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ABSTRACT
Introduction: Mycotic keratitis is one of the commonest causes of eye infections especially in male
which works mainly in outdoor. Filamentous fungi (mould-like fungi) were the common cause of
Mycotic keratitis and common presentations seen in developing countries. The aim of present study
assess predisposing factors and microbial profile of Mycotic keratitis in central India. Methods: The
study was conducted in the collaboration of Department of Microbiology and Ophthalmology in G. R.
Medical College, Gwalior, India. Samples were collected from corneal scraping by sterile cotton swab
and inoculated on culture media Sabouraud dextrose agar (SDA) for fungal culture. Material obtained
from corneal scrapping also performed 10% KOH mount preparation, gram’s staining and
Lactophenol cotton blue (LPCB) mount. Identification of fungal isolates was done by colony
morphology, growth characteristics and relevant standard tests. Results: A total of 237 out of 740
(32%) fungal isolates was obtained from suspected patients of Mycotic keratitis, out of which
Fusarium species (33.2%) was the most predominant followed by Curvularia species (21.9%) and
Aspergillus species (16.7%), Ocular trauma was the key predisposing factors. Conclusion: Trauma
was the key predisposing factor of keratitis because of filamentous fungi. The commonest causative
agent of fungal keratitis in current study was Fusarium species followed by Curvularia species. Early
proper diagnosis and management of fungal keratitis reduces the ophthalmic morbidity and mortality.
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Introduction:
Microbial keratitis is a leading cause of ocular morbidity and mortality in developing countries,
secondary to the cataract, (Flaxman et al., 2017). Etiology of the microbial keratitis includes bacterial
agents, viruses, and fungal agents, amongst them Mycotic keratitis cause more serious corneal
infection may lead to blindness. It still remains the challenging issue of all ophthalmologists (Khor et
al., 2018 and Acharya et al., 2017).
Incidence of Mycotic keratitis was very according to geographical locations, population of patients,
corneal health, mainly occurs in summer seasons, tropical climates and more among agricultural
workers due to vegetative trauma (Estopinal et al., 2016). Hence, knowledge of risk factors, causative
agents and epidemiological characteristics features in particular areas are critically useful in early
recognition, prompt therapy, proper management and prevention of the microbial keratitis. Proper
laboratory investigation was necessary before the starting specific therapy. For the diagnosis of
Mycotic keratitis culture of corneal scrapings on SDA media and microscopy were necessary for
identification of the etiological agent (Bashir et al., 2005). Mycotic keratitis is leading cause of
blindness, because it difficult to diagnosed, cause more serious infection, poor prognosis, less
responding to treatment and worse visual outcome (Prajna et al., 2013). Etiological agents of Mycotic
keratitis were yeast like fungus and filamentous fungi, yeast like fungi are Candida species was
prevalent in temperate climates and filamentous fungi are Aspergillus spp. & Fusarium spp. were
prevalent in tropical climates (Shah et al., 2011 and Galarreta et al., 2007).

The objective of the study was to detect the predisposing factors and isolation of fungal agent from
corneal scrapping for diagnosis of fungal keratitis prevalent in central Indian populations.

Methods:
A two-year prospective study of fungal keratitis was carried out from July 2016 to June 2018. Only
patients attending the ophthalmology clinic and were with microbiologically proven fungal keratitis
were enrolled in our study. Detailed history was obtained with socio-demographic and occupation
data, ophthalmic medical and surgical history, contact lenses and immunosuppression history.
The corneal scrapping material was collected by Ophthalmologists by using strict sterile precaution
under slit-lamp examination.
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Sample was collected from base and edges were subjected to microscopic examination using freshly
prepared 10% KOH and Gram staining, (ICMR 2nd edition., 2019) and, were inoculated on two
plates/tubes of Sabouraud’s dextrose agar media with antibiotics incubated at 25OC and 37OC
separately for 4 weeks. The corneal scrapping was also cultured on blood agar media plates in the
pattern of “S” or “C” shaped streaking, to ensure the growth in inoculum from rather than contaminant
from the lab. All inoculated culture Medias was incubated aerobically. In the first week time cultures
plates were checked daily whereas on remaining next three weeks duration checked twice a week.
Identification of fungal agents was done by standard laboratory methods via microscopy,
characteristics features of growth; colony morphology, according to ICMR 2nd edition (2019),
Lactophenol cotton blue (LPCB) preparation and slide culture.
Statistical analysis: statistical analysis was performed by SPSS version 22 software. Percentages
and mean value were calculated and analysed. P< 0.05 considered statistically significant
Ethical consideration: The present study was ethically approved by institutional board of ethical
committee; we have obtained informed consent from all the study participants

Results:
During the study period, out of 740 patients, 237 (32%) patients were either smear or culture or both
positive Mycotic keratitis cases were enrolled in our study. Out of 237 cases, 197 (83.12%) were both
positive (KOH and Culture), 27 (11.40%) KOH only positive, 13 (5.48 %) culture only positive and
those were negative for both, were excluded from the study group. Comparison of KOH mount and
culture isolates were shown in table 1.
Current study found the rate of fungal keratitis was reported higher among males 142 (59.92%) than
female 95 (40.08%). Most of the patients belong to the age group of 41-60 years. The common
associated predisposing factors in descending order includes trauma from vegetative objects 53%,
contact lens user 31%, on steroid therapy 29%, diabetic and hypertensive 27%, previous ocular
surgery 23% and ocular surface disorder 21% as shown in figure:1.
Among the 237 mycological proven cases of Mycotic keratitis the commonest fungal isolates obtained
was Fusarium species 33.2% (n=79) followed by Curvularia species 21.9% (n=52). Detail description
of microbial isolates were shown in Figure 2
It proves that KOH is much more sensitive than culture in picking up fungal infections, and can save
valuable time on diagnosis & treatment.
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Table 1: Comparison of KOH mount and culture of fungal isolates
Statistic

KOH Mount

Culture

Sensitivity

93.81%

89.65% to 96.66%

Specificity

0.00%

0.00% to 12.77%

0.94

0.91 to 0.97

Disease prevalence

88.61%

83.86% to 92.36%

Positive Predictive Value

87.95%

87.57% to 88.31%

Negative Predictive Value

0

--

83.12%

77.73% to 87.66%

Positive Likelihood Ratio

Percent of association

Accuracy

60.00%

53.00%

50.00%
40.00%
30.00%

27.00%

Ocular
Surface
disorder

Use of
corticoste
roid (Oral
or
Systemic)

Diabetic
and
hypertens
ive

Contact
lens users

21.00%

29.00%

27.00%

31.00%

21.00%

Trauma

Previous
Ocular
surgery

53.00%

23.00%

20.00%

31.00%

29.00%

23.00%

10.00%
0.00%

Per cent

Figure1: Distribution of associated predisposing factors
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Distribution of fungal isolates (n=237) amonge mycotic
keratitis patients.
Fusarium solani 18.9%
Fusarium oxysporum 14.3%
11.4%
Curvularia spp. 21.9%
18.9%
Aspergillus flavus 7.1%
7.6%
Aspergillus fumigatus 5%
8.9%
14.3%
Aspergillus terreus 4.6%
4.6%
Acremonium spp. 8.9%
5%
Bipolaris spp. 7.6%
7.1%
21.9%
KOH positive 11.4%
Figure 2: Distribution of fungal isolates among Mycotic keratitis patients

Image 1: LPCB mount shows Fusarium Solani

Image 2: LPCB mount shows Aspergillus flavus
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Discussion
The Mycotic keratitis is a leading cause of ocular morbidity and mortality. In India and other tropical
countries fungal infection of eye is most frequently encountered condition.
Incidence of Mycotic keratitis in current study was 32%, Similar incidence was also reported by many
other studies like, (Kalshetti et al., 2015, Rautaraya et al., 2011, Jiragyal et al., 2016 and Tewari et al.,
2012), whereas (Puig et al., 2020) reported only 7.1% incidence of fungal keratitis, lower than the
present study. In contrast to current study (Venkatesh et al., 2018 and Javadi et al., 1996), reported
86% higher incidence of fungal corneal ulcer. These geographical variations may be due to
predisposing and etiological agents of Mycotic keratitis was differ in different regions, mainly mycotic
keratitis seen in tropical and subtropical region. In the present study the male to female ratio was
found to be 1.49, similar results were reported in a study by (Satpathy et al., 2019).
Many studies observed that incidence of Mycotic keratitis was high in farmers (Kunimoto et al., 2000).
Farmers are prone to Mycotic keratitis because of more chances of vegetative ocular trauma. In
present study higher incidence of Mycotic keratitis observed between ages of 35-60 years. (Kalshetti
et al., 2015) cited the higher incidence between ages of 21 to 50 years; this could be due to middle
age group male were outside workers having more expose to infectious agents. In the present study,
the Mycotic keratitis was due to moulds; predominantly Fusarium species followed by Curvularia &
Aspergillus species, our finding was comparable with the (Bharati et al., 2003 and Chitamparam et al.,
2020) whereas (Chander et al., 2008), reported Aspergillus species was the most common isolate in
their study
Generally, most of the fungal agents do not invade the intact corneal epithelium, penetration of agents
made after trauma (animal or plant agent). Trauma can facilitate the implantation of fungal conidia in
corneal stroma or indirect abrasion of corneal epithelium permit fungal invasion (Thomas et al., 2013).
In the present study, Ocular trauma is the key predisposing factor, occurring in 53% of patients,
comparable with the other studies like, (Waghmare et al., 2019, Singh et al., 2020 and Hoffman et al.,
2021) Whereas (Menard et al., 2022) reported contact lens was the most common risk factor of fungal
keratitis.
Conclusion:
Incidence of Mycotic keratitis was 32%, more in male than female in the present study. Ocular trauma
was the key predisposing factor of fungal keratitis. Fusarium, Curvularia and Aspergillus were the
most common fungal agents isolated from Mycotic keratitis patients. The fundamental element in the
diagnosis of Mycotic keratitis is clinical suspicion by an ophthalmologist along with laboratory
diagnosis by direct microscopic examination and culture. Early definitive diagnosis of Mycotic keratitis
by culture may help in proper management.
Conflicts of Interest
The author declares no conflicts of interest.

GLOBAL JOURNAL OF PUBLIC HEALTH MEDICINE 2022, VOL 4, ISSUE 2
gggggglo

716

References
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•

•
•
•
•

Acharya Y, Acharya B, Karki P (2017). Fungal keratitis: study of increasing trend and
common determinants. Nepal J Epidemiol. 2017; 7:685-693.
Bashir G, Shah A, Thokar MA, Rashid S, Shakeel S (2005). Bacterial and fungal
profile of corneal ulcers: A prospective study. Indian J Pathol Microbiol 2005; 48:2737
Bharathi M J, Ramakrishnan R, Vasu S, et al (2003). Epidemiological characteristics
and laboratory diagnosis of fungal keratitis: A three-year study. Indian J Ophthalmol
2003; 51: 315-321.
Chander J, Singla N, Agnihotri N, et al (2008). Keratomycosis in and around
Chandigarh: A five-year study from a north Indian tertiary care hospital. Indian J
Pathol Microbiol 2008; 51: 304- 306
Chitamparam S, Lim T-H, Tai E, Ibrahim M (2020). Mycotic Keratitis in a Tertiary
Hospital in Northeastern Malaysia. Turk J Ophthalmol. 2020; 50:332-338.
Estopinal CB, Ewald MD (2016). Geographic disparities in the etiology of bacterial
and fungal keratitis in the United, States of America. Semin Ophthalmol2016; 31:345–
352
Flaxman SR, Bourne RRA, Resnikoff S, Ackland P, Braithwaite, T, Cicinelli MV, et al
(2017). Global causes of blindness and distance vision impairment 1990-2020: a
systematic review and meta-analysis., Lancet Glob Health. 2017; 5:e1221–e34.
Galarreta DJ, Tuft SJ, Ramsay A, Dart JKG (2007). Fungal Keratitis in London.
Cornea. 2007; 26(9):1082–1086. doi:10.1097/ico.0b013e318142bff3
Gita Satpathya,b,∗, Nishat H. Ahmed B, Niranjan Nayak B, Radhika Tandonc,
Namrata Sharmac et al (2019), Spectrum of Mycotic keratitis in north India: Sixteen
years study from a tertiary care ophthalmic centre, Journal of Infection and Public
Health 12 (2019) 367–371
Hoffman, J.J.; Burton, M.J.; Leck, A (2021). Mycotic Keratitis—A Global Threat from
the Filamentous Fungi. J. Fungi 2021, 7, 273. https://doi.org/10.3390/jof7040273
Indian Council of Medical Research New Delhi, India, Standard Operating
Procedures for Fungal Identification and Detection of Antifungal Resistance
Antimicrobial Resistance Surveillance and Research Network: 2nd Edition, 2019
Javadi MA, Hemati R, Muhammadi MM, et al (1996). causes of fungal corneal
Keratitis and its management. Review of 23 cases from Labafinejad Medical Center
(LMC). BINA1996; 2: 38- 54.
Kunimoto DY, Sharma S, Garg P, et al (2000). Corneal ulceration in the elderly in
Hyderabad South India. Br J ophthalmol 2000; 84: 54-59
Kalshetti V T et al (2015). Microbiological evaluation of mycotic keratitis in north
Maharashtra, India: A prospective study. J Microbiol Infect Dis 2015; 5 (3): 99-102.
Khor WB, Prajna VN, Garg P, Mehta JS, Xie L, Liu Z et al (2018),. The Asia Cornea
Society Infectious Keratitis Study: A Prospective Multicenter Study of Infectious
Keratitis in Asia. Am J Ophthalmol. 2018; 195:161-170. 2.
Maylander Menard, Yesha S Shah, Inna G Stroh, Sidra Zafar, Manjari Sriparna,
Nancy Zhang et al (2022), Microbial Profile and Clinical Outcomes of Fungal, Keratitis
at a Single-Center Tertiary Care Hospital, Clinical Ophthalmology 2022:16 389–399.
Poonam A. Jiragyal (2016), A cross sectional study on clinico microbiological profile
of patients with fungal corneal ulcer attending a tertiary care hospital of Shimoga
district, Karnataka, Indian Journal of Clinical and Experimental Ophthalmology,
October-December,2016;2(4): 299-303.
Prajna NV, Srinivasan M, Lalitha P, et al (2013). Differences in clinical outcomes in
keratitis due to fungus and bacteria. JAMA Ophthalmol. 2013; 131 (8):1088–1089.
doi:10.1001 /jamaophthalmol.2013.1612
Puig M, Weiss M, Salinas R, Johnson DA, Kheirkhah A (2020). Etiology and Risk
Factors for Infectious Keratitis in South Texas. J Ophthalmic Vis Res 2020; 15:128–
137.
Rautaraya et al (2011). Diagnosis and Treatment Outcome of Mycotic Keratitis at a
Tertiary Eye Care Center in Eastern India. BMC Ophthalmology 2011 11:39.
Shah A, Sachdev A, Coggon D, Hossain P (2011). Geographic variations in microbial
keratitis: an analysis of the peer-reviewed literature. Br J Ophthalmol. 2011;
95(6):762–767. doi:10.1136/bjo.2009.169607.

GLOBAL JOURNAL OF PUBLIC HEALTH MEDICINE 2022, VOL 4, ISSUE 2
gggggglo

717

•

•
•
•
•

Shankar Venkatesh, B.M., S. Jaya prakash Rao and Mallikarjun Rao, V (2018).
Fungal Keratitis, Study at a Tertiary Eye Care Hospital in Hyderabad, India. Int. J
.Curr. Microbiol.App.Sci.7 (04): 2393-2402. doi: https://doi.org/ 10.20546/ijcmas.2018
704.275
Singh M, Gour A, Gandhi A, Mathur U, Farooqui JH (2020), Demographic details, risk
factors, microbiological profile, and clinical outcomes of pediatric infectious keratitis
cases in North India. Indian J Ophthalmol 2020; 68:434-40.
Tewari A, Sood N, Vegad MM, Mehta DC (2012). Epidemiological and microbiological
profile of infective keratitis in Ahmadabad. Indian J Ophthalmol 2012; 60:267-72.
Thomas PA, Kaliamurthy (2013). Mycotic keratitis: epidemiology, diagnosis and
management. Clin Microbiol Infect 2013; 19: 210-220.
Waghmare AS, Sadanand PK (2019). Clinical and microbiological profile of infective
keratitis and their antibiotic sensitivity. Indian J Microbiol Res 2019; 6(1):11-14.

GLOBAL JOURNAL OF PUBLIC HEALTH MEDICINE 2022, VOL 4, ISSUE 2
gggggglo

718

