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INTRODUCTION 

 

 An inflammation of the layers of the cornea is called Keratitis.  This is a 

main cause of visual loss, second to cataract.
1
 It is a second major disease, that is 

responsible for corneal blindness, in developing countries.  

 

  Mycotic keratitis or Keratomycosis or Fungal keratitis is an infection of the 

cornea, caused by a variety of fungal species. They are capable of invading the 

ocular surface.
2
 It is due to the colonization of the fungi, infiltration of the 

epithelium and invasion of the corneal stroma. It is a slow, but serious disease, 

causing sight-threatening corneal infection. 

 

Over the past 20 years, an increase in the incidence of mycotic keratitis is 

due to the increasing and extensive use of antibiotics and corticosteroids. The 

incidence of mycotic keratitis is reported to be 17% to 36% worldwide. Mycotic 

keratitis is a major cause of morbidity and mortality in Asia. In tropical countries 

like China, during the past decade, the incidence of mycotic keratitis has increased. 

In, Britain and Northern United States, which are temperate countries, the 

incidence of mycotic keratitis is low comparatively.   

 

The intact corneal epithelium cannot be penetrated by fungal organisms. 

They do not enter the cornea from episcleral limbal vessels. In order to establish a 

foothold, they need a penetrating injury or a previous epithelial defect.
3 

They are 

able to proliferate faster, when they enter into the cornea. 
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 Filamentous fungi are the principal causes of post-traumatic infection. 

When there is a preexistent defect, Candida is the most common pathogen to invade 

into the cornea.  

The virulence of fungal organisms depends on the  substances intrinsically 

produced by them and the response of the host generated against it. The reasons are 

due to the physical damage by the mere presence of fungal organisms, the 

infiltrative inflammatory response by the leucocytes, and also due to the secondary 

damage from fungal toxins and enzymes.  

 

An agricultural environment and humid climate along with malnutrition in 

the developing countries like India are highly conducive to the development of 

mycotic keratitis, even from a minimal trauma. 

 

Fungi are present as commensals normally in the conjunctival flora of 

healthy eyes. This accounts for about 3–28% of the population.
6
 They can invade 

the cornea under conditions such as following trauma, administration of 

corticosteroids, or in a diseased state. In industrialized countries, another risk factor 

for fungal keratitis is contact lens wear. In therapeutic contact lens wear, Candida is 

the common cause of mycotic keratitis, whereas Filamentous fungi are associated 

with refractive contact lens wear.
6 

Topical administration of steroids had been a cause in the increased 

incidence, development, and worsening of mycotic keratitis. Foreign body, corneal 

surgery, chronic keratitis, and immunosuppressive diseases are the other causes.  
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If there is a patient with a history of corneal trauma, particularly with plant or soil 

matter, the physician should have a high level of suspicion.  

 

Earlier data indicates that, mycotic keratitis is the most common in the older 

population among 51–60 years, whereas reports from the Indian subpopulation 

report a younger age of onset.
6
 Many patients need surgical intervention such as 

therapeutic keratoplasty, enucleation, or evisceration inspite of advancements in 

diagnostic aspects and medical treatment of mycotic keratitis. This is either due to 

the failure of medical treatment or because of advanced stage of mycotic keratitis at 

the time of presentation. 
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REVIEW OF LITERATURE 

ANATOMY OF THE EYE
 

The eye is located in a cone shaped cavity in the skull called the orbit. The 

orbit is one inch in diameter. It is surrounded by layers of soft, fatty tissue. It 

protects the eye and enables it to turn easily. The motion of the eye is regulated by 

the six muscles. The parts of the human eye are the conjunctiva, cornea, lens, retina, 

the macula, and the optic nerve.  Human eye senses the shape, state and colour of 

physical objects.
4
  

 

STRUCTURE OF THE CORNEA:  

 

Fig 1:  Structure of Cornea 

 The anterior 1/5th of the eyeball is formed by the cornea. The iris, pupil, and 

the anterior chamber are covered by the cornea.  As glass, the cornea is smooth and 

clear but as plastic, it is strong and durable.  In humans, the cornea has a horizontal 

diameter of 12mm and vertical diameter is 11.5mm. The thickness of the cornea is 

in the center is 500-600 μm and at the periphery, it is 600–800 μm.
4
 It has a smooth 

shining surface.  
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Anterior surface is convex and elliptical. Posterior surface is concave and circular. 

   It has unmyelinated nerve endings sensitive to touch, temperature and 

chemicals. An involuntary reflex to close the eyelid occurs, by even a touch of the 

cornea. Avascularity, transparency, the presence of immature resident immune cells 

contributes the cornea, to be a special tissue. Also the immunologic privilege makes 

the cornea a very special tissue.
4 

 

NUTRITION OF THE CORNEA 

 

 The nutrients are received by the cornea via diffusion of the tear fluid from 

the outside and aqueous humour from the inside. It also receives nutrients from 

neurotropins supplied by nerve fibres which innervate it. 

 

CORNEAL LAYERS 

There are five layers of cornea.
4
 They are 

1. Epithelium 

2. Bowman’s membrane 

3. Stroma 

4. Descemet’s membrane 

5. Endothelium 

 

EPITHELIUM 

 

The epithelium is the outermost layer in the cornea. It forms about 10 percent of 

the thickness of the tissue.  It is made of non-keratinized stratified squamous 

epithelium and are replaced every 7 days. It is 50-90µm thick.
4  

It consists of 

-5- 



 

1. Basal layer, which is made of single columnar, mitotically active with few 

organelles. 

2. Wing cells are made of 2 or 3 layers of polygonal cells. 

3. Superficial cells are formed by flat cells, double layered with desmosomal  

attachment, tight junctions, microplicae & microvilli. 

 

BOWMAN’S LAYER:  

 

It is a layer of acellular condensed collagen fibers. It is 8-14µm thick and is 

not regenerable. It forms a basement membrane for basal epithelial cells. 

 

STROMA:   

 

The layer posterior to the epithelium is the stroma. It forms 90% of corneal 

thickness. It is made of collagen fibers, lamellae, proteoglycan and variety of cells 

like keratocytes, macrophages, lymphocytes.
4
 It is regenerable. It is made up of 

water and protein fiber layers. It provides the strength, elasticity and form, to the 

cornea and to the cells that nourish it. The shape, spacing of the protein fibers and 

arrangement are unique, which are essential in producing the transparency of the 

cornea for the conduction of light.  
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DESCEMET’S MEMBRANE: 

 

It is produced by the endothelium and forms basement membrane. It is       

10-12µm thick. It ends at the limbus in the Schwalbe’s line. 

 

ENDOTHELIUM:  

This is a single layer of cells hexagonal in shape, located between the stroma 

and the aqueous humor. It cannot be regenerated.
4
 At birth, there are 4000 to 5000 

cells/mm².  Minimum number is 400 -700 cells/mm.
2 

 

BLOOD SUPPLY OF CORNEA:  

It is avascular and have no lymphatics.   

 

NERVE SUPPLY OF CORNEA 

 

The Sensory supply is via the Ophthalmic division of trigeminal nerve 

Nasociliary  Nerve long ciliary nerve  Limbus  Sclera  Precorneal plexus 

 Stromal plexus  Subepithelial plexus  Intraepithelial plexus. 

 

PHYSIOLOGY OF THE CORNEA 

 

The functions of the Cornea are  

 

1. It protects the eye from dust, germs and harmful matter by providing a 

physical barrier.
2
 

2. It functions as the outermost lens of the eye. 
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The functions of the Epithelium are  

It blocks the passage of dust or water like foreign material into the inner layers of 

the cornea and the eye.
5
 

1.  It absorbs oxygen and other cell nutrients in the tears which are needed 

for the eye and provides a smooth surface.   

 
As the cornea is the outermost layer, it functions like a window which 

controls the entry of light into the eye. The cornea reflects the light onto the 

crystalline lens, when light strikes on it. The light is then focussed onto the retina 

by the lens. The cornea is responsible for about 65% of the refractive power of the 

eye, though it is thinner than the lens.
5
 The refractive power of the cornea is 43 

dioptres in humans.
4
 Refractive index is 1.33.  

           The most damaging ultraviolet (UV) wavelengths in sunlight is filtered by 

the cornea. The lens and the retina would be highly susceptible to injury from UV 

radiation without this protection.  The stroma tends to absorb water. The primary 

function of endothelium is to pump excess water out of the stroma. The stroma 

would swell with water, become hazy, and ultimately opaque without this pumping 

action.
 5
 

CORNEAL DISEASES  
1. Microbial Keratitis – Bacterial, fungal, viral and parasitic infections.  

2. Corneal Dystrophies
4
  

a. Keratoconus  

b. Map-Dot-Fingerprint Corneal Dystrophy  

c. Fuch’s Corneal Dystrophy  

d. Lattice Corneal Dystrophy  
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MYCOTIC  KERATITIS  

 

 Leber was the first to describe mycotic Keratitis in 1879.
2
  The term mycotic 

Keratitis refers to the corneal infection caused by the fungi.  It most often results 

from an injury caused by plant matter. Thus, florists, landscapers, gardeners, 

outdoor enthusiasts have high incidence of fungal Keratitis. For an 

Ophthalmologist, mycotic Keratitis remains a diagnostic and therapeutic challenge. 

 

AETIOLOGICAL AGENTS IN MYCOTIC KERATITIS   

There are about 70 genera causing mycotic Ketatitis, reported so far.
6 

 Of 

which, the  commonly affecting agents are 

1. HYALINE FILAMENTOUS FUNGI 

Aspergillus 

A. fumigatus,  A. niger, A. terreus, A. flavus,  A. nidulans, A. oryzae. 

A.clavatus, A.glaucus.  

Fusarium 

F. solani, F. Oxysporum, F. aquaeductum, F. dimerum, , F. nivale, F. 

subglutinans, F. Ventricosum, F. verticilloides 

 

Paecilomyces 

  P. lilacinus ,P. farcinosus, P. Variotii 

 Penicillium 

 P. citrinum, P. Expansum 

Scedosporium  

S. apiospermum (reported as Pseudallescheria boydii) 
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Scopulariopsis 

 S. Brevicaulis 

 

Acremonium 

A. curvum, A. kiliense, A. potronii, A. recife 

2. PHAEOHYPHOMYCETES  

Curvularia  

C. lunata, , C. geniculata, , C. senegalensis,  C.verruculosa ,C brachyspora, 

C. pallescens 

Alternaria  

A.alternata, Alternaria spp., A. infectoria 

 Aureobasidium  

A. pullulans 

Bipolaris
 

B .hawaiiensis, B. spicifera (formerly Drechslera) 

Cladosporium 

C .cladosporioides 

 Exophiala  

E. jeanselmei var. jeanselmei , E. jeanselmei var. dermatitidis,  

Exserohilum 

 E. rostratum, E. Longirostratum 

Fonsecaea 

 F. pedrosoi 
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3. YEAST AND YEAST-LIKE FUNGI: 

Candida
 

C.albicans, C. guilliermondii ,C. glabrata, C. krusei, C. tropicalis, 

 C. famata, C. parapsilosis 

Cryptococcus 

C. neoformans, C. laurentii 

Geotrichum 

 G. candidum 

 Malassezia 

 M. furfur 

 

4. DIMORPHIC FUNGI 

Blastomyces 

B.dermatitidis 

Coccidioides 

C.immitis 

Paracoccidioides 

 P. brasiliensis 

Sporothrix 

 S. schenckii 
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5. NEWLY REPORTED FUNGAL AGENTS 

  Aspergillus viridinutans 

 Candida fermentati  

 Thelavia subthermophilia. 

 

 EPIDEMIOLOGY OF MOST COMMON FUNGAL SPECIES INVOLVED 

IN AETIOLOGY OF MYCOTIC KERATITIS 

 

In Chandigarh, Talwer et al in 1978, revealed that Aspergillus flavus was the 

most common isolate obtained from patients with mycotic keratitis.
7 

 

 Chander et al in 1993, from the same region found that Aspergillus 

fumigatus was the most common isolate.
8 

 

 From Madurai, Srinivasan et al in1997, noted that Fusarium was the most 

common isolate obtained from the patients with mycotic keratitis.
9 

 

Deshpande et al in 1999 identified that Aspergillus fumigatus was the most 

common isolate obtained in their studies from Mumbai.
10 

 

Barathi et al in 2002 and in 2003
11

 from Tamilnadu, noted that Fusarium 

species were most commonly isolated from patients with mycotic keratitis. 

 

Jagdish Chander et al in 2008, revealed that Aspergillus species was the most 

common isolates obtained from patients with mycotic keratitis.
12 
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 Arora et al in 2009
13

 found that Aspergillus species was the most common 

isolate whereas Laila Aktar et al 2009
14

 noted that Aspergillus species was the most 

common isolate obtained from the patients with mycotic keratitis. 

 

 Feilmer et al in 2010 revealed that Aspergillus species was the most 

common isolate obtained from the patients with mycotic keratitis. 

 

RISK FACTORS FOR MYCOTIC KERATITIS  

The various risk factors for mycotic keratitis are 

 

1. Trauma  

The most common traumatic agents are 

 Vegetable matter like leaf, stem, hay 

  Wooden stick 

  Cow tail injury 

  Nail injury 

  Injury by flying insect 

  Metallic substance 

  Soil and dirty water 

          Foreign bodies like dust, plastic, iron piece, paddy husk, ash   

  powder... etc. 
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2. Agricultural occupation. 

3. Diabetes.  

4. Use of topical corticosteroids, antibiotics, or herbal medicines. 

      5.  Corneal surgery such as cataract surgery, penetrating keratoplasty,   

           photorefractive keratectomy, or laser in situ keratomileusis (LASIK) 

6.   Contact lens over wear.  

7. Chronic Keratitis due to vernal Keratoconjunctivitis, herpes simplex virus 

and herpes zoster virus. 

8. Allergies to airborne or bacterial toxins in tears.  

9. Chemical injury  

10. Previous surgery in the eye other than cornea.  

11. Atopic disease 

12. Elderly patients 

13. Already existing ocular disease  

14. Exposure keratitis 

15. Chronic keratitis 

16. Long-term  use of systemic steroids 

17. Immuno suppressive diseases 

18. Nasolacrimal duct blockade 

19. Vitamin A deficiency 
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EPIDEMIOLOGY OF MOST COMMON PREDISPOSING FACTORS 

INVOLVED IN THE ETIOLOGY OF MYCOTIC KERATITIS (Table 1) 

Predisposing factors 
 

Different studies 

Trauma  Srinivasan et al 1997
9
 

 Cesar et al 2008
16

 

 Sadia seth et al 2010
17 

Injury with vegetative matter Reema Nath et al 2011
18 

Agricultural workers Jayahar Bharathi et al 2007
19  

 

 PATHOPHYSIOLOGY OF MYCOTIC KERATITIS:  

 Penetrating injury by traumatic agent or pre- existing epithelial defect 

 

Adherence of fungi to cornea 

 

Invasion of fungi into corneal stroma 

 

Inflammation and neovascularisaion in the corneal tissue 

 

Host immune response is interrupted 

 

                                                       Keratitis 
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Many saprophytic fungal organisms are reported as associated with ocular 

infections. Trauma is the most common cause of mycotic keratitis. The principal 

cause of post traumatic infection is filamentous fungi. The substances produced by 

the fungi and the response generated by the host determines the virulence of the 

fungal organisms. Fungal endophthalmitis is  also a cause of mycotic keratitis. 

 

 Organisms that belong to the normal microflora of the conjunctiva and 

adnexa infect preexisting epithelial defects. The most common pathogen that 

invades a preexisting epithelial defect is Candida.  

  The host immune and inflammatory response can be delayed, because 

filamentous fungi can proliferate  within the corneal stroma  even without the 

release of  chemotactic substances. The entrance of Candida albicans into the 

corneal tissue is facilitated by the production of phospholipase A and 

lysophospholipase on the surface of blastospores.
6
 Fusarium solani, a virulent 

fungus, can spread within the corneal stroma and invade the Descemet membrane.   

 

SYMPTOMS:  

 

The symptoms of fungal keratitis are  

  Pain and redness in the eye.   

 Blurred vision  

 Photophobia  

 Epiphora 

 Discharge from the eye.  
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SIGNS:  

The signs of fungal keratitis are 

 Suppuration of the corneal lesion  

 Raised dry ulcer 

 Serrated borders 

 Satellite lesions 

 Pus in the anterior chamber 

  Endophthalmitis  

 Ulcers not responding to antibacterial treatment. 

DIAGNOSIS OF FUNGAL KERATITIS   

 

 Rapid initiation of appropriate treatment is needed to prevent complications 

like loss of vision. The aim of treatment is to quickly eradicate the infecting 

organisms and to control inflammation and tissue damage so that the transparency 

of the cornea is preserved. An early diagnosis of an infective fungal organism 

leading to effective treatment may improve the outcome of keratitis.
2,4 

 

  Rapid and accurate identification of the infectious agent involved is a 

challenge for the ophthalmologist. The diagnosis of mycotic keratitis can be made 

clinically by identifying the specific signs, which suggest a fungal etiology, 

microbiological examination of corneal smear and culture and histopathological 

examination of the cornea.  
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DIAGNOSTIC METHODS  

1) SLIT LAMP EXAMINATION 

 The slit lamp is an essential tool in clinical ophthalmology. This lamp is 

useful allowing 40 times magnification of corneal details in the diagnosis of 

microbial keratitis. The most common signs on slit lamp examination of mycotic 

keratitis include the following ,
6,29,38

   

a)  Elevated firm slough  

b) ‘Hyphate’ lines extending beyond the ulcer edge into the   

  normal cornea 

c)  Multifocal granular (or feathery) grey-white ‘satellite’   

 stromal infiltrates  

d) Immune ring 

e)  Minimal cellular infiltration in the adjacent stroma 

f)  Mild iritis  

g)   Conjunctival injection  

                                h)   Marginal ulcer   

   i)    Epithelial Defect                          

     j)    Suppuration. 

 

In more than 50% of culture-proven cases, a firm elevated slough and 

hyphate margins are found.
6
 Depending on the aetiological agent there may be 

variations in every case of filamentous mycotic keratitis though they may exhibit 

some of these basic features.   
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Entire cornea is involved resembling bacterial suppuration in severe and chronic 

filamentous mycotic keratitis. An overlying epithelial defect, a more discrete 

infiltrate and slow progression resembling bacterial keratitis is exhibited by keratitis 

due to yeast-like fungi (e.g. C. albicans) and related fungi The independently 

associated signs with mycotic keratitis are serrated margins, raised slough and 

colour other than yellow. If one clinical feature occurred in 63%, the probability of 

fungal infection has increased to 83% if all three features occurred39. Clinicians 

were able to correctly differentiate a bacterial aetiology from a fungal aetiology 

66% of the time in a recent study 40 In the same study, the Gram stain, genus and 

species were 46%, 25% and 10% of the time, respectively.40 An irregular or 

feathery border was the presenting feature with mycotic keratitis, whereas an 

epithelial plaque or an infiltrate was associated with bacterial       keratitis.40  Thus, 

even though certain clinical signs of infectious keratitis may be associated with a 

bacterial or fungal aetiology, microbiological tests should be performed at 

presentation wherever possible appropriately. 39 -41 

2.  CONFOCAL MICROSCOPY 

3.  ANTERIOR SEGMENT OPTICAL COHERENCE TOMOGRAPHY 

 The confocal microscope permits in vivo examination of the cornea. In 

addition to diagnosis, in vivo confocal microscopy and anterior segment optical  
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coherence tomography may also be used to monitor the response of mycotic 

keratitis to treatment and to document the healing process.
26 

 

They are also used for determining the complete recovery of the central as 

well as peripheral stromal thickness of the affected cornea. Confocal microscopy 

helps in reliable and accurate diagnosis in mycotic keratitis. This is more helpful, 

when the corneal infiltrate is deep-seated or when patients are on treatment for 

mycotic keratitis. Also this plays a major role, when mycotic keratitis develops after 

intracorneal implants.
26

                                                       

Confocal microscopy is a noninvasive technique which is sensitive for the diagnosis 

of mycotic keratitis in contrast to the aforementioned invasive sampling techniques. 

Confocal microscopy creates optical sections through the full-thickness of the living 

cornea by using serial images in vivo. 

 The noninvasive property of confocal microscopy helps in a rapid technique for 

visualizing the cornea in its physiologic state, but this is an expensive technique. 

This leads to the limitations of this microscopy, particularly in low socioeconomic 

communities.  Thus, conventional microbiological findings were always the gold 

standard.
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DETECTION OF FUNGAL ELEMENTS BY DIRECT MICROSCOPY 

1. Potassium-hydroxide (KOH) preparation 

Advantages: 

a. This is a simple diagnostic tool in the detection of fungal elements from the  

 specimen. 

b. It is an inexpensive method.
6
 

c. Magnification by oil immersion objective is not required 

d. It can be observed through 40x or 10x objectives 

Disadvantages: 

a. There is no swelling of corneal cells to produce transparent preparations.  

b. Artefacts are common. 

2. Gram-staining  

Advantages 

It stains hyphae of fungi. 

a. It also stains Candida blastospores and pseudohyphae.
2
 

b. It is easy to perform.  

Disadvantages 

a. The cytoplasm of the fungal hyphae may not take up the stain or  it may be 

stained irregularly in  certain cases. 

b. Opacity may be produced by staining fibrous protein. 

c. The details may obscured and confused by the precipitation of crystal violet. 

d. False-positive artefacts are common. 
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3. Giemsa staining  

Advantages 

a. Tissue and cellular elements are stained differentially.
6
 

b. Yeast cells and hyphae are stained clearly. 

c. It also stains protozoa, chlamydiae  and viral inclusion bodies. 

Disadvantages  

a. There is no swelling of corneal cells to produce transparent preparations. 

b. Wherever smear is thick, tissue cells get stained, forming opaque area. 

c. Careful preparation are needed for buffer and working solutions. 

d. It takes 60 mins to do Giemsa staining.
2
 

e. False-positive artefacts are common. 

4. Lactophenol cotton blue staining. 

Advantages:  

a. It is a rapid one-step method. 

b. Fungi are seen and identified to the species level. 

c. The shelf-life of the stain is 1 year.
6
 

d. Wet mount preparation is a semi-permanent method and can be kept for long 

duration.  

e. The sensitivity of the Lactophenol cotton blue staining is 78%.
6
 

f. It is an inexpensive and simple method. 

g. It is easily available. 
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Disadvantages: 

a. The contrast between fungi and the background material may sometimes be  

insufficient.
6
 

b. There is no digestion of tissue. 

5. Methenamine silver staining (modified) 

Advantages 

a. Methanamine silver stains cell wall of fungi clearly.  

b. There is no interference from the background.  

c. Positive findings are identified frequently and reliable than other stains. 

d. Negative findings are also more reliable. 

Disadvantages 

a. Gelatin-coated slides are needed 

b. It stains melanin and cellular debris 

c. The cell wall and septa may be obscured by excessive deposit of silver.  

d. Standardization is needed for reagents and procedure 

e. Controls are also needed for this method 

f. It takes 60 min to perform this method.
2
. 

 

6. Calcofluor white (CFW) 

This is a fluorescent dye. It has an affinity which is high for polysaccharides, 

such as fungal cell walls. Fungal elements from corneal scrapings, aqueous and 

vitreous samples can be detected by this dye. 
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Advantages: 

a. It has an excellent sensitivity. 

b. It also has good specificity. 

c. It can detect filamentous fungal hyphae and yeast blastoconidia. 

d. Subsequent CFW staining can be done from the material from KOH         

mount. 

Disadvantages: 

a. Ultraviolet microscope is needed  

b. Fungi are adequately stained. 

c. The stained corneal collagen may cause confusion with the filamentous 

fungal hyphae. 

d. Standardization is needed for reagents and procedure 

e. It needs an expert to do the procedure.  

 

FUNGAL CULTURE 

 Corneal cultures are considered as gold standard method in the diagnosis of 

mycotic keratitis. The selection of proper medium for isolation, identification and 

maintainence of fungal strains is one of the most important tasks of personnel, 

working in diagnostic medical mycology laboratory.
2
 There are various types of 

fungal culture media. The following culture media commonly used in mycology 

laboratory are 
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A. BASAL MEDIA 

 

1) Sabouraud Dextrose Agar 

 

The Sabouraud dextrose agar (SDA) is the medium originally designed by 

French dermatologist Raymond Sabouraud. This is used for the primary isolation of 

fungi from clinical specimens as well as subcultures of fungal isolates.
2
 It is a 

peptone medium supplemented with dextrose to support the growth of fungi and is 

inhibitory to contaminating bacteria present in clinical specimens. 

 

The colony morphology, microscopic characteristics and other physiological 

properties of fungi cultivated on SDA may vary considerably according to the type 

of substances used in the medium. The peptones are the source of nitrogenous 

growth factors and dextrose provides energy to the fungi.  

 

For the cultivation of fungi from corneal scrapings from clinically suspected 

mycotic keratitis, the antibiotic gentamycin is added. Cycloheximide is used to 

inhibit the unwanted fungal organisms. 

 

2) Emmon’s modification of SDA or Neutral SDA. 

This is used for increasing the recovery of fungi by reducing the dextrose 

content and adjusting the pH close to neutral by using neopeptone instead of 

peptone.
2
 

 

 

-25- 



 

 

B. NUTRITIONALLY DEFICIENT MEDIA 

These are low in nutrients and hence suppress vegetative growth and 

stimulate sporulation in fungi. They are also used for the preservation of fungi as  

stock cultures. Commonly used  media for the morphological examination of 

the Candida species are 

 

1) Cornmeal agar (CMA) 

In 1931, Benham reported  the use of corn meal agar for stimulation of 

chlamydospore formation. Since then many modifications has increased the 

efficiency. The Dalmau plate culture on cornmeal agar is used to observe the 

chlamydospore  production in yeasts.  

 

This is done as follows:  

 

A suspected strain of Candida is grown on corn meal agar. A heavy 

inoculum of yeast is streaked across plate containing medium (ploughing) and 

coverslip is placed over it. The streak should project beyond coverslip. Incubate 

plates for 24 to 48 hours at 25°𝑐. Examine under low power at the edge of the 

coverslip. It is a junction of aerobic and anaerobic conditions. The chlamydospores 

are seen in maximum in this area. It shows formation of large, highly refractile, 

thick walled chlamydospores, which are seen in most of clinical isolates of Candida 

albicans  and  C.dubliensis.
2
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2) Rice starch agar.(RSA) 

The rice starch agar is used to produce chlamydospores of C.albicans faster 

as compared to cornmeal agar. 

C. ENRICHED AND SELECTIVE MEDIA 

 

1) Brain – Heart infusion Agar 

 The brain-heart infusion agar is used to grow fastidious pathogenic fungi 

such as Histoplasma capsulatum and Blastomyces dermatidis.
2 

 

2) Biphasic medium (BHI Agar and broth) 

 This is used to isolate fungi from blood cultures. The BHI broth is added to it  

aseptically to cover nearly 40% of agar in standing position. This medium can be 

used with or without antibiotics.
2
  

 

3) Cysteine – Heart and Hemoglobin agar 

This is used in place of brain-heart infusion agar. 

 

4) Bird Seed Agar or Staib agar or Niger seed agar 

 This is used in the diagnosis for primary isolation of Cryptococcus species. 

The organisms utilize creatinine as sole source of nitrogen. The colonies are brown 

in colour because phenol-oxidase produced by the organism oxidizes caffeic acid 

into melanin  in niger seed extract. It is also known as phenoloxidase test. 
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5) Sunflower seed agar (SSA) or Pals medium 

 This is used for the isolation of Cyrptococcus species similar to bird seed 

agar.  

6) Blood agar 

 This is used for the isolation of Histoplama capsulatum, Blastomyces  

dermatitidis and Cryptococcus species. 

 

7) Czapek – Dox Agar 

 This is used for identification of Aspergillus and Pencillium species.  

 

8) Malt extract medium 

 This is used for maintainence of fungi in mycology laboratory.
2 

 

9) Oat meal agar 

This enhances sporulation in many of phaeoid fungi. 

 

10) Potato Dextrose agar 

Potato Dextrose medium is mainly used for the stimulation of sporulation. It 

is also used for maintaining  stock cultures. It can also be used for differentiation of 

dermatophytes on the basis of pigment production. A luxuriant fungal growth is 

promoted by potato infusion and dextrose. It may be used for primary isolation of 

fungi from clinical specimens. Heating after adjusting pH should be avoided in this 

medium as it may hydrolyse the agar which can render it unable to solidify.
49
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D) MEDIA USED FOR BIOCHEMICAL TESTS 

1) Tetrazolium reduction medium 

 This is used to differentiate various Candida species. Tetrazolium is reduced 

in different gradients by various species of Candida. 

3) Carbohydrate Fermentation Media 

 Different sugars like dextrose, lactose, maltose, sucrose etc.. at a 

concentration of 2%  are added to peptone 1%, Nacl 0.5%, Anhydrates’ indicator 

0.005%  are used for the  identification of the fermentation of sugars by candida 

species.   

 

4) Carbohydrate assimilation media 

  Yeasts and yeast like fungi utilize specific carbohydrate substrates. The 

organisms are inoculated on carbohydrate free medium. Carbohydrate containing 

filter disks are added and utilization is determined by the presence of growth around 

disk. 

 

5) Urease medium 

  This is used to detect the ability of various yeasts to produce urease enzyme. 

In the presence of suitable substrates, urease splits urea producing ammonia, which 

raises pH and color changes from amber to pinkish red due to phenol red as the 

indicator. The test helps in the identification of basidiomycetous urease positive 

fungi like Cryptococcus, Trichosporon and Rhodotorula species from Geotrichum 

and Candida species, which are urease negative.
48 
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5) Rapid urease test 

This indicates urease production by Cryptococcus species. 

 

6) CHROMagar  Candida Medium 

 This is useful for the identification of Candida species as it is selective and 

differential chromogenic medium. From clinical specimens including stool, urine, 

respiratory, vaginal, oropharyngeal, and oesophageal sources, the morphology of 

the colony and colour are well defined when CHROMagar candida is used to isolate 

directly. 

 

7) Canavanine – Glycine – Bromothymol Blue Agar  

This is a significant tool for biotyping of various species of Cryptococcus. It 

is  used to differentiate Cryptococcus gatti from other species of this genus.  C.gatti 

is able to grow in the presence of L-canavanine and to assimilate glycine as sole 

source of carbon.This is the principle of the
 
test. 

MOLECULAR DIAGNOSTIC METHODS  

Newer molecular techniques are used for the diagnosis of keratitis such as 

polymerase chain reaction (PCR) recently. Polymerase chain reaction (PCR) is a 

rapid sensitive and specific test for the diagnosis of mycotic keratitis.  

  PCR is also time efficient. The time taken for PCR assay is 4-8 hours. The 

positive fungal cultures take 1–35 days
26

. PCR is a sophisticated, and an expensive 

method. It is not used as the standard clinical practice. It is used only in research 

purposes now for mycotic keratitis. 
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TREATMENT OF FUNGAL KERATITIS  

When the microscopic examinations of the corneal scrapings provides sure  

results that are correlating with the clinical picture then treatment should be 

immediately  initiated. Early diagnosis and proper treatment is crucial to recover 

from fungal keratitis. Treatment include following: 

  1. Topical / oral  antifungal medication  

2.  Surgical intervention.  

 

MEDICAL TREATMENT BY ANTIFUNGAL AGENTS 

1) Polyenes   

2) Azoles  

3) Pyrimidines 

 

MECHANISM OF ANTIFUNGAL AGENTS 

  Fungal cells share many biochemical targets with eukaryotic cells. 

Therefore, agents used for fungal targets should not be found in eukaryotic cells. 

The fungal cell wall is a unique organelle that 38ulfils the criteria for selective 

toxicity. The fungal cell wall differs greatly from the bacterial cell wall and is not 

affected by antibacterial cell wall inhibitors such as the β-lactams or vancomycin.
2
  

 

  Arrangement of the biomolecular components of the cell wall accounts for 

the individual  identity of the organism. Although, each organism has a different 

biochemical composition, their gross cell wall structure is similar. There are three 

general mechanisms of action for the antifungal agent.
2
  They are 
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1. Inhibition of cell wall formation  

2. Cell membrane disruption and 

3. Inhibition of cell division 

Inhibition of cell wall formation  

 Interference with fungal cell wall biosynthesis has not been as successful and 

effective as penicilins and cephalosporins against bacteria. Many chemicals have 

been discovered that interfere with various steps in fungal cell wall synthesis with 

excellent antifungal activity in vitro. Unfortunately, development of these agents 

into useful drugs has proven very difficult. Many of these agents are developed to 

target β-glucan synthesis. 

 

Cell membrane disruption  

 Antifungal agents that disrupt the cell membrane do so by targeting 

ergosterol, either by binding to the sterol, forming pores and causing the membrane 

to become leaky (as with polyene antifungals), or inhibiting ergosterol biosynthesis 

(as seen with azole antifungal agents)
2
. Ergosterol is similar to mammalian 

cholesterol, thus agents binding ergosterol may have a cytotoxic effect in the host 

tissue. Ergosterol has two conjugated double bonds that are lacking in mammalian 

sterols.  

 

Inhibition of cell division  

  Nucleoside antifungal agents affect cell division by targeting the 

microtubule effects in forming the mitotic spindle or by inhibiting DNA 

transcription.
2 
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 Advantages and Disadvantages of antifungal agents (Table 2)    

Drugs and their advantages Disadvantages 

1. Natamycin (Pimaricin) 

 a. It is commercially available as topical 

5% suspension for ophthalmic use in some 

countries, where it constitutes first-line 

therapy for mycotic keratitis.
2 

 b. Ophthalmic preparation is well-tolerated, 

stable and can be sterilized by heat. 

 c. Relatively high levels were reportedly 

achieved in cornea after topical application 

 

a. It is not commercially available as an 

ophthalmic preparation in many regions. 

 b.It is effective only when applied 

topically 

 c. Natamycin therapy may not be effective 

when keratitis is associated with deep 

stromal lesions  

d. Only about 2% of total drug in corneal 

tissue is bioavailable 

2. Amphotericin B 

 a.It has good in vitro activity against 

Aspergillus spp. and Candida spp, thus 

emergence of resistant mutants rare. 

 b. It can be administered by topical (0.15–

0.30% solution), intracameral (7.5–30 lg/0.1 

mL), intravenous (0.5–1 mg/kg BW/day) or 

intravitreal routes. 

 c. It penetrates deep corneal stroma after 

topical application.The bioavailability is 

sufficient for susceptible fungi and exerts 

direct fungicidal effect and exhibits 

 

a.Intravenous administration frequently 

causes renal damage, due to use of 

deoxycholate as vehicle.
2 

b. Subconjunctival injection causes marked 

tissue necrosis at the site of injection  

 c. Topical application of concentration > 

5.0 mg/mL may cause ocular irritation 

(solutions of 1.5–3.0 mg/mL are better 

tolerated)  

 d.It is not commercially available as 

topical ophthalmic preparation and needs to 
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immunoadjuvant properties.
2
 be reconstituted from powder or 

intravenous preparation 

 e. Poor intraocular penetration after 

intravenous administration 

3.Miconazole  

Reported routes of administration in 

mycotic keratitis: topical (1%), 

subconjunctival (10 mg/0.5 mL), 

intravenous (600–1,200 mg/day); topical 

and subconjunctival administration are 

generally well-tolerated 

 

a. Use of intravenous preparation 

occasionally associated with toxicity due to 

the vehicle used 

 b. Undetectable concentration of drug in 

rabbit corneas and vitreous after 

intravenous administration 

 c. Generally considered useful in 

Scedosporium apiospermum ocular 

infections, but treatment failures have 

occurred.
2 

4. Itraconazole 

 a.It is a synthetic dioxolane triazole 

 b.This is given by oral (200–400 mg/day) 

or topical (1% suspension) routes in 

ophthalmic mycoses. Oral solution and 

intravenous formulation recently developed; 

no reports of use in ophthalmic mycoses 

 c. Peak serum concentration 0.3 lg/mL after 

single oral dose of 200 mg can be increased 

 

a. Commercially available capsule (100 

mg) should be taken with meal. It is 

difficult to give in infants and children. 

 b.It  may be poorly absorbed after oral 

administration in certain groups of patients. 

Caution is needed in patients with previous 

hepatic disease. 

 c. Absorption after oral dose are affected 
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to 3.5 lg/mL after 200 mg/day orally for 14 

days. 

by antacids and H2 receptor antagonists 

may interact with other drugs. 

 d.It has poor penetration into rabbit ocular 

tissue, compared with fluconazole and 

ketoconazole, after oral dose. 

 e. Intravitreal injection (>10 µg) causes 

focal retinal necrosis in rabbits. 

 f. There is no commercially available 

solution of itraconazole for topical or 

subconjunctival administration.
2
 

5. Fluconazole 

 a.It is a synthetic bistriazole.It is soluble in 

water, hence excreted through kidney. A 

10–20% protein is bound in serum and has a 

long half-life. 

 b.It is given by oral (50–100 mg/day), 

topical (0.2 to 2% solution) or intravenous 

routes. 

 c.It has high bioavailability, low toxicity, 

good stability. 

 d.It is commercially available for oral and 

intravenous use. 

 

a.It may interact with cisapride, oral 

antidiabetic drugs and phenytoin after oral 

administration. 

 b. It is less active against Candida 

glabrata and Candida krusei than against 

C. albicans 

 c.It may not be effective in treatment of 

filamentous fungal keratitis. 
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6. Voriconazole  

 a.It has a potent activity against a broad 

spectrum of yeasts and moulds 

 b. Oral (200 mg twice daily), topical (1%), 

intravenous and intravitreal (100 μg/0.1 mL) 

routes of administration have all been 

described. 

 c. It achieves 53% and 38%, respectively of 

plasma levels in aqueous and vitreous 

following oral administration 

 d.It has been used successfully to treat 

keratitis. 

 

Voriconazole monotherapy may sometimes 

not effect cure; caspofungin may need to be 

added. 

SURGICAL TREATMENT FOR MYCOTIC KERATITIS 

 

Therapeutic surgery may be required for clinical cases of mycotic keratitis 

that respond poorly, or not at all, to medical therapy, or where perforation or 

descemetocele formation is imminent; however, every effort should be made to 

prolong medical therapy for the maximum duration possible, to render the infecting 

fungus non-viable before surgery and therein to improve the outcome.  

Surgical attempts to remove antigenic and infectious elements and also 

necrotic tissue and other debris, which may hinder complete healing of the lesion. 

Methods used include debridement, tarsorraphy or superficial (lamellar)  

keratectomy (in combination with antifungal therapy) for small, superficial  

ulcers.
4,6 

Conjunctival flap or penetrating keratoplasty for severe keratitis that is 

unresponsive to medical therapy or where serious complications supervene.  
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AIM OF THE STUDY 

 To identify and isolate the fungal agents in patients with clinically 

suspected mycotic keratitis in a tertiary care hospital, Chennai. 

  To perform antifungal susceptibility of obtained fungal isolates in 

patients with clinically suspected mycotic keratitis  
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MATERIALS AND METHODS 

Period of the study 

 This is a cross sectional study for the period of one year from October 2015 

to september 2016. 

 

Place of study 

 This study was conducted in Institute of Microbiology, Madras medical 

college and Regional institute of Ophthalmology – Government Ophthalmic 

Hospital, Chennai. 100 patients were enrolled in this study. 

 

Inclusion criteria 

Patients with clinically suspected mycotic keratitis above 18yrs of age 

attending  RIO-GOH, Chennai.  

 

Exclusion criteria  

Patients below 18 yrs of age.  

 

Ethical considerations 

Written consent to participate in the study were obtained from the patients, 

after  providing  full  details of the study in their own language. (Annexure III).  All 

the data  were collected and kept confidentially. This study was reviewed and 

approved by the Institutional Ethical Committee, Madras medical College & Rajiv 

Gandhi Government general Hospital,  Chennai – 3. (Annexure I) 
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Sample collection and processing:- 

Specimens were collected from patients of clinically suspected mycotic 

keratitis as per the proforma (Annexure II) . 

 

Specimen:- Corneal scrapingsS 

 

Patients were made to sit comfortably in front of the slit lamp. The affected 

eye was cleansed with sterile normal saline using sterile swabs. Purulent material 

was removed by a sterile cotton swab and discarded. Care must be taken to avoid 

contamination of specimen by the eyelids. Eye speculum was used whenever 

necessary.  

 

Corneal scrapings from patients with clinically suspected mycotic keratitis 

were obtained by Bard parker knife or Surgical blade no.15 from base to edge of 

ulcer as much as possible under aseptic precautions after instilling topical 

anaesthetic  4% xylocaine without preservative and waiting for 3-5 minutes for 

draining of the anaesthetic, under slit lamp examination by an ophthalmologist.  

 

Several scrapings were collected and used in a sequence to inoculate culture 

media and prepare smears. A set of blades was used for one patient. Smears of 

about 5-6 were made on clean microscopic slide according to the availability of the 

scraped material from the cornea. Corneal material was inoculated on culture plates 

in the form of multiple ‘C’s. 
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Processing:- 

 

 1. A portion of the corneal scraping was used for 10% KOH wet mount, to 

identify fungal elements.  

 

2. Other portion of scrapings was used for direct microscopic examination by 

subjecting it to Grams staining.  

 

 3. Remaining portion of scrapings was used for inoculation by ‘C’ streak 

technique on two Sabouraud’s Dextrose agar plate with Gentamycin 10µg/ml, 

without cycloheximide and kept at room temperature at 25°c and in incubator at 

37°c for, 4–6 weeks and observed daily. 

 

The fungal growth was usually observed within 3–4 days. Culture media was 

incubated for up to 4–6 weeks.
2
 Growth obtained was stained with lactophenol 

cotton blue and identified by it’s morphology. The characteristics considered for 

fungus identification were  

 

1. Macroscopic aspects like texture, colour, growth rate  

2. Microscopic aspects such as mycelium and conidium types, and 

relationship between them by lactophenol cotton blue staining. 

 

 In difficult, ambiguous cases where sporulation was inadequate, Riddle’s 

slide culture technique was performed. The  KOH positive results were compared 

with culture results for it’s consistency. 
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Failure of growth after six weeks was considered as negative for fungal 

growth and reported.
2 

 

 

KOH Wet Mount 

 

A clean glass slide was taken. The specimen was placed in the centre of the 

slide. A drop of 10%  KOH was added and a coverslip was placed over that and 

observed under the low and high power microscope. 

 

Gram staining procedure  

 

Thin smear of the specimen was prepared on a clean and sterile glass slide. 

Then the smear was fixed by heating over a Bunsen burner flame. The smear was 

flooded with 1% crystal violet for 1 minute and washed with distilled water. Then 

the smear was flooded with Gram’s iodine for 1 minute and washed with distilled 

water. This is then decolourized with acetone, washed with distilled water and 

finally counter stained with dilute carbol fuschin for 30 seconds. 

 

Lactophenol cotton blue stain 

The fungal growth was taken from Sabouraud’s Dextrose agar plate with 

spud and transferred onto the clean glass slide and 2 to 3 drops of Lactophenol 

cotton blue was added over the fungal growth. By using teasing needles the growth 

was spread over the slide and coverslip was placed without trapping any air 
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 bubbles. The morphology of hyphae, conidia were observed under 

microscope and was correlated with macroscopic features. 

Riddle’s Slide culture method 

 Fungal slide culture was performed in cases with doubtful morphology of the 

fungal organisms. This method was used to study the undisturbed morphological 

details of fungi particularly relationship between reproductive structures like 

conidia, conidiophores and hyphae.  

 

 A round piece of filter paper was placed on the bottom of a sterile petri dish. 

A pair of thin glass rods was placed on top of the filter paper to serve as support for 

the 3 inch x 1 inch glass microscope slide. 3 to 4 coverslips were placed within the 

petridish and sterilized as a whole. 

 

 1cm x 1cm square block of Sabouraud Dextrose Agar was cut from a 

petridish by using sterile scalpel and transferred to the microscope slide. Four sides 

of the agar block were inoculated with the fungal colony which is to be studied by 

using heavy 24 gauge nichrome wire. The agar block was covered with sterile 

coverslip in the petridish. Moisten the filter paper with sterile water and place the 

lid on the petridish. 

 

 The petridish was incubated at room temperature and examined periodically 

for the growth. When the growth appeared to be mature, the coverslip was gently 

lifted from the surface of the agar with a pair of forceps taking care not to disturb 

the mycelium adhering to the bottom of the coverslip. 
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 The coverslip was placed on a small drop of Lactophenol cotton blue on a second 

glass slide. Likewise, the mycelium adhering to the surface of the original glass 

slide  after the block was removed, was also stained with lactophenol cotton blue 

and a fresh coverslip was overlaid. 

 

  The characteristic shape and arrangement of hyphae, conidia  were observed 

microscopically. The mycelia which adhere to the glass surface usually show 

characteristic microscopic appearance which may be lost if needles are used to 

tease, as it happens in the routine lactophenol cotton blue mounts. The slide culture 

may also be seen directly by placing under the low power of the microscope. 

 

Cellophane tape method: 

 

  The cellophane tape preparation has come into greater use to overcome the 

obstacles of time consumption and requirement of extra equipment to prepare the 

slide culture. A piece of tape is gently laid over a portion of the fungal colony and 

slowly lifted to remove an area of the colony and placed on a microscope slide  with 

a drop of Lactophenol cotton blue stain and examined under the low power 

objective of the microscope. The preparation becomes an instant slide culture, 

revealing relationship of the various fungal structures. 

 

ANTIFUNGAL SUSCEPTIBILITY TEST  

 

All isolates were subjected to antifungal susceptibility tests by micro broth 

dilution technique as per New mould method, CLSI M38-A2.
47 
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Source of the antifungal agents 

 

Antifungal powders, Amphotericin B, Itraconazole, Voriconazole and 

Fluconazole were obtained commercially from the manufacturer (Himedia). Their 

assay potency were 750mcg/mg each. The powders were stored as recommended by 

the manufacturers, or at -20 °C or below.   

 

Weight of Antifungal Powders   

 

All antifungal agents were assayed for standard units of activity. 

Volume 10 (ml) x Concentration (µg/ml) 

Weight (mg)   =           --------------------------------------------------------           (1) 

     Assay potency (µg/mg) 

 

 

    Weight (mg) x Assay potency (µg/mg) 

Volume (ml)   =         -------------------------------------------------------            (2)  

                Concentration (µg/ml) 

 

 

 The antifungal powder was weighed on an analytical balance, in excess of 

that required. For water insoluble drug like Amphotericin B, Itraconazole, 

voriconazole, target volume 10ml Stock solution was prepared containing 1600 µg 

of antifungal agent per mL with potency of 750 µg/mg. The formula used to 

establish the weight of powder was 
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10ml x 1600 µg/ml   

 Weight of the drug  =  ----------------------------------   =  21.33 mg/10ml 

          750 µg/ml 

 

 

  For water soluble drugs like Fluconazole, target volume 10ml Stock solution 

was prepared containing 5120µg of antifungal agent per mL with antifungal powder 

that has a potency of 750 µg/mg, the weight of the drug was calculated as 

 

    10ml x 5120 µg/ml 

Weight of the drug =     -------------------------------- = 68.2 mg/10ml 

          750 µg/ml 

 

 

Preparation of Stock Solutions   

 

 For water soluble drug, Fluconazole, the stock solutions was prepared at 

concentrations of at least 5120µg/mL or ten times the highest concentration to be 

tested, whichever is greater.  Information provided by the drug manufacturer was 

considered as part of determining solubility. 

 

  Drugs like Amphotericin, voriconazole, and itraconazole, which were not 

soluble in water were dissolved in  dimethyl sulfoxide (DMSO). Drugs were 

dissolved at concentrations at least 100 times higher than the highest desired test 

concentration. A series of dilutions at 100 times the final concentration was 

prepared from the antifungal stock solution in the same solvent.  Each intermediate 

solution was then  further diluted to final strength in the test medium to avoid 

dilution artifacts that result from precipitation of compounds with low solubility in 

aqueous media.  
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Storage   

 Small volumes of the sterile stock solutions were dispensed into sterile  

polypropylene or polyethylene vials. Vials were used as needed and within the 

same day. Any unused drug was discarded at the end of the day. Stock solutions 

were stored at -60 °C or below. In all cases, any directions provided by the drug 

manufacturer were considered as a part of the general recommendations.  

 

 Number of Concentrations Tested   

 

 The concentrations tested included the breakpoint concentrations and the 

expected results for the quality control strains.  Based on previous studies, the 

following drug concentration ranges were used: amphotericin B, 0.0313 to 16 

µg/mL, fluconazole 0.125 to 64 µg/mL; voriconazole 0.0313 to 16 µg/mL; 

itraconazole, 0.0313 to 16 µg/Ml 

 

 Preparation of Diluted Antifungal Agents   

 

The steps for preparation and storage of diluted antifungal agents were as follows:   

(1) Sterile, 12mm x 75mm plastic test tubes to prepare drug dilutions and 

sterile, disposable, multiwell microdilution plates (96 U shaped wells) 

to perform the tests were used. 

 

-46- 



 

(2) Growth control containing RPMI 1640 medium without antifungal 

agents, but with appropriate solvent where necessary, for each organism 

tested were used.  

 

(3) The tubes were closed with loose plastic caps.   

 

 

Water-Soluble Antifungal Agents (Table 3)  

 When twofold dilutions of a water-soluble antifungal agents were used, they 

were prepared volumetrically in broth.  The procedure for antifungals that are not 

soluble in water was different from that for water-soluble agents. The total volume 

of each dilution to be prepared depends on the number of tests to be performed. 

 

  As 0.1 ml of each antifungal drug dilution was used for each drug 1ml was 

adequate for 8 tests (one microdilution tray), allowing for pipetting. A single pipette 

was used for measuring all diluents and then for adding the stock antifungal 

solution to the first tube.  A separate pipette was used for each remaining dilution in 

that set.   

 

Water-Insoluble Antifungal Agents (Table 4)   

 

 For antifungal agents that cannot be prepared as stock solutions in water, 

such as Amphotericin B, Itraconazole, and Voriconazole, a dilution series of the 

agent was prepared first at 100x final strength in an appropriate solvent.  Each of 

these nonaqueous solutions was diluted 1:50 in RPMI 1640 broth.  
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  A dilution series with final concentrations in the range 16 µg/mL to 0.0313 

µg/mL was desired, and so, a concentration series from 1,600 to 3.13 µg/mL was 

prepared first in DMSO. Diluted antifungal agent, 5-mL volume was prepared by 

first pipetting 4.9-mL volumes of RPMI 1640 broth into each of 10 sterile test 

tubes. Then using a single pipette,  0.1 mL of DMSO alone was added to one 4.9-

mL lot of broth (control medium), then 0.1 mL of the lowest (3.13 µg/mL) drug 

concentration in DMSO, then 0.1 mL of the 6.25-µg/mL concentration and 

continued  in sequence up the concentration series, each time adding 0.1-mL 

volumes to 4.9 mL broth.  Because there will be a 1:2 dilution of the drugs when 

combined with the inoculum, the working antifungal solutions were twofold more 

concentrated than the final concentrations. 
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Scheme for preparing Dilutions of Water soluble Antifungal Agents to be used in Broth dilution susceptibility test  (Table 3) 

Drug starting 

concentration(mcg/ml) 
5120 2 

4 

160 

8 

 
16 

32 

20 

64 

 
128 

256 

2.5 
511 Remarks 

Tube# 

Tube1 

(stock) 

(100x) 

2x 4x 2x 4x 8x 2x 4x 8x 2x 

 
Tube 2 Tube 3 Tube 4 Tube 5 Tube 6 Tube 7 Tube 8 Tube9 

Tube 

10 

Source 

Add Drug amount (ml) 

From 

stock 

(mcg/ml) 

1.0 

From 

Tube1 

1.0+ 

From 

Tube1 

1.0 

+ 

From 

Tube3 

1.0 

+ 

From 

Tube3 

0.5 

+ 

From 

Tube3 

0.5 

+ 

From 

Tube6 

1.0 

+ 

From 

Tube6 

0.5 

+ 

From 

Tube6 

0.5 

+ 

From 

Tube9 

1.0 

+ 

Step 1 

Row 1 

Add RPMI (ml) 
 

7.0 

 

1.0 

 

3.0 

 

1.0 

 

1.5 

 

3.5 

 

1.0 

 

1.5 

 

3.5 

 

1.0  

Intermediate 

Drug 

Concentration(mcg/ml) 

640 320 160 80 40 20 10 5.0 2.5 1.25  

Add Drug from Tube 

Row 1 Above (ml) + 
1.0+ 1.0+ 1.0+ 1.0+ 1.0+ 1.0+ 1.0+ 1.0+ 1.0+ 1.0+ 

Step 2 

Row 2 

5x (1:4) 

RPMI 1640 (ml) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0  

Final concentration at 

1:5(mcg/ml) 
128 64 32 16 8 4 2 1 0.5 0.25 2x 

Fro Row 2 add Drug to 

Micro titer plate (ml) 
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 Step 3 (1:1) 

Add inoculums to plate 

(ml) 
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Step 4 

T.vol 0.2ml 

Final drug conc in well 

at1:100 ( mcg/ml) 
64 32 16 8 4 2 1 0.5 0.25 0.125  
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Scheme for preparing Dilutions of Water Insoluble Antifungal Agents to be used in Broth dilution susceptibility test (Table 4) 

Drug starting 

concentration 
1600 2 

4 

 

8 

200 
16 32 

64 

25 
128 256 511 Remarks 

Tube# 

Tube1 

(stock) 

(100x) 

2x 4x 8x 2x 4x 8x 2x 4x 8x 

 
Tube 2 Tube 3 Tube 4 Tube 5 Tube 6 

Tube 

7 
Tube 8 Tube 9 

Tube 

10 

Source 

Add Drug amount (ml) 

From 

Tube1 

(mcg/ml

) 

From 

Tube1 

0.5+ 

From 

Tube1 

0.5 

+ 

From 

Tube1 

0.5 

+ 

From 

Tube4 

0.5 

+ 

From 

Tube4 

0.5 

+ 

From 

Tube4 

0.5 

+ 

From 

Tube7 

0.5 

+ 

From 

Tube7 

0.5 

+ 

From 

Tube7 

0.5 

+ 

Step 1 

Row 1 

Add DMSO (ml) 
  

0.5 

 

1.5 

 

3.5 
 

0.5 

 

1.5 

 

3.5 

 

0.5 

 

1.5 

 

3.5  

Intermediate 

Drug 

Concentration(mcg/ml) 

1600 800 400 200 100 50 25 12.5 6.25 3.13  

Add Drug from Tube 

Row 1 Above (ml) + 
0.1 

+ 

0.1 

+ 

0.1 

+ 

0.1 

+ 

0.1 

+ 

0.1 

+ 

0.1 

+ 

0.1 

+ 

0.1 

+ 

0.1 

+ 

Step 2 

Row 2 

(1:50) 

RPMI 1640 (ml) 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9  

Final concentration at 

1:50(mcg/ml) 
32 16 8 4 2 1 0.5 0.25 0.125 0.0625 (2x) 

From Row 2 add Drug 

to Micro titer plate (ml) 
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Step 3 

(1:1) 

Add inoculums to plate 

(ml) 
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Step 4 

T.vol 0.2ml 

Final drug conc in well 

at1:100 ( mcg/ml) 
16 8 4 2 1 0.5 0.25 0.125 0.0625 0.0313  
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Preparation of the Inoculum  

 

 

 Conidial suspension was prepared by spectrophotometric procedure and should 

range approximately  0.4 x 10
4  

x  5 x10
4
 CFU/ml. To induce conidium formation, 

Aspergillus were grown on potato dextrose agar for 7 days at 35°c. Fusarium species 

were incubated for 18 to  72 hrs at 35°c for 4 days and then until day 7 at 25°c  to 28°c. 

Seven day old colonies were covered with 1ml of sterile 0.85% saline. The conidial 

suspension was withdrawn and transferred to a sterile tube. Heavy particles were allowed 

to settle.  

 

 The upper homogenous suspension was mixed with a vortex mixer for 15 

seconds. The guideline had provided target percent transmission (%T) readings at 530nm 

based on conidial size that were listed by species. Isolates from the genera of  

Aspergillus  sp. were measured at 80–82%T (0.45 – 0.55), while species with larger 

conidia such as  Fusarium  sp, were standardized to 68–70%T (0.85 – 0.95) and for 

curvularia sp. are standardised to (0.25- 0.30) . Then, they were diluted 1:50 in the 

standard medium.  

 

The broth microdilution test was performed by using sterile, disposable, multiwell 

microdilution plates (96 U-shaped wells). The 2x drug concentrations were dispensed 

into the wells of Rows 1 to 10 of the microdilution plates in 100-µL volumes with a 

multichannel pipette.  Row 1 contained the highest (either 64 or 16 µg/mL) drug 

concentration, and Row 10 contained the lowest drug concentration (either 0.12 or 0.03 



 

µg/mL).  These trays were sealed in plastic bags and stored frozen at -70 °C for up to six 

months without deterioration of drug potency.  Each well of a microdilution tray was 

inoculated on the day of the test with 100 µL of the corresponding  2x diluted inoculum  

suspension, which brought the drug dilutions and inoculum densities to the final 

concentrations mentioned above. The growth control wells contained 100 µL of sterile, 

drug-free medium and were inoculated with 100 µL of the corresponding diluted (2x) 

inoculum suspensions.  

 

 The QC organism Aspergillus flavus 204304  was tested in the same manner and 

were included each time an isolate was tested.  Row 12 of the microdilution plate was 

used to perform the sterility control. (drug-free medium only).   

 

 

Interpretation of the results 

 

 

The microdilution plates were  incubated at 35 °C and observed for the presence or 

absence of visible growth. The microdilution wells were scored with the aid of a reading 

mirror. The growth in each well was compared with that of the growth control well.  A 

numerical score, which ranged from 0 to 4, was given to each well using the following 

scale: 

 0 - Optically clear  

1 -  Slightly hazy 

 2 - Prominent decrease in turbidity 

3 - Slight reduction in turbidity and 



 

 4 - No reduction of turbidity. 

 

  The MIC for amphotericin B was interpreted as the lowest concentration in 

which a score of 0 (optically clear) observed and, for the azoles, as the lowest 

concentration in which a score of 2 (prominent decrease in turbidity) was observed.  A 

prominent decrease in turbidity corresponded to approximately 50% inhibition in 

growth. The risk of substantial spatter or aerosolization, was avoided by performing the 

test in biological safety cabinet.
47 
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RESULTS 

In this study, among 100 cases of clinically suspected mycotic keratitis patients , 

35 (35%)  were culture positive. The cases were analysed for the following parameters in 

the patients with mycotic keratitis.  

 

 Age and gender distribution in patients with mycotic keratitis ( Table 5 ) 

Age (yrs) Males 

(n=26) 

 

Males 

(%) 

Females 

(n=9) 

Females  

(%) 

Total no.of 

patients 

(n=35) 

Total 

percentage 

(%) 

18-20  4 15.38 1 11.11 5 14.29 

21-30  2 7.69 0 0 2 5.71 

31-40  2 7.69 1 11.11 3 8.57 

41-50  13 50 2 22.22 15 42.86 

51-60  1 3.85 2 22.22 3 8.57 

61-70  1 3.85 3 33.34 4 11.43 

71-80  2 7.69 0 0 2 5.71 

81-90  1 3.85 0 0 1 2.86 

Total  26 74.3 9 25.7 35 100 
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Age and gender distribution in patients with mycotic keratitis (Fig 2) 

 

 

The age and gender distribution in patients with mycotic keratitis was analysed. 

 

26 (74.3%) out of the 35 patients were males. 9(25.7%) out of 35 patients were 

females. 15 (43%) out of 35 patients were in 41 – 50 years of age group in both males 

and females.  (Table 5 : Fig 2).  
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Age and  gender distribution in patients with mycotic keratitis 

Total 35

Males

Females



 

Distribution of mycotic keratitis in rural and urban areas (Table 6) 
  

Residing areas of the 

patients 

No. of patients with 

mycotic keratitis (n=35) 

Percentage (%) 

Rural 23 66 

Urban 12 34 

Total 35 100 

 

           Distribution of mycotic keratitis in rural and urban areas (Fig 3)   

 

In this study, mycotic keratitis was observed in 23 (66%) out of 35 patients with mycotic 

keratitis in rural areas and in urban areas, to be 12 (34%) out of 35 (Table 6 & Fig 3). 
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66%

34%

Total 35 

Rural

Urban



 

Various occupations associated with mycotic keratitis (Table 7)  

Occupation  No. of patients (n=35) Percentage (%) 

Agriculturists 19 54.29 

Coolie  5 14.28 

Housewife 3 8.57 

Milkman  2 5.71 

Shopkeeper 2 5.71 

Clerk  1 2.86 

Lathe worker  1 2.86 

Tea maker  1 2.86 

Medical representative 1 2.86 

Total  35 100 

Various occupations associated with mycotic keratitis (Fig 4 ) 

 

 Agriculturists 19 (54.29%) out of 35 were the predominant among various 

occupations  associated with mycotic keratitis followed by coolie 5(14.28%) out of 35. 
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Factors associated with mycotic keratitis (Table 8) 

Associated factors No. of patients ( n=35) Percentage (%) 

Ocular trauma 31 88.57 

Diabetes mellitus 11 31.43 

Nasolacrimal duct blockade 2 5.71 

Allergic conjunctivitis 1 2.86 

Previous cataract surgery 1 2.86 

 Factors associated with mycotic keratitis (Fig 5) 

 

When analysing the factors associated with mycotic keratitis, ocular trauma was the 

predominant cause in 31(88.37%) out  of 35 followed by diabetes 11(31.43%) out of  

ther factors are Nasolacrimal duct blockade and Allergic conjunctivitis in 2 (5.71%) out 

of 35 each and history of previous cataract surgery in 1(2.86%) out of 35 patients. (Table 

8 & Fig 5) 
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Traumatic agents associated with mycotic keratitis (Table 8A)  

 

Traumatic agents associated with mycotic keratitis (Fig 6) 

 

In analysing the contribution of different trauma factors in mycotic keratitis, 

trauma with  vegetable matter like leaf, hay, stem of  the plant were predominantly 

implicated in 24( 68.5%) of cases.( Table 8A & Fig 6). Other traumatic factors 

associated with mycotic keratitis were cow’s tail, nail, ash, stone, and iron piece. 
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Vegetable matter-leaf

Vegetable matter-hay

Vegetable matter-stem

Cow's tail

Iron piece

Nail

stone

Ash
Traumatic agents associated with mycotic keratitis (n=31) 

Traumatic agents No. of patients with 

mycotic keratitis (n=31) 

Percentage (%) 

Vegetable matter-leaf 13 

24 

 

68.5 Vegetable matter-hay 6 

Vegetable matter-stem 5 

Cow's tail 2 6.4 

Iron piece 2 6.4 

Nail 1 3.2 

Stone 1 3.2 

Ash 1 3.2 

Total 31 100 



 

Distribution of various fungal species in mycotic keratitis (Table 9) 

Isolates Total (%) Males (%) Females (%) 

A.fumigatus  14 (40) 11 (42.31) 3 (33.34) 

Fusarium spp.  6 (17.15) 5 (19.23) 1 (11.11) 

A.niger  5 (14.28) 3 (11.54) 2 (22.22) 

A.terreus  4 (11.43) 4 (15.38) 0 

A.flavus  3 (8.57) 1 (3.85) 2 (22.22) 

Curvularia spp.  3 (8.57) 2 (7.69) 1 (11.11) 

Total  35 (100) 26 (74.3) 9 (25.7) 

Distribution of various fungal species in mycotic keratitis (Fig 7) 

 

Majority of aetiological agents were of Aspergillus species. 14 (40%) out of 35 

cases were of Aspergillus fumigatus (Table 9). The next common agent was Fusarium 

species 6 (17.15 %)  out of 35, followed by Aspergillus niger 5(14.2 %) out of 35; 

Aspergillus terreus 4(11.4 %) out of 35; Aspergillus flavus and Curvularia spp., each 3 

(8.57%) out of 35 (Table 9 & Fig 7) 

 

 

14

6

5

4

3
3

Total 35

Aspergillus fumigatus

Fusarium Spp.

Aspergillus niger

Aspergillus terreus

Aspergillus flavus

Curvularia spp.
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Correlation of KOH mount and culture positivity for fungus (Table 10) 

 KOH Fungal culture 

Negative 

Fungal culture 

Positive 

Culture positivity 

(percentage) 

 

47 (Positive) 15 32 68% 

53 (Negative ) 50 3 5.6% 

 

The 10% potassium hydroxide  mount preparation used as screening test for rapid 

diagnosis of mycotic keratitis showed   

Sensitivity of the KOH preparation   = 91.4% 

Specificity of the KOH preparation     = 76.9%  

Positive predictive value of the KOH preparation   = 68% 

Negative predictive value of the KOH preparation = 78.5%. 
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The MIC for Amphotericin B for fungal isolates (n=35) (Table 11) 

Fungal isolates  0.0313

µg/ml 

0.062µ

g/ml 

0.125µg/ml 0.25µg/ml 0.50µg/ml 1.0µg/ml 2.0µg/ml 4.0µg/ml 8.0µg/ml 16µg/ml 

A.fumigatus - 1 1 1 3 5 3 - - - 

A.flavus - - - - 1 1 1 - - - 

A.terreus - - - - 1 1 1 - - 1 

A.niger - - 1 1 1 1 1 - - - 

Fusarium sp. - - - 1 1 2 1 - - 1 

Curvularia lunata - - - - 1 1 1 - - - 

Total (35) - 1 2 3 8 11 8 - - 2 

 

33(94.2%) out of 35 fungal isolates showed MIC≤2µg/ml for Amphotericin B. 
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The MIC for Voriconazole for the fungal isolates (n=35) (Table 12) 

Fungal 

isolates 

0.0313µ

g/ml 

0.06

2µg/

ml 

0.125µg/ml 0.25µg/ml 0.50µg/ml 1.0µg/ml 2.0µg/ml 4.0µg/ml 8.0µg/ml 16µg/ml 

A.fumigatus - 1 2 2 2 4 3 - - - 

A.flavus - - - - 1 1 1 - - - 

A.terreus - - - - 1 1 1 - 1 - 

A.niger - - - 1 1 2 - 1 - - 

Fusarium sp. - - - 1 1 2 1 1 - - 

Curvularia - - - 1 - - 1 - 1 - 

Total (35) - 1 2 5 6 10 7 2 2 - 

 

31(88.5%) out of 35 fungal isolates showed MIC≤2µg/ml for Voriconazole. 
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The MIC for Itraconazole for fungal isolates (n=35) (Table 13) 

 

Fungal 

isolates 

0.0313

µg/ml 

0.062 

µg/ml 

0.125µg/ml 0.25µg/ml 0.50µg/ml 1.0µg/ml 2.0µg/ml 4.0µg/ml 8.0µg/ml 16µg/ml 

A.fumigatus 1 1 1 2 2 1 3 2 1 - 

A.flavus - - 1 1 1 - - - - - 

A.terreus - - - - 2 1 1 - - - 

A.niger - - 1 1 1 1 1 - - - 

Fusarium sp. - - 1 1 1 1 1 1 - - 

Curvularia - - - - 1 1 - - - 1 

Total (35) 1 1 4 5 8 5 6 3 1 1 

 

23(66%) out of 35 fungal isolates showed MIC≤2µg/ml for Itraconazole. 
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The MIC for Fluconazole for fungal isolates. (n=35) (Table 14) 

Fungal isolates 0.125 

µg/ml 

0.25 

µg/ml 

0.50 

µg/ml 

1.0 

µg/ml 

2.0 

µg/ml 

4.0 

µg/ml 

8.0 

µg/ml 

16 

µg/ml 

32 

µg/ml 

64 

µg/ml 

A.fumigatus - - - 1 2 2 2 3 2 2 

A.flavus - - - - - - 1 1 1 - 

A.terreus - - - - - 1 - 1 2 - 

A.niger - - - - - 1 1 3 - - 

Fusarium sp. - - - - - 2 2 1 1 - 

Curvularia - - 1 - 1  - 1 - - 

Total (35) - - 1 1 3 6 6 9 6 2 

25 (71.3 %) out of 35 fungal isolates showed MIC ≥ 2µg/ml for Fluconazole. Only, 10 (28.5%) out of  35 fungal isolates showed MIC < 

2µg/ml for Fluconazole. In them 3 (21.4%) out of 14 Aspergillus fumigatus  isolates showed MIC < 2µg/ml for Fluconazole.  11 ( 

78.5% ) out of 14 Aspergillus fumigatus isolates showed MIC ≥ 2µg/ml and 3 ( 100% )  out of  3 Aspergillus flavus isolates showed 

MIC ≥ 2µg/ml for Fluconazole.  

4 (100%) out of 4 Aspergillus terreus isolates showed MIC ≥ 2µg/ml; 5 (100%) out of 5 Aspergillus niger isolates showed MIC ≥ 

2µg/ml; 6 (100%) out of 6 Fusarium isolates showed MIC ≥ 2µg/ml for Fluconazole. One (33.3%) out of three Curvularia spp. showed 

MIC ≥ 2µg/ml for Fluconazole. 
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The MIC for Amphotericin B, Voriconazole and Itraconazole  for Aspergillus fumigates.  (n=14) (Table 15) 

Antifungal Drugs 0.0313 

µg/ml 

0.062 

µg/ml 

0.125 

µg/ml 

0.25 

µg/ml 

0.50 

µgml 

1.0 

µg/ml 

2.0 

µg/ml 

4.0 

µg/ml 

8.0 

µg/ml 

16 

µg/ml 

Amphotericin B - 1 1 1 3 5 3 - - - 

Voriconazole - 1 2 2 2 4 3 - - - 

Itraconazole 1 1 1 2 2 1 3 2 1  

 

It was noted that the MIC for Amphotericin B, and  voriconazole were ≤2µg/ml for 11 (79%) out of 14 of the Aspergillus fumigatus  

isolates. Tne MIC for Itraconazole were ≥2µg/ml for 3 (21%) out of 14 Aspergillus fumigatus  isolates. 
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The MIC for Amphotericin B, Voriconazole, and Itraconazole for Fusarium spp. (n=6) (Table 16) 

 

Antifungal Drugs 0.0313 

µg/ml 

0.062 

µg/ml 

0.125 

µg/ml 

0.25 

µg/ml 

0.50 

µg/ml 

1.0 

µg/ml 

2.0 

µg/ml 

4.0 

µg/ml 

8.0 

µg/ml 

16 

µg/ml 

Amphotericin B - - - 1 1 2 1 - - 1 

Voriconazole - - - 1 1 2 1 1 - - 

Itraconazole - - 1 1 1 1 1 1 - - 

 

It was noted that the MIC for Amphotericin B, Voriconazole, and  Itraconazole were ≤2µg/ml for 5 (83.3%) out of 6 Fusarium isolates. 
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The MIC for Amphotericin B, Voriconazole and Itraconazole for Aspergillus niger. (n=5) (Table 17) 

 

Antifungal Drugs 0.0313 

µg/ml 

0.062 

µg/ml 

0.125 

µg/ml 

0.25 

µg/ml 

0.50 

µg/ml 

1.0 

µg/ml 

2.0 

µg/ml 

4.0 

µg/ml 

8.0 

µg/ml 

16 

µg/ml 

Amphotericin B - - 1 1 1 1 1 - - - 

Voriconazole - - - 1 1 2 - 1 - - 

Itraconazole - - 1 1 1 1 1 - - - 

- 

It was noted that. the MIC for Amphotericin B, and  Itraconazole were ≤2µg/ml for 5 (100%) out of 5 the Aspergillus niger isolates. The 

MIC for Voriconazole were ≤2µg/ml for 4 (80%) out of 5  Aspergillus niger isolates. One (20%) out of 5 isolate showed MIC ≥ 2µg/ml 

for Voriconazole. 
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The MIC for Amphotericin B, Voriconazole and Itraconazole for Aspergillus terreus. (n=4) (Table 18) 

Antifungal 

Drugs 

0.0313 

µg/ml 

0.062 

µg/ml 

0.125 

µg/ml 

0.25 

µg/ml 

0.50 

µg/ml 

1.0 

µg/ml 

2.0 

µg/ml 

4.0 

µg/ml 

8.0 

µg/ml 

16 

µg/ml 

Amphotericin B - - - - 1 1 1 - - 1 

Voriconazole - - - - 1 1 1 - 1 - 

Itraconazole - - - - 2 1 1 - - - 

 

It was noted that the MIC for Amphotericin B, and  voriconazole were ≤2µg/ml for 3 (75%) out of 4 for the Aspergillus terreus isolates. 

The MIC for Itraconazole were ≤2µg/ml for 4 (100%) out of 4 Aspergillus terreus isolates. 
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The MIC for Amphotericin B, Voriconazole and Itraconazole for Aspergillus flavus.  (n=3) (Table 19) 

 

AntifungalDrugs 0.0313 

µg/ml 

0.062 

µg/ml 

0.125 

µg/ml 

0.25 

µg/ml 

0.50 

µg/ml 

1.0 

µg/ml 

2.0 

µg/ml 

4.0 

µg/ml 

8.0 

µg/ml 

16 

µg/ml 

Amphotericin B - - - - 1 1 1 - - - 

Voriconazole - - - - 1 1 1 - - - 

Itraconazole - - 1 1 1 - - - - - 

 

It was noted that the MIC for  Amphotericin B, Voriconazole, and  Itraconazole were ≤2µg/ml for 3 (100%) out of 3 Aspergillus flavus 

isolates. 
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The MIC for Amphotericin B, Voriconazole and Itraconazole for Curvularia spp.  (n=3) (Table 20) 

Drugs 0.0313 

µg/ml 

0.062 

µg/ml 

0.125 

µg/ml 

0.25 

µg/ml 

0.50 

µg/ml 

1.0 

µg/ml 

2.0 

µg/ml 

4.0 

µg/ml 

8.0 

µg/ml 

16 

µg/ml 

Amphotericin B - - - - 1 1 1 - - - 

Voriconazole - - - 1 - - 1 - 1 - 

Itraconazole - - - - 1 1 - -  1 

 

It was noted that the MIC for Itraconazole and  voriconazole were ≤2µg/ml for 2 (67%) out of 3 Curvularia species. The MIC for 

Amphotericin B were ≤2µg/ml for 3 (100%) out of  3 Curvularia species 
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DISCUSSION 

 The important cause of unilateral blindness has been recognised as mycotic 

keratitis especially in the tropical and subtropical zone. The treatment of mycotic 

keratitis remains unsatisfactory and largely empirical. A marked inter-regional variation 

is observed in the causative spectrum of this condition. Data from the few studies
19-24

 

from various places provide  insufficient basis for a correct and definitive diagnosis. 

 

  Saha and Das et al in 2006, reported that the most affected age group was 31 to 

40 and men were involved more than women.
50

 They also inferred that the highest 

incidence coincides with the period of maximum activity.
50

 In this study, patients with 

the age group between 41 – 50 years (43%) were commonly affected.  Male 

preponderence was seen in this study of mycotic keratitis (74.3%). 

 

  There is considerable overlap in the clinical presentations of bacterial, fungal and 

protozoal corneal infections, resulting in the selection of multiple drug regimens. This  

causes  a delay in diagnosis and management.
19,23

 The usual presentation of the patients 

with mycotic keratitis will be either administration of antibiotics and steroids or 

misdiagnosis. Even though a growing number of fungal genera and species have been 

found to cause fungal keratitis, a repeatedly small number with often predictable risk 

factors are associated with most cases.
25 

Fungal genera have been classified as hyaline  filamentous, dematiaceous, yeasts 

and zygomycetes, thermally dimorphic and fungi with uncertain classification on a 

simplistic  
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basis.
26  

Fungal infections of the cornea are frequently caused by species of 

Aspergillus, Fusarium, Candida and Curvularia.
25,26

 The filamentous and dematiaceous 

fungi are particularly common in the tropical zones, while identification of yeast group 

of fungi is frequently reported in the cooler temperate zones.
27 

 

Fungal keratitis from different parts of the world show a variable quantum of 

infection. It accounts for 6 – 56% of all investigative cases of ulcerative keratitis on 

hospital based reports.
28

 A study from South India by Venugopal et al 1989 have denoted 

Aspergillus flavus as the common pathogen causing mycotic keratitis.
46

 Studies from 

South India also have stressed the high incidence of filamentous fungal keratitis with 

Fusarium as the most commonly reported genus.
19,23 

 

This view is correlated by studies from tropical and subtropical climate zones 

such as Singapore, Nigeria, Ghana, China and Paraguay.
29-33 

But, similar studies in 

Srilanka, Bangladesh and Nepal
22,24,34  

report a much higher incidence of Aspergillus 

infections. A study in Northern India on fungal keratitis patients in paediatric age group 

sited an incidence of 40% for Aspergillus as opposed to 10.7% for Fusarium 

infections.
21

 The latter demonstrated near equal pathogenicity with Alternaria (10.2%), 

Curvularia (7.4%) and Penicillium (7%). The picture contrasts from reports in the cooler 

temperate parts of the world where fungal infections are largely caused by the Candida 

species. A study at Moorfields Hospital, London implicated Candida in nearly 61% 

reviewed cases of fungal keratitis.
27 
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 This study from Southern India is similar in the reported spectrum of fungal 

aetiology from this geographical zone, highlighting a significantly higher incidence of 

Aspergillus infections (74%) followed by Fusarium sp. (17%)  and curvularia (9%) and 

reporting negligible candida infectivity (0%)
23. 

Fungal species, which are most 

commonly isolated from corneal ulcers are also commonly isolated from normal eyes 

and are prevalent in the atmosphere.
35 

 

 
In a comparative study, fungi were isolated from the normal conjunctival flora of 

77% agricultural workers and only 15% of city dwellers.
36

  This  shows the special risk 

of rural workers to ocular mycosis. In this study, 66% of patients affected by mycotic 

keratitis are from rural areas (Table 6) and 54.29% of patients with mycotic keratitis are 

agricultural workers. (Table 7) 

 

 

The importance of filamentous fungal agents in the aetio - pathogenesis of fungal 

keratitis in tropical and subtropical world has been implicated in most 

studies.
19,20.21,23 

 This study indicates 35% fungal keratitis cases to be caused by 

filamentous fungi.(Table 9)  

 

 

Fungi, rarely infecting healthy and intact ocular tissue are opportunistic in eye,  it 

is understandable that a traumatic abrasion or an immunocompromised status is a 

predisposing factor  for this infection. 
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In this study, trauma with vegetative matter was the predominating cause in 69% 

of patients with mycotic keratitis.(Table 8A) This analysis also correlates with the 

recognition of ocular trauma particularly with vegetative material as the major risk factor 

which is reported in literature to occur in 44-55% of patients.
19,23,29 

 

 In this study, 14 cases were culture-positive for Aspergillus spp. (Table 9) This is 

because most of these infections are caused by corneal abrasions sustained by injury due 

to plant leaves, tree branches or hay. Affected population were middle aged agricultural 

workers with no pre-existing ocular or systemic disorder. 

 

 Mode of infection is either the direct implantation of fungal conidia in the corneal 

stroma or an abraded epithelium permitting exogenous fungal elements. Aspergillus 

species were important plant pathogens present in abundance on plant leaves and other 

vegetative matter.
23

 This probably explains the high infective association with farming 

practices as reported with paddy, onion or sugarcane farming and due to their ubiquitous 

presence in vegetation. 

 

Aspergillus infections were significantly associated with history of fall of dust in 

eyes followed by rubbing. Aspergillus species are commonly present in the environment 

on a worldwide basis. They thrive abundantly on a variety of substrates including soil 

and decaying vegetation.
26

  The fungal keratitis remains a public health problem. This is 

largely due to faulty practices that predispose healthy eyes to corneal  trauma.  
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Seasonal variations and environmental factors like wind, humidity and rainfall  

have been associated to the incidence of mycotic keratitis as well as the predominant 

genera of fungal isolate.
37

  In this study, diagnostically the wet KOH mount was noted as 

a highly sensitive method for detecting fungal infections with a sensitivity of nearly 

91%. The specificity of KOH preparation was 77%. The positive predictive value was 

68%. The negative predictive value was 79%. 

 

 Gopinathan et al  while presenting their largest reported case series on fungal 

keratitis have correlated a similar view.
23

 This fact assumes great importance as it 

suggests the possibility of early detection and initiation of treatment for fungal keratitis 

even at primary or secondary level. 

 

 

Antifungal sensitivity test has developed greatly in the recent years. Various 

antifungal drug sensitivity methods such as agar dilution, disc diffusion, concentration 

gradient and liquid medium dilution were applied in various laboratories in India.
42 

 

 

 In this study,  Broth micro dilution methods by following CLSI M38A2 

guidelines (2008) were used. The guidelines defined the test mediators, inoculum 

concentration, incubation temperature for different mycelial fungus.  
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Genus Aspergillus, Fusarium were the most common fungal pathogen in this 

study of which the common species were Aspergillus fumigatus, Fusarium sp. and 

Aspergillus niger. The sensitivities of these species to antifungal drugs were tested and 

analysed. Commonly used antifungal medicines for sensitivity test were polyenes 

(amphotericin B) and azoles (Voriconazole, Fluconazole, Itraconazole). 

 

 

In this study, 33(94.2%) out of 35 fungal isolates showed MIC ≤2µg/ml for 

Amphotericin B. (Table 11). 31(88.5%) out of 35 fungal isolates showed MIC ≤2µg/ml, 

for Voriconazole.(Table 12). 

 

 

 23 (66%) out of 35 fungal isolates showed MIC ≤2µg/ml for Itraconazole.(Table 

13). 25 (71.3 %) out of 35 isolates shwed MIC ≥ 2µg/ml  for Fluconazole.. Only, 10 

(28.5%) out of 35 fungal isolates showed MIC ≤ 2µg/ml for Fluconazole. (Table 14) 

. 

 

 It was identified that the MIC for Amphotericin B, and  Voriconazole were 

≤2µg/ml for 11 (79%) out of 14 of the Aspergillus fumigatus isolates.(Table 15) The 

MIC for Itraconazole were  ≥2µg/ml for 3 (21%) out of 14 Aspergillus fumigatus  

isolates.(Table 15) 
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 It was noted that the MIC for Amphotericin B, Voriconazole, and  Itraconazole 

were ≤2µg/ml for 5 (83.3%) out of 6 Fusarium isolates.(Table 16).  

 

 

 It was found that the MIC for Amphotericin B, and  Itraconazole were ≤2µg/ml 

for 5 (100%) out of 5 the Aspergillus niger isolates. (Table 17). The MIC for 

Voriconazole were ≤2µg/ml for 4 (80%) out of 5 Aspergillus niger isolates. (Table 17)  

 

 

One (20%) out of 5 isolate showed MIC ≥ 2µg/ml for Voriconazole. It was also 

noted that the MIC for Amphotericin B, and  voriconazole were ≤2µg/ml for 3 (75%) out 

of 4 for the Aspergillus terreus isolates. (Table 18) The MIC for Itraconazole were 

≤2µg/ml for 4 (100%) out of 4 Aspergillus terreus isolates. (Table 18) 

 

 

 It was found that the MIC for Amphotericin B, Voriconazole, and  Itraconazole 

were ≤2µg/ml for 3 (100%) out of 3 Aspergillus flavus isolates.    (Table 19) 

 

It was observed that the MIC for Itraconazole and  voriconazole were ≤2µg/ml for 

2 (67%) out of  3 for the Curvularia species.(Table 20) The MIC for Amphotericin B 

were ≤2µg/ml for 3 (100%) out of 3 for the Curvularia species. (Table 20) 
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This study showed that both Aspergillus and Fusarium were more sensitive to 

voriconazole and Amphotericin B. But in India it is very difficult to widely use topical 

voriconazole (2%) due to its high price. Amphotericin B was quite sensitive to 

genus Aspergillus and Fusarium but due to poor penetration in cornea it was not used in  

keratitis. It also requires high dosage to ensure the adequate concentration in eye.
43 

 

 

Voriconazole showed maximum susceptibility against filamentous fungi with 

lowest MIC correlating with the study of Lalitha et al.
44 

 which reported that 

voriconazole had a lowest MIC against Aspergillus. The new antifungal voriconazole has 

proved as a highly efficient broad spectrum and low toxicity medication for the treatment 

of filamentous fungal  keratitis. 

 It is important to remember that all the results of antifungal sensitivity tests in 

vitro are not completely coincident with the therapeutic effects in vivo due to immune 

defense of hosts, which also plays an important role in the occurrence of fungal 

infection. Infections due to susceptible isolates respond to appropriate therapy 90% of 

the time. Infections due to resistant isolates or inappropriate therapy  respond to 

appropriate therapy 60% of the time.
44

 The disease takes a turn for improvement after 

administration of antifungal agents which promote the ulcers to heal gradually. So it is 

proved that early diagnosis and timely intervention with antifungal drugs are vital to 

good therapeutic effects in fungal keratitis. 
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SUMMARY 

1. A total of 100 patients with clinically suspected mycotic keratitis were included in 

the study and  35 (35 %)  fungal isolates  were  identified  and  isolated.  

2. Patients with the age group between 41 – 50 years (43%) were commonly 

affected. 

3. Male preponderence was seen in this study of mycotic keratitis (74.3%). 

4. Incidence of fungal keratitis was more in the rural than urban population. (66%). 

5. Majority of the patients were agricultural labourers (54.29 %). 

6. Majority of isolates belonged to the genus Aspergillus spp  (74 %) followed by 

Fusarium  spp  (17%) and Curvularia spp (9%). 

7. The frequently isolated pathogen among the genus Aspergillus was Aspergillus 

fumigatus (40%) followed by Aspergillus niger and Aspergillus terreus. 

8. Trauma with vegetative matter was found to be the common predisposing factor 

(68.5 %)  in the development of mycotic keratitis. 

9. The sensitivity of 10% KOH mount was found to be 91%. 

10. The specificity of KOH preparation was 77%. 

11. The positive predictive value of KOH preparation was 68%. 

12. The negative predictive value of KOH preparation was 79%. 

13. In antifungal susceptibility by Broth Micro dilution method , Amphotericin B 

showed MIC ≤2µg/ml in 33(94.2%) , which was a significant finding among 35 

fungal isolates. 
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14. Voriconazole MIC was ≤2µg/ml in 31(88.5%) out of 35 fungal isolates. 

15. Itraconazole MIC was ≤2µg/ml in 23 (66%) out of 35fungal isolates.  

16. Fluconazole MIC was ≤2µg/ml in 10 (28.5%) of the fungal isolates.  Fluconazole  

MIC was  ≥2µg/ml in 25 (71.3%) out of 35 fungal isolates. 
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CONCLUSION 

                 Fungal keratitis is one of the most important cause of preventable blindness in 

the developing world.  It was predominant in males of rural background with vegetative 

matter induced ocular trauma as the major predisposing factor. A simple 10%  KOH 

mount preparation was highly beneficial as rapid screening test for diagnosis. Among the 

isolates, Aspergillus spp were the most common agent causing mycotic keratitis. From 

the study, the vital role of microbiological evaluation in the management of fungal 

keratitis is clearly evident, since the clinical features alone are not adequate to confirm 

infection. It is important to create awareness among people especially from rural 

background with regard to trauma as a predisposing factor for mycotic keratitis. From 

the study,  we can derive that the diagnostic corneal scraping and culture (gold standard) 

are mandatory in order to identify the causative organisms when mycotic keratitis is 

suspected and to choose appropriate antifungal therapy. The clinicians and 

microbiologists should work hand in hand to prevent blindness due to mycotic keratitis. 

The awareness among the general public in both rural and urban areas about the ocular 

hygiene and protection, from occupational hazard needs to be emphazied  together with 

early visit to the hospital in case of any ocular trauma and disease. 
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Plate 1 depicts the growth of Aspergillus flavus in the C streak  pattern on the SDA 

plate illustrating the significance of pathogenicity of the fungal elements from the 

corneal scraping specimen 

 

 

 

 

  



 

Plate 2 depicts the growth of Aspergillus fumigatus in the C streak pattern on the  

SDA plate illustrating the significance of pathogenicity of the fungal elements from 

the  corneal scraping specimen. 

   

 

  



 

Plate 3 : The MIC for Fluconazole against various fungal isolates 

 

 

 

Plate 4 : The MIC for Amphotericin B against various fungal isolates  

 

 

  

 

 

 

 

 

 

 

 

 



 

Plate 5 : The MIC for Itraconazole against various fungal isolates 

 

 

  

Plate 6: The MIC for voriconazole against various fungal isolates 

 

 

 

 

 



 

APPENDIX I 

ABBREVIATIONS 

 

 KOH Potassium hydroxide 

 SDA Sabouraud Dextrose Agar 

 CFW Calcofluor white 

 PCR Polymerase chain reaction 

 MIC Minimum inhibitory concentration 

 RPMI Roswell park memorial institute 

 CLSI Clinical Laboratory Standards Institute 

 ATCC American type culture collection 

 CMA Corn meal agar 

 RSA Rice starch agar 

 BHIA Brain heart infusion agar 

 BHI Brain heart infusion 

 SSA Sunflower seed agar 

 DMSO Dimethyl sulphoxide 

 CFU Colony forming factor 

 AMPH                                   Amphotericin 

 ITRA                                      Itraconazole 

 FLU                                        Fluconazole 

 VORI                                      Voriconazole 

  



 

APPENDIX II 

A. Stains and Reagents: 

1.  10% KOH 

Potassium hydroxide               :        10g 

Glycerol                                   :       10ml 

Distilled water                         :       80ml 

 

2. Gram stain 

Methyl  violet  (2%)                 :          10g methyl violet in 100   ml 

                                                       Absolute  alcohol     1   lit.    

                                                         Distilled   water (Primary   stain) 

Gram   Iodine :   10g  Iodine  in 20g KI  ( fixative ) 

                   Acetone :   Decolorising    agent 

Carbol   fuchsin    1% :  Counter  stain 

3. Lactophenol    cotton blue : 

For    the   staining   and   microscopic     identification    of    fungi 

Cotton  Blue  (Aniline   Blue)               :      0.05  g 

Phenol   Crystals  (C6H5O4)                :     20g 

Glycerol                                                :     40  ml 

Lactic   Acid  (CH3CHOH  COOH)     :     20   ml 

Distilled   Water                                     :    20   ml 

       4.Sabouraud’s dextrose agar 



 

                 Dextrose :  20  g 

                 Neo  Peptone :  10  g 

                 Agar :     20  g 

                 Distilled  Water :    1000  ml 

                 pH :    6.8 + 0.2 

          Suspend  the  ingredients  in  water , dissolve  by  heating  to  a  boil  and  dispense  

in approximately  20  ml  amounts  in  cotton  plugged ( 25 mm x 150  mm)  test  tubes  

with antimicrobial  agent  ( Gentamicin 20 mg )  added  after  heating  the  medium  and  

before   autoclaving  at  121ºC  for  no  longer  than  15  minutes .  Slant   was  allowed  

to  harden and   refrigerated. 

         Note :  Cycloheximide was not added to the media since it is known to inhibit 

ocular fungal pathogen. 

5. Potato Dextrose Agar: 

        Potato             :    200g 

        Dextrose         :    20g 

        Agar               :    20g 

       Water              :     1 litre 

         pH                 :     5.6 + 0.2 

Scrub, slice and boil potatoes in 100ml of distilled water for one hour. Filter infusion 

through gauze and add agar and boil  till it dissolve completely. Add dextrose and make 

upto one litre by adding distilled water. Sterilize by autoclaving at 15 pounds pressure at 

115ºc for 30 minutes. Cool to 50 ºc and approximately 20ml into petridishes. 

 



 

1. RPMI 1640 Medium  

      Commercially purchased Roswell Park Memorial Institute (RPMI) 1640 media 

supplemented with 0.3g of L – glutamine per litre without sodium bicarbonate powder.  

The pH is  adjusted  to 7.0. 3N – Morpholinopropane sulphonic acid (MOPS) buffer was 

used. 

 

  



 

ANNEXURE - I 

 



 

ANNEXURE – II 

 

PROFORMA 

Name: 

Age:                                           IP NO: 

Sex:          Ward NO: 

Occupation: 

Address: 

 

Presenting complaints: 

Personal history: 

Past history: 

Family history: 

Clinical diagnosis: 

Microbiological investigation: 

 

Direct Examination: 

KOH Mount : 

Grams stain: 

CULTURE:  

SDA 25*c and 37*c 

LPCB mount 

Antifungal Sensitivity : 

 



 

ANNEXURE – III 

PATIENT CONSENT FORM 

Title of the study: “ SPECTRUM OF MYCOTIC KERATITIS AND THEIR 

ANTIFUNGAL SUSCEPTIBILITY IN A TERTIARY CARE HOSPITAL, 

CHENNAI.”  

Name :        Date: 

Age :        OP No:  

Sex :        Project Patient No: 

Documentation of the informed consent 

I _____________________________ have read the information in this form (or it has 

been read to me). I was free to ask any questions and they have been answered. I  hereby 

give my consent to be included as a participant in  “SPECTRUM OF MYCOTIC 

KERATITIS AND THEIR ANTIFUNGAL SUSCEPTIBILITY IN A TERTIARY 

CARE HOSPITAL, CHENNAI.” 

1. I have read and understood this consent form and the information provided to me. 

2. I have had the consent document explained to me. 

3. I have been explained about the nature of the study. 

4. I have been explained about my rights and responsibilities by the investigator.  

5. I have been advised about the risks associated with my participation in this study. 

6. I agree to cooperate with the investigator and I will inform her immediately if I suffer 

unusual symptoms. 



 

7. I have not participated in any research study within the past ________ month(s). 

8. I am aware of the fact that I can opt out of the study at any time without having to 

give my reason and this will not affect my future treatment in this hospital. 

9. I am also aware that the investigator may terminate my participation in the study at 

any time, for any reason, without any consent. 

10. I hereby give permission to the investigators to release the information obtained from 

me as result of participation in this study to the sponsors, regulatory authorities, Govt. 

agencies, and IEC. I understand that they are publicly presented. 

11. I have understand that my identity will be kept confidential if my data are publicly 

presented. 

12. I have had my questions answered to my satisfaction. 

13. I have decided to be in the research study. 

 

I am aware that if I have any question during this study, I should contact the investigator. 

By signing this consent form I attest that the information given in this document has 

been clearly explained to me and understood by me, I will be given a copy of this 

consent document. 

 

  



 

For  participants: 

Name and signature / thumb impression of the participant. 

Name ___________________________________ 

Signature_________________________  

Date________________ 

 

Name and Signature of impartial witness (required for illiterate patients): 

Name ___________________________________ 

Signature_________________________  

Date________________ 

 

Address and contact number of the impartial witness: 

Name and Signature of the investigator obtaining consent: 

Name ___________________________________ 

Signature_________________________  

Date________________



 

ANNEXURE – IV 

MASTER CHART 

S. 

No. 

Age 

(yrs) 
sex Occupation 

Risk 

factors 
Associated factors 

Eyes  affected 

KOH 
KOH Fungal growth LPCB Amph Itra Vori Flu 

1 73 Male Gardener leaf 

Cataract surgery 

15yrs back LE No fungal elements  NG NG - - - - 

2 62 Female House wife hay Diabetic for 5 yrs RE Fungal elements  Curvularia lunata 
Curvularia 

lunata s s s s 

3 19 Male Latheworker iron - LE Fungal elements  Fusarium sp. Fusarium sp. s s s s 

4 26 Male Agriculturist stem - RE No fungal elements  NG NG - - - - 

5 43 Male Agriculturist leaf smoker RE No fungal elements  NG NG - - - - 

6 40 Male Agriculturist hay - LE Fungal elements  Fusarium sp. Fusarium sp. s s s s 

7 60 Male Chairmaker plastic - RE No fungal elements  NG NG - - - - 

8 45 Male Milkman 

tail of a 

cow - RE Fungal elements  Fusarium sp. Fusarium sp. s s s s 

9 53 Male Teacher nail Diabetic for 1 yr RE No fungal elements  NG NG - - - - 

10 29 Male shopkeeper - 
Allergic 

conjunctivitis LE Fungal elements  Curvularia lunata 
Curvularia 

lunata s s s s 

11 35 Male Agriculturist leaf smoker RE No fungal elements  NG NG - - - - 

12 42 Male Agriculturist stem 

Asthmatic 

,alcoholic LE Fungal elements  Aspergillus niger 

Aspergillus 

niger s s s s 

13 34 Male Clerk - NLD blockade LE Fungal elements  
Aspergillus 
fumigatus 

Aspergillus 
fumigatus s s s s 

14 80 Female House wife leaf 

Diabetic for 25 

yrs. RE No fungal elements  NG NG - - - - 

15 19 Female Agriculturist 

wooden 

stick - RE No fungal elements  NG NG - - - - 

16 80 Male Coolie twig 

hypertensive for 

30yrs LE Fungal elements  Aspergillus flavus 

Aspergillus 

flavus s s s s 

17 19 Female Coolie stone - RE Fungal elements  Aspergillus flavus 
Aspergillus 

flavus s s s s 

18 85 Male Coolie nail - RE Fungal elements  

Aspergillus 

fumigatus 

Aspergillus 

fumigatus s s s s 

19 64 Female House wife stem 
Diabetic for 17 

yrs RE Fungal elements  Aspergillus niger 
Aspergillus 

niger s s s s 

20 55 Female Agriculturist hay 

Hypertensive for 

10 yrs LE Fungal elements  Aspergillus niger 

Aspergillus 

niger s s s s 

 



 

21 45 Male Coolie Ash 

Diabetes for 7 

months LE Fungal elements  Fusarium sp. Fusarium sp. s s s s 

22 55 Female Agriculturist leaf - RE No fungal elements  NG NG - - - - 

23 19 Male Milkman 
tail of a 

cow - LE Fungal elements  NG NG - - - - 

24 19 Male Agriculturist stem - LE Fungal elements  Aspergillus terreus 

Aspergillus 

terreus s s s s 

25 35 Male Agriculturist leaf asthmatic , RE No fungal elements  NG NG - - - - 

26 65 Male Agriculturist leaf Diabetic for 5yrs RE Fungal elements  Aspergillus terreus 

Aspergillus 

terreus s s s s 

27 67 Male Coolie nail 

Hypertension for 

7yrs,Diabetes for 

4yrs RE No fungal elements  NG NG - - - - 

28 76 Male Coolie hay 
Diabetic for 20yrs 

alcoholic LE No fungal elements  NG NG - - - - 

29 56 Female Agriculturist leaf - LE No fungal elements  NG NG - - - - 

30 35 Male latheworker iron - RE Fungal elements NG NG - - - - 

31 48 Male Agriculturist leaf Smoker LE Fungal elements  Fusarium sp. Fusarium sp. s s s s 

32 19 Male Agriculturist leaf - LE Fungal elements  Aspergillus terreus 
Aspergillus 

terreus s s s s 

33 45 Male Agriculturist hay Diabetic RE Fungal elements  

Aspergillus 

fumigatus 

Aspergillus 

fumigatus s s s s 

34 42 Male Agriculturist leaf - RE No fungal elements  Aspergillus niger 
Aspergillus 

niger s s s s 

35 19 Male Agriculturist leaf - RE Fungal elements  Aspergillus terreus 

Aspergillus 

terreus s s s s 

36 42 Male Agriculturist hay Diabetic LE Fungal elements  
Aspergillus 
fumigatus 

Aspergillus 
fumigatus s s s s 

37 53 Male Agriculturist leaf Diabetic LE Fungal elements  

Aspergillus 

fumigatus 

Aspergillus 

fumigatus s s s s 

38 50 Male Gardener leaf Smoker RE No fungal elements  NG NG - - - - 

39 28 Male Latheworker iron - LE No fungal elements  NG NG - - - - 

40 39 Female House wife leaf - RE No fungal elements  NG NG - - - - 

41 35 Male Agriculturist leaf - LE Fungal elements  NG NG - - - - 

42 42 Male shopkeeper leaf Diabetic for 3yrs RE Fungal elements  

Aspergillus 

fumigatus 

Aspergillus 

fumigatus s s s s 

43 60 Male Agriculturist stem - RE No fungal elements  NG NG - - - - 

44 45 Female milkmaid 
tail of a 

cow - LE Fungal elements  Aspergillus flavus 
Aspergillus 

flavus s s s s 

45 45 Male Agriculturist leaf 

Diabetic for 3yrs 

smoker RE Fungal elements  Curvularia lunata 

Curvularia 

lunata s s s s 

46 77 Male Agriculturist hay Diabetic for 20yrs LE Fungal elements  NG NG - - - - 



 

47 19 Male Agriculturist leaf - RE No fungal elements  NG NG - - - - 

48 25 Male Agriculturist leaf - LE No fungal elements  NG NG - - - - 

49 35 Male milkman 
tail of a 

cow - RE No fungal elements  NG NG - - - - 

50 45 Female House wife leaf - LE Fungal elements  NG NG - - - - 

51 22 Male shopkeeper nail - RE No fungal elements  NG NG - - - - 

52 23 Male Coolie dust - LE No fungal elements  NG NG - - - - 

53 24 Male Student dust - RE No fungal elements  NG NG - - - - 

54 42 Male Gardener stem - LE No fungal elements  NG NG - - - - 

55 25 Female House wife stem - LE Fungal elements  NG NG - - - - 

56 65 Female Agriculturist leaf Diabetic for 5yrs RE No fungal elements  Fusarium sp. Fusarium sp. s s s s 

57 44 Female Agriculturist leaf - RE Fungal elements  

Aspergillus 

fumigatus 

Aspergillus 

fumigatus s s s s 

58 28 Male Agriculturist stem - RE Fungal elements  NG NG - - - - 

59 63 Male Agriculturist leaf Diabetic , smoker RE No fungal elements NG NG - - - - 

60 45 Male Gardener stem smoker RE No fungal elements  NG NG - - - - 

61 34 Male Agriculturist leaf - LE No fungal elements  NG NG - - - - 

62 57 Female Agriculturist leaf - LE Fungal elements  NG NG - - - - 

63 55 Male shopkeeper plastic Diabetic for 5yrs RE No fungal elements  NG NG - - - - 

64 55 Male Agriculturist leaf - LE Fungal elements  NG NG - - - - 

65 47 Male Agriculturist hay smoker LE Fungal elements  Aspergillus niger 
Aspergillus 

niger s s s s 

66 36 Male Latheworker iron smoker RE No fungal elements  NG NG - - - - 

67 83 Male coolie - 

BE Cataract 

surgery LE No fungal elements  NG NG - - - - 

68 40 Male Teacher dust - RE Fungal elements  NG NG - - - - 

69 41 Male Agriculturist leaf - LE No fungal elements  

Aspergillus 

fumigatus 

Aspergillus 

fumigatus s s s s 

70 65 Male Agriculturist hay Diabetic RE Fungal elements  NG NG - - - - 

71 52 Male Agriculturist stem alcoholic LE No fungal elements  NG NG - - - - 

72 65 Male Coolie iron hypertensive LE No fungal elements  NG NG - - - - 

73 43 Male Agriculturist leaf - RE Fungal elements  

Aspergillus 

fumigatus 

Aspergillus 

fumigatus s s s s 

74 75 Male coolie - 
BE Cataract 

surgery LE Fungal elements  
Aspergillus 
fumigatus 

Aspergillus 
fumigatus s s s s 



 

75 49 Male Agriculturist leaf - RE Fungal elements  NG NG - - - - 

76 27 Male Chairmaker plastic - LE No fungal elements  NG NG - - - - 

77 47 Male Tea maker - NLD blockade RE Fungal elements  
Aspergillus 
fumigatus 

Aspergillus 
fumigatus s s s s 

78 58 Female House wife leaf Diabetic for 5 yrs RE Fungal elements  

Aspergillus 

fumigatus 

Aspergillus 

fumigatus s s s s 

79 40 Female Agriculturist stem - LE Fungal elements  

Aspergillus 

fumigatus 

Aspergillus 

fumigatus s s s s 

80 57 Female Agriculturist leaf Diabetic for 5yrs RE No fungal elements  NG NG - - - - 

81 63 Male Agriculturist hay 

hypertensive for 

5yrs LE No fungal elements  NG NG - - - - 

82 27 Male Medical representative iron - RE Fungal elements  
Aspergillus 
fumigatus 

Aspergillus 
fumigatus s s s s 

83 53 Male Agriculturist stem IHD, Smoker RE No fungal elements  NG NG - - - - 

84 45 Female Agriculturist leaf - LE No fungal elements  NG NG - - - - 

85 47 Male Agriculturist leaf smoker RE No fungal elements  NG NG - - - - 

86 63 Male Agriculturist stem Diabetic RE No fungal elements  NG NG - - - - 

87 28 Male Gardener stem - LE No fungal elements  NG NG - - - - 

88 68 Male Agriculturist stem 

Hypertensive for 

15yrs RE No fungal elements  NG NG - - - - 

89 18 Male Agriculturist stem - RE No fungal elements  NG NG - - - - 

90 38 Male Gardener dust smoker LE Fungal elements  NG NG - - - - 

91 48 Female House wife leaf - RE No fungal elements  NG NG - - - - 

92 50 Male Agriculturist leaf Diabetic for 5yrs RE No fungal elements  NG NG - - - - 

93 43 Male Agriculturist stem smoker RE Fungal elements  NG NG - - - - 

94 19 Female House wife leaf - LE No fungal elements  NG NG - - - - 

95 32 Female Agriculturist hay - RE No fungal elements  NG NG - - - - 

96 28 Female Agriculturist stem - RE No fungal elements  NG NG - - - - 

97 18 Male Student iron - LE No fungal elements  NG NG - - - - 

98 18 Male Student - 

Allergic 

conjunctivitis LE Fungal elements  NG NG - - - - 

99 46 Female House wife - NLD blockade RE No fungal elements  NG NG - - - - 

100 45 Female House wife - Diabetic for 4yrs RE No fungal elements  NG NG - - - - 



 

KEYS TO MASTER CHART 

 

 KOH        Potassium hydroxide preparation 

 LPCB      Lactophenol cotton blue 

 S Sensitive 

  RE Right eye 

 LE Left eye 

  NLD Nasolacrimal duct 

  AMPH Amphotericin 

  ITRA Itraconazole 

  FLU Fluconazole 

 VORI Voriconazole 

  NG No growth 
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