHX is non-inferior to NATA in terms of the primary outcome 

(BSCVA at 3 months) at a pre-specified non-inferiority margin (Delta) of 0.15 logMAR units. It is possible that 

CHX is non-inferior to NATA, given pilot RCT data that showed no statistically significant difference between 

CHX and NATA, with a Cochrane review finding a non-significant trend favouring CHX over NATA.1-3 Despite 

this trend favouring CHX, we have chosen to carry out a non-inferiority trial rather than a superiority trial as 

this is a more clinically pragmatic approach. It would be counter-productive to conduct a superiority trial and 

find no statistically significant difference between the two treatments leading clinicians to potentially disregard 

CHX as a treatment, when in fact it may be ‘non-inferior” to NATA, and be the only available or most cost-

effective treatment.  

 

The choice of Delta: This clinically meaningful difference of 0.15 logMAR was chosen as a difference of 0.15 

logMAR corresponds to approximately 1.5 lines on a Snellen chart; any difference greater than this is clinically 

significant, as a difference of less than 0.15 log MAR could potentially be accounted for by testing / re-testing 

error.4 Furthermore, it was used in the MUTT1 trial, providing methodological consistency between studies.5 

In addition, previous studies have suggested treated ulcers improve at a mean of four Snellen lines from 

baseline.  

 

Sample size was calculated for 90% power and adjusted final alpha of 0.0492, taking account of a single 

interim analysis using O’Brien-Fleming approach to maintain type-1 error rate of 5%. A sample size of 452 is 

required to detect a non-inferiority margin of 0.15-logMAR in BSCVA 3-months after enrolment between 

arms, assuming 0.5 SD for 3-month BSCVA and 15% dropout.  

 

However, given approximately 10% of infections are mixed and these will be excluded from the primary 

analysis, 500 patients will be recruited. This sample size provides 90% power to detect superiority in BSCVA 

at 3-months if there is ³0.17 LogMAR units difference as a secondary analysis.  

 

This was given by the following formula and calculation:6  

 

 

 
 
 
 

n = f(α, β) × 2 × σ2 / d2 

where σ is the standard deviation, and 
f(α, β) = [Φ-1(α) + Φ-1(β)]2 

Φ-1 is the cumulative distribution function of a standardised 

normal deviate. 
Alpha = 1-0.0492 = 0.9508 

Beta = 0.9 

Therefore f(alpha, beta) = 8.61 
N = 8.61*2*(0.5^2)/(0.15^2) = 192 per group = 384 overall 

Given 15% loss to follow up, N = 384/(1-0.15) = 452 
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Appendix 11: Method for preparing chlorhexidine 0.2% eye drops 

One of the advantages of chlorhexidine 0.2% eye drops is the ease and low cost of how it can be prepared. 

Below is an outline of how chlorhexidine 0.2% eye drops can be produced at a hospital pharmacy. Further 

details, including results of stability and sterility testing of test batches produced at one of our facilities in 

Uganda, will be published as open access in a peer-reviewed journal in due course, and falls beyond the 

scope of this PhD. 

 

Eye Drop Production Department at Ruharo Mission Hospital, Uganda 
 

Distilled water was produced onsite by a fixed distillation unit. For eye-drop production, distilled water was 

collected within 2 hours of production into a clean plastic container. All containers used for the preparation of 

the eye-drop solutions were rinsed three times with distilled water before use by filling with distilled water and 

discarding.  

 

Acetate buffer was prepared by the addition of sodium acetate (141.4 mM) and acetic acid (7.8 mM) in a 

mixing bucket. The pH was measured using a portable pH meter (Hanna Halo 12302) and adjusted by 

dropwise addition of sodium hydroxide (10 M) to reach pH 6.75. CHX 0.2% (100-mL batches) was prepared 

by dilution of chlorhexidine digluconate (1 mL) in a volumetric flask to a volume of 100 mL. The solution was 

shaken to mix and filtered through a grade-3 sinter aided by a hand vacuum pump. The solution was 

dispensed using a Pressmatic bottle top dispenser in 10-mL portions into amber glass bottles. Lids were 

screwed on firmly by hand, and the bottles sterilized by a water steam bath at 100°C and atmospheric 

pressure for 30 minutes. Three batches were made in this way, and the first, middle, and last bottles of each 

batch were sent for sterility testing. 

  

 




