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ABSTRACT 

Background: Climatic and geographical factors largely govern the epidemiological pattern of microbial keratitis. 

However, existing literature data is scarce concerning infiltrate size, organism, and depth of outcomes of microbial 

keratitis. 

Aim: The present study was aimed at analyzing the effect of infiltrate size, organism, and depth on outcomes of microbial 

keratitis. 

Methods: The present retrospective study assessed records of subjects with infective keratitis within the defined study 

period. The depth and size of the ulcer at presentation were assessed and used to divide subjects into groups and assess 

outcomes of the organism causing the disease. Group I comprised of subjects with <6mm/anterior to mid stromal infiltrate, 

Group II: ulcer <6mm full-thickness infiltrate, group III: ulcer >6 mm/anterior to mid stromal infiltrate, group IV: ulcer 

> 6 mm/full-thickness infiltrate. In all the included subjects, BCVA (best-corrected visual acuity) and response to 

treatment were assessed at follow-up to assess outcome measures. 

Results: The present study assessed 2234 subjects with 60.8% subjects in Group I. In Group I and II, significant 

improvement was seen in visual acuity compared to Group III and IV. The best response was seen in Group I to medical 

management irrespective of organism. A higher risk for surgery was seen in Group III compared to Group II keeping 

Group I as reference. Overall resolution following medical management was seen in 70%, 64.8%, 64.3%, 62.5%, 52.6%, 

and 12.1% of subjects with bacterial keratitis, mixed keratitis, acanthamoeba keratitis, fungal keratitis, and Pythium 

keratitis. Acanthamoeba and bacteria better responded to medical management than fungal keratitis, whereas, a higher 

risk for surgery was seen with Pythium.  

Conclusion: The present study concluded that the outcome in microbial keratitis is largely governed by the depth and 

size of the infiltrate along with the virulence of the organisms. 
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INTRODUCTION 

Climatic and geographical factors largely govern the epidemiological patterns in microorganisms causing IK (infective 

keratitis). In tropical Agrarian countries, an increased incidence of fungal keratitis is reported, whereas, in countries like 

Australia and the UK, BK (bacterial keratitis) has a high incidence. Acanthamoeba is responsible for 0-5% of infective 

keratitis cases globally and in the past few years, owing to increased awareness, Pythium has emerged as a refractory 

organism. Factors such as depth and size of the infiltrate, systemic comorbidities, age, delayed presentation, and hypopyon 

are taken as predictors for outcome in keratitis cases.1 

Existing literature data has focused on the role of the size of the infiltrate in affecting the outcome across infective 

organisms. On the contrary, other data has focused on the importance of the depth of infiltrate. In recent literature studies, 

it has been reported that AK (acanthamoeba keratitis) needs a significantly longer time for re-epithelization in comparison 
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to bacterial and fungal keratitis. However, no difference is reported in other time-to-event outcomes as the discontinuation 

of antimicrobials and the need for therapeutic keratoplasty.2  

It has also been reported that there is a significant increase in the need for surgical therapy in fungal keratitis compared 

to acanthamoeba keratitis and bacterial keratitis. However, this is further governed by the factor if the depth and size of 

involvement are different or the same which is not yet clear. It makes it necessary to assess the difference between larger 

superficial fungal infections and deep smaller bacterial infections for the determination of early surgical intervention, if 

any. Also, the understanding is limited concerning the influence of any other parameter including depth of size of ulcer 

concerning particular causative agent. It will further help in the identification of deeper involvement or increased size of 

infiltrate which has a prominent effect on outcome among various organisms.3 

It is also unclear if there is an impact of causative organisms on the outcome depending on the size-depth of the infiltrate. 

The present study aimed to comparatively analyse the effect of infiltrate size, organism, and depth on outcomes of 

microbial keratitis.  

MATERIALS AND METHODS 

The present retrospective comparative clinical study aimed to comparatively analyse the effect of infiltrate size, organism, 

and depth on outcomes of microbial keratitis. The study subjects were from the Department of Ophthalmology of the 

Institute. Verbal and written informed consent were taken from all the subjects before participation. 

The study assessed medical data of subjects with infectious keratitis within the defined study period. Infectious keratitis 

was primarily diagnosed based on clinical features in adjunct to microbial assessment done at the Institute including 

KOH-calcofluor and gram staining with cultures. In subjects with negative microbiology on the stain and no growth seen 

after 48 hours, scraping was repeated and included PCR (polymerase chain reaction) along with routine. Acanthamoeba 

culture and acid-fast staining were suggested depending on the initial staining report and disease suspicion. In subjects 

with negative cultures, treatment was governed by the initial stain. In both negative cases, PCR was performed. All 

subjects having corneal ulcers>2mm or smaller, but involved visual axis underwent microbiological evaluation. Subjects 

presenting with resolving infiltrate and prescribed topical medications along with microbiological reports were not 

suggested corneal scraping at presentation.   

Subjects having small perforations and not needing therapeutic grafts after globe stabilization underwent confocal 

microscopy or microbiological assessment. Host corneal tissue was sent for microbiology in subjects that presented with 

melt/large perforation needing therapeutic graft. Medical records were assessed to note demographics, causative 

organisms, predisposing factors, and treatment outcomes. Also, all subjects underwent a photo slit-lamp along with a 

detailed assessment that helped in retrieving relevant information. 

The depth and size of each ulcer were noted at the presentation and were used for grouping subjects. A longer infiltrate 

diameter was used for size recording. The cut-off value chosen was 6mm for ulcer size and ulcers of >6mm size were 

taken as poor outcome predictors.4 The ulcers were divided into four groups. Group I comprised of subjects with 

<6mm/anterior to mid stromal infiltrate, Group II: ulcer <6mm full-thickness infiltrate, group III: ulcer >6 mm/anterior 

to mid stromal infiltrate, group IV: ulcer > 6 mm/full-thickness infiltrate. Grouping was done by two ophthalmologists’ 

experts in the field. Exclusion criteria for the study were subjects that did not fit into any group, unidentified organisms, 

and subjects with viral keratitis. 

All the subjects were managed using standard treatment protocol. Medical management done included amphotericin for 

yeast, 5% topical natamycin for filamentous fungi, and broad-spectrum fluoroquinolones for bacterial keratitis. Second-

line management was done using voriconazole or other antibacterial agents depending on clinical response and sensitivity 

tests. Systemic medications were indicated for eyes with limbal involvement causing perforation or full-thickness 

infiltrate >6mm in size at presentation.  

In cases of acanthamoeba, combined therapy was done using 0.1% propamidine and 0.02% polyhexamethylene biguanide. 

The drug of choice for atypical mycobacteria and Nocardia was amikacin. For Pythium keratitis, 500g oral azithromycin 

was given along with a combination of 1% azithromycin and 0.2% linezolid as a topical application. Cyanoacrylate glue 

with bandage contact lens named tectonic procedure and TPK (therapeutic penetrating keratoplasty) was done as 

appropriate in cases where worsening on treatment and full-thickness or impending perforation. Medical management 

response was considered good when infectious keratitis responded and resolved with medical therapy and worsened if it 

needed therapeutic graft. 

The primary outcome assessed was the therapeutic graft need for infectious keratitis resolution and the secondary outcome 

assessed was BCVA (best corrected visual acuity) achieved at final follow-up. The mean follow-up taken was time from 

presentation to the last visit, and the mean healing times were time from presentation to clinical infection resolution.   
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The data gathered were analysed statistically using SPSS (Statistical Package for the Social Sciences) software version 

24.0 (IBM Corp., Armonk. NY, USA) for assessment of descriptive measures, Student t-test, ANOVA (analysis of 

variance), and Chi-square test. The results were expressed as mean and standard deviation and frequency and percentages. 

The p-value of <0.05 was considered.  

RESULTS 

The present retrospective comparative clinical study aimed to comparatively analyse the effect of infiltrate size, organism, 

and depth on outcomes of microbial keratitis. The present retrospective study assessed records of 2234 subjects with 

infective keratitis within the defined study period. The depth and size of the ulcer at presentation were assessed and used 

to divide subjects into groups and assess outcomes of the organism causing the disease. The age of subjects was 2-91 

years and the mean age of 45±18.14 years with a male: female ratio of 2.5:1. Mean presentation time from onset was 

highest for acanthamoeba with 42.2±21.03 days. However, no significant difference was seen in presentation between 

organisms. The mean follow-up was 337.6±279.26 days. For 266 subjects, records were incomplete and were excluded 

from the assessment. Hence, data were finally assessed in 1816 subjects with 3068, 584, 66, 48, 28, and 10 fungal, 

bacterial, Pythium, acanthamoeba, mixed, and miscellaneous cases. 

For overall clinical presentation in study groups based on organisms, in Group I, miscellaneous, mixed, pythium, 

acanthamoeba, fungus, and bacteria keratitis was seen in 80%, 78.5%, 21.6%, 58.3%, 57.6%, and 70.96% subjects 

respectively. In Group II, miscellaneous, mixed, pythium, acanthamoeba, fungus, and bacteria keratitis was seen in 10%, 

7.14%, 2.7%, 16.6%, 14.7%, 12.4%, and 13.41% of subjects respectively. Group III subjects showed miscellaneous, 

mixed, pythium, acanthamoeba, fungus, and bacteria keratitis was seen in 10%, 7.14%, 21.6%, 8.33%, 4.7%, 3.8%, and 

5.28% subjects respectively. In Group IV, miscellaneous, mixed, pythium, acanthamoeba, fungus, and bacteria keratitis 

was seen in 0, 7.14%, 54.05%, 16.6%, 22.9%, and 13.6% subjects respectively (Table 1). 

On regression analysis of various organisms in study groups depending on depth and size of infiltrate with Group I as a 

reference, in Group I, no correlation was seen in acanthamoeba with p=0.791 and was significant in Pythium and bacteria 

with p=0.003 and 0.02 respectively. In Group II, no significant association with acanthamoeba was seen with p=0.612 

and 1.000. However, a significant association was seen with bacterial keratitis with p=0.01. In Group III, no significant 

association was seen in acanthamoeba, Pythium, and bacterial keratitis with p=0.392, 0.556, and 0.182 respectively. In 

Group IV, no significant association was seen with acanthamoeba and Pythium with p=0.382 and 0.512, and a significant 

association was seen in bacterial keratitis with p=0.03 (Table 2).  

The study results showed that concerning healing time in medically managed subjects, in subjects with bacterial keratitis, 

the mean healing time was 1.40±1.11, in fungal keratitis, it was 1.74±1.41 months, was 2.91±2.54 months for Pythium, 

3.73±2.36 months for fungus, and 0.95±0.34 months for bacterial keratitis. This difference was highly statistically 

significant with p<0.0001 (Table 3). 

DISCUSSION 

The present study retrospectively assessed records of 2234 subjects with infective keratitis within the defined study period. 

The depth and size of the ulcer at presentation were assessed and used to divide subjects into groups and assess outcomes 

of the organism causing the disease. The age of subjects was 2-91 years and the mean age of 45±18.14 years with a male: 

female ratio of 2.5:1. Mean presentation time from onset was highest for acanthamoeba with 42.2±21.03 days. However, 

no significant difference was seen in presentation between organisms. The mean follow-up was 337.6±279.26 days. For 

266 subjects, records were incomplete and were excluded from the assessment. Hence, data were finally assessed in 1816 

subjects with 3068, 584, 66, 48, 28, and 10 fungal, bacterial, Pythium, acanthamoeba, mixed, and miscellaneous cases. 

These data were comparable to the previous studies of Fernandes M et al5 in 2015 and Agarwal S et al6 in 2019 where 

authors assessed subjects with demographic data comparable to the present study in their respective studies. 

The study results showed that for overall clinical presentation in study groups based on organisms, in Group I, 

miscellaneous, mixed, pythium, acanthamoeba, fungus, and bacteria keratitis was seen in 80%, 78.5%, 21.6%, 58.3%, 

57.6%, and 70.96% subjects respectively. In Group II, miscellaneous, mixed, pythium, acanthamoeba, fungus, and 

bacteria keratitis was seen in 10%, 7.14%, 2.7%, 16.6%, 14.7%, 12.4%, and 13.41% of subjects respectively. Group III 

subjects showed miscellaneous, mixed, pythium, acanthamoeba, fungus, and bacteria keratitis was seen in 10%, 7.14%, 

21.6%, 8.33%, 4.7%, 3.8%, and 5.28% subjects respectively. In Group IV, miscellaneous, mixed, pythium, acanthamoeba, 

fungus, and bacteria keratitis was seen in 0, 7.14%, 54.05%, 16.6%, 22.9%, and 13.6% subjects respectively. These results 

were consistent with the studies of Puangsricharern V et al7 in 2021 and Gurnani B et al8 in 2021 where the overall clinical 

presentation of irritational keratitis reported by the authors in their studies was comparable to the results of the present 

study. 
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It was seen that on regression analysis of various organisms in study groups depending on depth and size of infiltrate with 

Group I as a reference, in Group I, no correlation was seen in acanthamoeba with p=0.791 and was significant in Pythium 

and bacteria with p=0.003 and 0.02 respectively. In Group II, no significant association with acanthamoeba was seen with 

p=0.612 and 1.000. However, a significant association was seen with bacterial keratitis with p=0.01. In Group III, no 

significant association was seen in acanthamoeba, Pythium, and bacterial keratitis with p=0.392, 0.556, and 0.182 

respectively. In Group IV, no significant association was seen with acanthamoeba and Pythium with p=0.382 and 0.512, 

and a significant association was seen with bacterial keratitis with p=0.03. These findings were in agreement with the 

results of Loh AR et al9 in 2009 and Raj N et al10 in 2021 where regression analysis of various organisms for keratitis 

depicted results similar to the present study by authors in their respective studies.  

The study results also showed that concerning healing time in medically managed subjects, in subjects with bacterial 

keratitis, the mean healing time was 1.40±1.11, in fungal keratitis, it was 1.74±1.41 months, was 2.91±2.54 months for 

Pythium, 3.73±2.36 months for fungus, and 0.95±0.34 months for bacterial keratitis. This difference was highly 

statistically significant with p<0.0001. These results were in line with the findings of Mills B et al11 in 2021 and Dago TR 

et al12 in 2021 where authors reported healing time for keratitis ulcers comparable to the results of the present study. 

CONCLUSIONS 

The present study, considering its limitations, concludes that the outcome in microbial keratitis is largely governed by the 

depth and size of the infiltrate along with the virulence of the organisms. The present study had a few limitations including 

a smaller sample size, shorter monitoring period, and single-institutional study. Hence, future studies are warranted with 

a larger sample size and longer monitoring from different geographical backgrounds to reach a definitive conclusion. 
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Clinical picture Miscellaneous Mixed  Pythium  Acanthamoeba Fungus Bacteria  Total  

Group I 80 78.5 21.6 58.3 57.6 70.96 60.77 

Group II 10 7.14 2.7 16.6 14.7 12.4 13.41 

Group III 10 7.14 21.6 8.33 4.7 3.8 5.28 

Group IV 0 7.14 54.05 16.6 22.9 13.6 20.53 

Table 1: Overall clinical presentation in study groups based on organisms (%) 

Groups & culture Odds 95% CI (lower) 95% CI (upper) p-value 

Group I <6mm/anterior to midstream     

Fungal      

Acanthamoeba  0.842 0.226 3.087 0.791 

Pythium  2.551 2.608 17.984 0.003 

Bacteria  0.829 0.543 1.265 0.02 

Group II     

Fungal     0.989 

Acanthamoeba  0.590 0.077 4.429 0.612 

Pythium  0.000 0.000  1.000 

Bacteria  1.045 0.459 2.377 0.01 

Group III     

Fungal     0.685 

Acanthamoeba  0.276 0.013 5.271 0.392 

Pythium  0.554 0.076 3.963 0.556 

Bacteria  0.331 0.069 1.562 0.182 

Group IV     

Fungal     0.164 

Acanthamoeba  0.353 0.032 3.660 0.382 

Pythium  2.007 0.245 16.357 0.512 

Bacteria  0.392 0.152 0.507 0.03 

Table 2: Regression analysis of various organisms in study groups depending on depth and size of infiltrate with 

Group I as reference 

 Mean healing time (months) 

Bacteria  1.40±1.11 

Fungus  1.74±1.41 

Pythium  2.91±2.54 

Fungus  3.73±2.36 

Bacteria 0.95±0.34 

p-value <0.0001 

Table 3: Mean healing time in medically managed subjects  

 


