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Background: Fungal keratitis is a suppurative, ulcerative, and sight-threatening infection of 

the cornea that sometimes leads to loss of the eye. The objectives of this study were to improve 
facilities for laboratory diagnosis, to determine the predominant causative microorganisms, and to 
identify the predisposing factors of mycotic keratitis patients.  

Methods: A prospective study of corneal ulcer was conducted in Sari between May 2004 and 
March 2005. Patients who presented with clinically suspected corneal ulcer to the Ophthalmology 
Department of Bou-Ali Sina University Hospital in Sari were included in this study. Each patient 
was examined with slit lamp. Data were collected by examining and questioning the patients. Using 
standard techniques, corneal scraping was performed by an ophthalmologist. The specimens 
collected were then smeared on two slides, which were stained with Gram stain (for bacterial 
keratitis) and 10% potassium hydroxide with or without Calcofluor white stain (for fungal keratitis), 
and studied under light microscope. The specimens were also inoculated directly on blood agar, 
Sabouraud dextrose agar, and potato dextrose agar in C-shaped streaks.  

Results: A total of 22 patients met the inclusion criteria of this study, among whom 10 (45.5%) 
were females and 12 (54.5%) were males. The mean ± SD age of patients was 61.5 ± 17.7 (range:  
15 – 83) years. In direct microscopy, branching, and septate hyphae were identified in 7 (31.8%) 
patients. Two (28.6%) fungi (Aspergillus fumigatus and Fusarium spp.) were isolated. Five (31.8%) 
patients with fungal keratitis were males and 2 (28.6%) were females. The mean ± SD age of 
patients with fungal keratitis was 60.4 ± 12.1 (range:  39 – 73) years. Three (42.85%) patients with 
fungal keratitis were farmers. The mean interval between the onset of symptom and diagnosis was 
26.4 (range: 1 – 93) days.  Trauma with plant debris and straws were noted in two (28.6%) patients 
with fungal keratitis. Five (71.4%) patients received topical antibiotics. Analyses, using potassium 
hydroxide with or without Calcofluor white as the gold-standard test, revealed a sensitivity of 
71.4% for potassium hydroxide, and 42.9% for Gram stain. 

Conclusion: Infections of the cornea due to filamentous fungi are frequent causes of corneal 
damage and should always be kept in mind. The direct microscopy method is an essential tool in 
the diagnosis of fungal keratitis. Therefore, wet mount preparation with potassium hydroxide with 
or without Calcofluor white or only KOH can be relied upon as the single most important screening 
test for rapid diagnosis of fungal corneal ulcer. 
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Introduction 

 
ungal keratitis is a suppurative, 
ulcerative, and sight-threatening infection 
of the cornea that leads sometimes leads 

to loss of the eye. Worldwide, the reported 
incidence of mycotic keratitis is 17% to 36%.1 – 3 In 
India, it is 44% to 47%.4 – 7 Despite advances in 
diagnosis and medical treatment of keratomycosis, 
15% to 27% of patients require surgical 

intervention such as keratoplasty, enucleation, or 
evisceration because of either failed medical 
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treatment or advanced disease at presentation.1 – 11  
In general, it has been indicated that although 

corneal infections have worldwide distribution, the 
incidence of fungal infections is higher in tropical 
and semitropical areas and is much more frequent 
in developing countries. It has also been mentioned 
that these infections follow trauma, especially with 
plant debris.1 – 11 The distribution of fungi is not 
only affected geographically, but also changes with 
time. It is, therefore, very important to recognize 
the prevalence and etiology of corneal ulcer.  

The following study was conducted at the 
Ophthalmology Department of Bou-Ali Sina 
Hospital of Sari, in Mazandaran Province, North of 
Iran. Mazandaran is located near the Caspian sea 
and the majority of people are engaged in farming. 
The objectives of this study were to improve 
facilities for laboratory diagnosis, to determine the 
predominant causative microorganisms, and to 
identify the predisposing factors of mycotic 
keratitis patients.  

 
Patients and Methods  

 
Patients 

A prospective study of corneal ulcer was 
conducted in Sari between May 2004 and March 
2005. Patients who presented with clinically 
suspected corneal ulcer to the Ophthalmology 
Department of Bou-Ali Sina University Hospital in 
Sari, were included in this study. Corneal 
ulceration was defined as the loss of corneal 
epithelium with underlying stromal infiltrate and 
suppuration associated with signs of inflammation, 
with or without hypopyon.6 Written informed 
consent was obtained from all patients. 

 
Clinical examination and laboratory 
investigations 

Each patient was examined by slit lamp. The 
location and size of infiltrate were recorded. Data 
were then collected by examination and question-
ing the patients. Using standard techniques,12 
corneal scraping  was performed by an ophthalmo-
logist, with a sterile surgical blade number 15, or a 
sterile 21 gauge needle, following the instillation 
of a local anesthetic (tetracaine hydrochloride 
0.5%). Corneal specimen obtained from scraping 
the ulcer was smeared on two slides, which were 
stained with Gram stain (for bacterial keratitis) and 
10% potassium hydroxide (KOH) with or without 
Calcofluor white (KOH+CFW) stain (for fungal 
keratitis), and studied under light microscope. The 

specimens were also inoculated directly on blood 
agar, Sabouraud dextrose agar, and potato dextrose 
agar in C-shaped streaks. Blood agar plates were 
incubated at 37ºC. Sabouraud dextrose agar and 
potato dextrose agar were incubated at 25ºC. The 
culture was considered significant and reported if 
the smears demonstrated morphologically similar 
organism, and/or if the same organism grew in 
more than one culture media, and/or if there was 
growth on at least two streaks. 

 
Results 

 
Demographic 

A total of 22 patients met the inclusion criteria 
of this study, of whom 10 (45.5%) were females 
and 12 (54.5%) were males. The mean ± SD age of 
patients was 61.5 ± 17.7 (range: 15 – 83) years.  Of 
22 patients with corneal ulcer surveyed during the 
period of May 2004 to March 2005 (12 months), 
fungal keratitis was identified as the principal 
etiologic agent of corneal ulceration in 7 (31.8%) 
patients (5 males and 2 females) (Table 1).  The 
mean ± SD age of patients with fungal keratitis 
was 60.4 ± 12.1 (range: 39 – 73) years.  Three 
(42.9%) patients with fungal keratitis were 
farmers; one (14.3%) animal husbandman, one 
(14.3%) laborer, and 2 (28.6%) were housewives. 
All patients with fungal keratitis lived in rural 
areas. The mean interval between the onset of 
symptom and diagnosis was 26.4 (range: 1 – 93) 
days. 

 
Predisposing factors 

Trauma with plant debris and straws were noted 
in two patients with fungal keratitis. Five patients 
received topical antibiotics. One patient had 
diabetes and another had local corneal disease 
(persistent corneal defect and stromal ulceration). 
No patient with fungal keratitis had a history of 
ocular surgery or use of contact lens and topical 
corticosteroid. 

 
Clinical features 

All patients had symptoms of redness and 
watering. Ocular pain and photophobia were found 

Table 1. Etiology of corneal ulcer patients at 
Bou-Ali Sina Hospital, Sari, Iran (2004 – 2005). 
Type of microorganism n % 
Definite fungal 7 31.8 
Definite bacterial 2 9.09 
Unknown 13 59.09 
Total 22 100 
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in 85.7% of patients. Seventy-one point four 
percent of patients had foreign body sensation; 
57.1% had decreased vision. The signs on slit lamp 
examination are shown in Table 2.  

 
Microbiologic analyses  

Corneal scraping with KOH+CFW showed 
fungal elements in seven patients. Analyses using 
KOH+CFW as the gold-standard test revealed 
sensitivities of 71.4% for KOH and 42.9% for 
Gram stain. Two fungi (Aspergillus fumigatus and 
Fusarium spp.) were isolated. The results for 
sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV) of KOH 
preparation, Gram stain, and culture for 
identification of fungi are shown in Tables 3 – 5. 

 
Discussion 

  
Mycotic keratitis is an important ophthalmic 

problem in all parts of the world, because it leads 
to corneal blindness and sometimes in loss of the 
eye. Various published reports indicate that 
mycotic keratitis account for 6% to 50% of all 
cases of ulcerative keratitis.1, 2, 4 Review of the 
literature showed that in Iran, there is a distinct 
variation in the etiology of suppurative keratitis 
(Table 6).  In this study, 31.8% of patients with 

suppurative keratitis had a fungal etiology. 
The distinct characteristics of patients with 

fungal keratitis found in our study—male prepon-
derance (71.4%), outdoor occupation (71.5%), 
mean age of 60.4 years, and living in rural regions 
(100%)—are consistent with observations made in 
the majority of other studies.12 – 14 The incidence is 
reported to be higher in tropical countries. Apart 
from a humid atmosphere, agricultural-based live-
lihood in this region and outdoor occupations also 
make the population more vulnerable to fungal 
infections.  

The cornea may present suppurative keratitis 
due to viruses, bacteria, parasites, and fungi.  
Normal conjunctival microbiota usually does not 
consist of fungi. With some special life or work 
situation, however, individuals are exposed to 
corneal trauma and thus become more prone to 
develop mycotic infection. In our study, 71.4% of 
patients with fungal keratitis received topical 
antibiotics before seeking treatment from us. The 
great number of patients with fungal keratitis using 
topical antibiotics, who came to the university 
services, is explained by the fact that this service is 
a tertiary referral center to which more severe 

Table 2. Signs observed on slit lamp 
examination of patients with fungal keratitis at 
Bou-Ali Sina Hospital, Sari, Iran (2004 – 2005). 
Signs n % 
Hypopyon – – 
Feathery pattern 1 14.3 
Satellite lesion – – 
Conjunctival injection 3 42.9 
Epithelial defect 4 57.1 
Suppuration 4 57.1 
Stromal infiltration 2 28.6 
Anterior chamber reaction 1 14.3 

Table 3. Analysis of Gram stain and KOH+CFW 
of patients with fungal keratitis at Bou-Ali Sina 
Hospital, Sari, Iran (2004 – 2005). 

KOH+CFW Gram stain Positive Negative  
Positive 
 
 
 
Negative 

3 
Sens = 42.85%  

(9 – 81%) 
PPV = 100% 

4 

0 
 
 
 

15 
Spec = 100% 

NPV = 78.94% 
(57 – 93%) 

Sens = sensitivity; Spec = specificity; test level = 0.13 (CI95%: 0.02 
– 0.34), LRN*= 1.75 (CI95%: 0.92 – 3.32), prevalence = 0.39 
(CI95%: 0.13 – 0.54); * = likelihood ratio of negative results. 

Table 4. Analysis of KOH and KOH+CFW of 
patients with fungal keratitis at Bou-Ali Sina 
Hospital, Sari, Iran (2004 – 2005). 

KOH+CFW KOH Positive Negative  
Positive 
 
 
 
Negative 

5 
Sens = 71.42%  

(29 – 96%) 
PPV = 100% 

2 

0 
 
 
 

15 
Spec = 100% 

NPV = 88.23%  
(63 – 98%) 

Sens = sensitivity; Spec = specificity; test level = 0.22 (CI95%: 0.07 
– 0.45), LRN = 3.5 (CI95%: 1.08 – 11.29), prevalence = 0.39 (CI95%: 
0.13  –  0.54). 

Table 5. Analysis of culture and KOH+CFW of 
patients with fungal keratitis at Bou-Ali Sina 
Hospital, Sari, Iran (2004 – 2005).   

KOH+CFW Culture  Positive Negative  
Positive 

 
 
 

Negative 

2 
Sens = 28.57% 

(3 – 70%) 
PPV = 100% 

5 

0 
 
 
 

15 
Spec = 100% 
NPV = 75% 
(50 – 91%) 

Sens = sensitivity; Spec = specificity; test level = 0.09 (CI95%: 0.01 
– 0.29), LRN = 1.4 (CI95%: 0.87 – 2.23), prevalence = 0.39 (CI95%: 
0.13 – 0.54). 
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cases that did not respond to initially-applied 
therapy are referred. Since one of the differential 
diagnoses of suppurative keratitis is bacterial 
keratitis, the initial therapy with antibiotics is 
justified in services without a supporting 
laboratory. In one report, 56% of patients with 
fungal keratitis and in another, 55.3% of patients 
with fungal keratitis had received prior topical 
antibiotics as a major risk factor.12, 15 However, the 
various reports have not clearly identified the 
importance of prior usage of topical antibiotics as a 
predisposing factor.6, 11, 16 

In this study, 28.6% of patients with fungal 
keratitis had corneal trauma, which is lower than 
that reported for fungal keratitis in general.  
Previous corneal trauma is identified as a major 
predisposing factor among patients with filament-
ous fungal keratitis.6, 12, 15, 17 A frequency of 33% to 
100% has been described in the literature for 
mycotic keratitis in patients with corneal trauma by 
things having organic material or foreign body.1, 18, 

19 In some other reports, 8.3%17 to 17.6%20 of 
patients with fungal keratitis had corneal trauma, 
which is lower than our report. The fewer number 
of patients with fungal keratitis and corneal trauma 
could be explained by the fact that trauma might be 
insensible or as a result of delay existing between 
the occurrence of trauma and its diagnosis, causing 
them difficult to recall.  

In this study, the most common signs on slit 
lamp examination were epithelial defect (57.1%) 
and suppuration (57.1%)—which are nonspecific 
to fungal keratitis—and feathery pattern which is 
specific, presented in only one patient. None of our 
patients had hypopyon on slit lamp examination, 
whereas Javadi et al noted hypopyon in 52% of 
their patients with fungal keratitis.21 Rosa et al 
noted irregular feathery margins (62%), a dry 
rough texture (47%), and satellite lesions (41%) in 
their patients.1 During the first week, the signs 
such as hypopyon and endothelial plaque are not 
present. In our study, five of seven patients with 
fungal etiology referred to us between one and ten 
days of onset of the symptoms. During this phase, 
specific clinical features were not established. 

Therefore, the clinical picture may not always be 
sufficient to establish a diagnosis of fungal 
keratitis. The importance of establishing a defini-
tive diagnosis by microbiologic investigations is 
unavoidable in such cases. 

Aspergillus and Fusarium species, as were also 
isolated from our patients, are the most common 
isolated organisms from patients with fungal 
keratitis in the tropic. Other studies in Iran have 
reported Aspergillus and Fusarium to be the most 
common fungal pathogens.21 – 23 Fusarium species 
have also been found to be the principal fungal 
pathogen in Ghana, South India, Florida, Paraguay, 
Nigeria, Tanzania, Hong Kong, China, and 
Singapore. Aspergillus species predominate in 
northern India, Nepal, and Bangladesh.24 This phe-
nomenon may be explained by differences in 
climate and natural environment. Seasonal varia-
tions have been observed to be important in the 
incidence of fungal keratitis and in the predomi-
nant genera of fungi isolated from such patients. 
Such variations have been linked to environmental 
factors, such as humidity, rainfall, wind, and also 
to the harvest.1, 19, 25, 26 Environmental conditions 
including temperature, annual rainfall, windy 
seasons, and the harvest period have a significant 
role in increasing the incidence.  

There are different diagnostic laboratory 
methods for diagnosis of fungal keratitis, including 
direct examination and culture. In the current 
study, the presence of fungi in corneal scrapings 
was determined by KOH+CFW stain in 7, KOH 
stain in 5 (71.4%), and Gram stain in 3 (42.9%) 
scrapings from patients with keratitis. The smear 
findings of KOH+CFW as the gold-standard 
method were compared with the KOH mount, 
Gram stain, and culture results to calculate the 
specificity, sensitivity, and predictive values of the 
other techniques used. Rapid detection of fungal 
elements in the corneal scraping is of utmost 
importance in the management of fungal keratitis, 
especially because the organisms are not amenable 
to treatment with broad-spectrum, commercially 
available antibiotics. Fungi can be detected in 
corneal scraping by a variety of methods including 

Table 6.  Mycotic keratitis: a review of the available literature reported from Iran.
Place Reference Year No. of cases Fungi (%) Organism 1 Organism 2 
Tehran Javadi21 1996 23 83 Fusarium 43% Aspergillus 34.8% 
Rasht Behboodi35 1998 53 21 Cladosporium 27% Candida albicans 31.1% 
Tehran Mirshahi22 1999 35 83 Fusarium 34.5% Mucor 31.1% 
Sari Shokohi36 1999 8 37.5 Aspergillus 33.3% Alternaria 33.3% 
Mashhad Berenji23 2001 191 14 Aspergillus 55% Fusarium 7% 
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KOH wet preparation,27 acridine orange staining,28 
and lactophenol blue staining.29 The sensitivity of 
these methods varies from 76% to 80%. CFW, 
with or without KOH, is also a well-established 
stain for observation of fungal elements in clinical 
samples with a high sensitivity.27, 30, 31 Sharma et 
al32 confirmed the superiority of KOH+CFW stain 
in detection of fungal elements in corneal scraping. 
It is not only highly specific and sensitive, but also 
has a high NPV and PPV for both early and 
advanced keratitis. Since they had seen some false 
positive results in advanced keratitis, they recom-
mended resorting to antifungal therapy whenever a 
KOH+CFW stain smear is positive for fungus. 
This is because they believed that the gold-
standard of culture has its own limitations and a 
fungal element is unlikely to be misinterpreted. 
The false positive results are explained by some 
observations27, 33 that all samples that show fungal 
elements in smear may not show growth in the 
culture. Chander et al30 in their evaluation of CFW 
staining for diagnosis of fungal corneal ulcer, 
confirmed the superiority of KOH+CFW in com-
parison with KOH and culture. In another study,34 
KOH wet mount showed fungal elements in 68% 
of patients with corneal ulcers. Gram stain of 
corneal scraping did not provide much help. In our 
series, fungal culture was positive in 26.4% of 
cases. Vajpayee et al33 noted that cultures were 
positive in 51.46% of cases, although, the fungus 
was demonstrated by the KOH preparation in 
94.3% of the culture-proven cases. In our study, 
the culture-positive cases determined in whom the 
interval between the onset of disease and diagnosis 
was more than a week and in direct microscopy in 
which too many fungal elements were seen. The 
culture-positive patients were in the advance phase 
of keratitis, whereas the culture-negative cases 
were in the early phase of keratitis. Having no 
yield of positive culture could be explained by an 
insufficient corneal scraping of sample inoculated 
to culture media and less fungal load in the early 
stages of keratitis. To the best of our knowledge, 
the clinical picture may not always be sufficient to 
establish a diagnosis for fungal keratitis. The 
present study also showed the effectiveness of 
KOH+CFW as a rapid and highly reliable method 
in confirming the diagnosis of fungal keratitis, 
particularly when empirical antifungal therapy is 
not justified. Therefore, if KOH+CFW stained 
smears are negative for fungal filaments and 
acanthamoeba cysts, the patient must be treated 
with a broad-spectrum antibiotic, even if the Gram 

stain is negative for bacteria. 
In eras where fungal keratitis is prevalent, a 

simple, rapid, and reliable KOH+CFW smear exa-
mination of corneal scraping early during the 
disease could result in a significant  difference in 
the course of the disease by helping in early, 
specific therapy. KOH+CFW stain was signi-
ficantly more sensitive than KOH wet mount in 
demonstrating fungal pathogens. However, if UV 
microscope and CFW are not available, KOH 
preparation is recommended.  
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