
CLINICAL SCIENCES
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Purpose: To report the epidemiologic features and laboratory re-
sults of 191 consecutive cases of fungal keratitis presenting to a ter-
tiary level superspecialty teaching hospital of North India.

Methods: A prospective hospital-based study was carried out on
485 consecutive patients presenting with corneal ulcers to the outpa-
tient department of Guru Nanak Eye Center, Maulana Azad Medical
College, New Delhi, from January 1999 to June 2001. The sociode-
mographic data, predisposing risk factors, clinical details, prior treat-
ment modalities, laboratory results, and visual outcomes were ana-
lyzed.

Results: Diagnosis of mycotic keratitis was established in 191
(39%) out of the total study group of 485 cases. Direct microscopic
examination of KOH mounts and Gram-stained smears revealed pres-
ence of fungal elements in the corneal scrapings in 119 (62.3%) and
114 (60%) of the subsequently fungal culture-positive cases, respec-
tively. Men (68%) were more commonly affected by fungal keratitis
than women (32%). Young adults 31–40 years of age were the most
common age group to be involved (36%). Predisposing risk factors
were noted in 79%, with corneal trauma 42%, contact lens wear 25%,
and topical corticosteroids in 21% patients. The spectrum of fungi
isolated were Aspergillus species in 78 (41%) followed by Curvularia
species in 55 (29%).

Conclusions: In contrast to other studies from our subcontinent, we
found Aspergillus niger to be the most common fungal isolate, fol-
lowed by Curvularia species in culture-proven cases of fungal kera-
titis. Direct microscopic examination of KOH mounts emerged as a
rapid, reliable, and inexpensive diagnostic modality, with a sensitiv-
ity of 62%, which would facilitate the institution of early antifungal
therapy before the culture results became available, thus proving to be
sight saving.
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Mycotic keratitis is an important ophthalmologic problem
causing visual disability. During the last 4 decades there

have been increasing reports from different parts of the world
regarding the increasing incidence of this entity.1–3 Some of
the factors that have been held responsible for this increasing
incidence of fungal keratitis include the widespread use of
broad-spectrum antibiotics and steroids, the frequent and
sometimes prolonged use of contact lenses, and the growing
number of corneal surgeries being performed.2–4 Whether this
reflects a true increase in the disease entity or a greater recog-
nition of the clinical features and laboratory diagnosis remains
to be evaluated. In our country a favorable tropical environment
coupled with a primarily agrarian population are the additional
predisposing factors. Heightened awareness of the problem
among ophthalmologists and medical microbiologists has also
contributed to the increasing recognition of the disease.

The etiologic agents of mycotic keratitis show a varying
pattern with respect to geographic locale and climatic condi-
tions. Species of Aspergillus and Fusarium have been impli-
cated as the predominant agents of mycotic keratitis in most of
the reports worldwide.3–7 Although presumptive diagnosis can
be made by examination of KOH wet mounts/smears of cor-
neal scrapings, fungal culture of the specimens is necessary in
terms of effective therapy. To improve the management of
cases of fungal keratitis, it is important for the ophthalmologist
to be aware of the common fungal isolates within his or her
region. There are several reports of series of cases of mycotic
keratitis from many parts of South India8–11 and few from
North India,4,7,12 where the authors have tried to identify the
common fungal pathogens responsible for mycotic keratitis.
Recently two large studies from the same region as ours,
namely North India, by Panda et al4 and Chander and Sharma7

in 1997 and 1991, respectively, have analyzed the spectrum of
fungal pathogens of keratitis in extremes of age, namely under
16 and over 50. The present study is an attempt to identify the
risk factors, etiologic agents, and treatment outcomes of a large
series of culture-proven cases of mycotic keratitis in all age
groups, presenting to the outpatient department of a tertiary
level super-specialty teaching hospital of North India.

MATERIALS AND METHODS

Patients and Clinical Procedure
A hospital-based prospective study was carried out on

485 consecutive patients presenting with corneal ulcers to the
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outpatient department of Guru Nanak Eye Center, Maulana
Azad Medical College, New Delhi, from January 1999 to June
2001. This center is a tertiary referral eye center and caters to
patients from the capital territory of Delhi as well neighboring
states of North India.

Once a clinical diagnosis of corneal ulcer was made, a
standardized pro forma (Table 1) was filled out by one of the
authors (A. C.) for each patient presenting with active keratitis
in the specified time period. Sociodemographic data, predis-
posing risk factors, clinical details, prior treatment modalities,
if any, and visual outcomes were noted.

A detailed examination of both eyes was performed us-
ing the slit-lamp biomicroscope. The visual acuity at presen-
tation, symptoms, and size of epithelial defect as measured by
the variable slit on the biomicroscope were documented. In
addition, the depth of the lesion, the presence or absence of
hypopyon, and the status of the posterior segment were evalu-
ated. The patients were asked to follow up every 3 days for the
initial 3 weeks and then weekly for the next 4 weeks. The fol-
low-up after that was individualized as per patient requirement
and response. However, because of the poor socioeconomic
status and low education level of most of our patients, the fol-
low-up timings were not strictly adhered to by many of our
patients.

Collection of Specimens and
Laboratory Procedures

Corneal scrapings were obtained aseptically from each
case, from the leading edge or margins of the ulcer, using a
flame-sterilized Kimura spatula. A portion of the scrapings
were examined microscopically after digestion in 10% KOH
and in Gram-stained smears. The remaining material was in-
oculated onto sheep blood agar, chocolate agar, Sabouraud
glucose agar supplemented with chloramphenicol (SGA), and
into brain heart infusion broth. Sabouraud glucose agar slants
for fungal culture were incubated at 28°C and were examined
daily for first week and twice daily thereafter for 4 weeks. Bac-
terial cultures were incubated at 37°C and were evaluated at 24
and 48 hours of incubation. Antimicrobial susceptibility tests
of all the bacterial isolates were performed by Kirby Bauer
disk diffusion method. A fungal culture was considered posi-
tive if the growth of the fungus was corroborated by positive
direct microscopy, growth of the fungus in 2 or more culture
media, and/or its isolation on more than one occasion. All of
the filamentous fungi grew within 2–7 days on SGA, whereas
yeast colonies were visible within 18 to 24 hours of the incu-
bation period. The filamentous fungal isolates were subcul-
tured on plates of potato dextrose agar and were identified on
the basis of their macroscopic and microscopic colonial mor-
phology. The lactophenol cotton blue-stained mount of the
slide cultures of all the filamentous fungi were also examined
microscopically for verification of the salient diagnostic mi-
croscopic characteristics. The yeast isolates were subcultured

on plates of SGA and identified by germ tube production, mi-
croscopic morphology of the growth on cornmeal agar supple-
mented with 1% Tween 80, and assimilation and fermentation
pattern of carbon and nitrogen compounds.

Treatment Protocol
Once the diagnosis of corneal ulcer had been estab-

lished, treatment was initiated after the microbiological inves-
tigations had been performed. The initial treatment was forti-
fied cefazolin drops (5%) and fortified amikacin (1.4%) every
5 minutes for 30 minutes and then hourly for the first 72 hours,
followed by titration, depending on the clinical response and
pyogenic culture sensitivity report. Fluoroquinolones were not
used as the first line because 64% of cases (122) had been on
one form of fluoroquinolone when they were referred to our
center. Antifungals were prescribed in those cases where the
smear examination revealed the presence of fungal hyphae/
elements in patients giving a typical history of injury with veg-
etative matter and in those where the clinical appearance sug-
gested a fungal origin. The first-line antifungal used was Na-
tamycin (5%) given hourly along with debridement of the ulcer
every third day. In cases where no response was seen within 72
hours in spite of the isolated bacterial organism being suscep-
tible to the antibiotics used, freshly prepared amphotericin
(0.15%) at hourly intervals was added to the above regimen.
Other causes of no response—poor compliance, presence of
dry eyes, and secondary glaucoma—were excluded.

In cases of confirmed pyogenic ulcer, the second-
line drug used was 5% vancomycin or 0.3% ofloxacin and or
0.3% tobramycin, depending on the sensitivity report. Oral
ciprofloxacin 500 mg BID and ketoconazole 200 mg BID
were given in cases with deep infections reaching the posterior
stroma, in cases not responding to topical antifungals, where
hypopyon did not resolve within 3 days of initiating treatment,
if hypopyon at any time exceeded one third of the anterior
chamber height, on evidence of scleral involvement, on
threatened or actual corneal perforation, or where clinical
suspicion of endophthalmitis was entertained. This treatment
was modified according to the sensitivity pattern of the bacte-
rial isolates. Liver function tests, namely SGOT (serum gluta-
mate oxaloacetic acid) and SGPT (serum glutamate pyruvate
transaminase) levels, were performed at the baseline and at 2
weeks after the initiation of treatment with oral antifungals.
Debridement was done on every third day unless corneal thin-
ning precluded it. At the time of debridement gentle touching
of the ulcer margins with 5% topical povidone iodine was
done.

RESULTS
Diagnosis of mycotic keratitis was established in 191

(39%) out of the total study group of 485 cases by positive
culture. Out of these 191 patients, 130 (68%) were male and 61
(32%) were female. The age group of 31–40 years was the one
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TABLE 1. Pro Forma for Evaluation of Keratitis Cases

(1) Name

(2) Registration No.

(3) Age

(4) Sex

(5) Address

(6) Socio-economic status

(7) Occupation

(8) History of present illness

(a) Duration of symptoms

(b) Month of onset of infection

(c) History of previous treatment taken

(9) Risk factors

(A) History of trauma

(i) type of trauma

(ii) Agent of trauma

(B) Use of topical steroids

(i) Formulation (if known)

(ii) Duration of treatment

(C) History of contact lens wear

(i) Type of contact lens

(ii) Duration of use

(D) Other ocular illnesses (if any)

(E) Systemic illness and treatment taken

(F) Any past ocular surgery performed

(10) Presenting clinical features

(11) Examination

(A) Slit lamp examination

(i) Location and size of the ulcer

(ii) Depth of ulcer

(iii) Hypopyon

(iv) Sketch of the ulcer

(v) Clinical impression of the ulcer (eg, immune rings, satellite lesions, feathery look etc.)

(vi) Associated ocular conditions

(B) Visual acuity

(C) Posterior segment evaluation

(D) Tonometry–non-contact/digital

(12) Corneal scrapings/investigations

(A) Microscopy

(i) KOH

(ii) Gram stain

(B) Culture report

(i) Bacterial cultures after 24, 48, and 72 hrs of incubation

(ii) Fungal cultures after 3rd, 7th and up to 4 weeks of incubation

(13) Treatment

(14) Follow-up:

Day 1 Day 2 Day 3 1st wk 2nd wk 3rd wk 4th wk Subsq FUP

(i) Response to treatment

(ii) Ulcer parameters

(iii) Change in treatment

(iv) End result

(15) Surgery performed

(16) Post-surgery events

(17) Complications
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in which most cases of keratitis were recorded, 70 cases (37%),
followed by 59 cases (31%) in the 21- to 30-year age group. No
case of proven fungal keratitis occurred in the above-61-year
age group. The age and sex distribution is depicted in Table 2.

In our study the fungal keratitis cases were more com-
mon in the months of September and October 37% (71/191),
followed by 23% (43/191) during the monsoon months of July
to August, 18% (34/191) during the harvest season of January
to March, 14% (26/191) during April to June, with the lowest,
9%, being reported during November to December.

Predisposing risk factors were noted in 150 patients
(79%) (Table 3). A history of antecedent trauma to the cornea
was noted in 63/150 cases (42%). The type of corneal injury
sustained is elaborated in Table 4. Contact lens wear was the
risk factor in 25% (38/150) of the cases (Table 3). Twelve
cases had chronic ocular disease, which included herpes sim-
plex keratitis (5), atopic conjunctivitis (2), dry eyes (3), and
recurrent corneal erosion syndrome (2). Systemic conditions
with possible immunosuppression included diabetes mellitus
(3), leprosy (1), and rheumatoid arthritis (1) (Table 3). Among
the three diabetic cases, Candida albicans, Candida tropicalis,
and Aspergillus niger were isolated in one case each. Fusarium
oxysporium and Curvularia lunata were isolated from the
cases of leprosy and rheumatoid arthritis, respectively. Topical
corticosteroids had been prescribed to 21% of patients
(32/150) at the onset of keratitis (Table 3). These cases had
more extensive infiltrates than those not on topical steroids,
and the response to antifungal therapy was more sluggish.
However, we could not clearly establish these findings be-
cause the exact response time could not be measured. Two of
these eyes ultimately needed evisceration.

In the clinical examination of the cases of mycotic kera-
titis, satellite lesions, immune rings, and endothelial plaques
were seen in 17%, 12%, and 9%, respectively. Hypopyon was
found in 45% of our cases (Fig. 1).

Follow-up was possible in 110 cases for a mean period of
5.5 months (2–9 months). Of these 110 cases 58 (53%) had a

best corrected visual acuity (BCVA) of at least 20/40, 17 cases
(16%) had a BCVA between 20/60 and 20/100, and the re-
maining 35 (32%) cases had a BCVA of less than 20/200 at the
time of last follow-up. Nine cases (8%) developed secondary
glaucoma and required trabeculectomy. Adherent leucoma
was formed in 45 cases (41%), maculoleucomatous opacity in
62 cases (56%), and macular opacity in only three cases (3%).
Therapeutic penetrating keratoplasty had to be performed in 36
patients (18.8%). Indications for keratoplasty were corneal
perforation in 26 eyes, followed by worsening of the ulcer in
10 eyes. The BCVA of all these cases before keratoplasty was
less than counting fingers at 5 m. After keratoplasty, the
BCVA for these 36 cases improved to 20/200 or worse in 21
eyes (58%), 20/100 to 20/200 in 10 eyes (28%), and 20/80 in 5
eyes (14%). The fungal isolates in the corneal button of those

TABLE 2. Age and Sex Distribution of Mycotic
Keratitis Patients

Age
(years)

Male
(%)

Female
(%)

Total
(%)

0–10 11 (8.4) 13 (21.3) 24 (12.5)
11–20 2 (1.3) 9 (14.7) 11 (5.7)
21–30 47 (37.1) 12 (19.6) 59 (30.8)
31–40 56 (43) 14 (22.9) 70 (36.6)
41–50 4 (3) 7 (11.4) 11 (5.7)
51–60 10 (7.9) 6 (9.8) 16 (8.3)
61–70 0 0 0

Total 130 (68) 61 (31.9) 191

TABLE 3. Risk Factors for Fungal Keratitis

Risk Factors No. of Cases Percentage

Trauma 63 42
Contact lens wear 38 25
Topical steroids 32 21.3
Chronic ocular surface diseases 12 8

Herpes Simplex keratitis 5 3.3
Atopic conunctivits 2 1.3
Dry eyes 3 2
Recurrent corneal erosion 2 1.3

Systemic diseases 5 3.3
Diabetes mellitus 3 2
Leprosy 1 0.6
Rheumatoid arthritis 1 0.6

Total 150

TABLE 4. Traumatic Agents Associated With Fungal Keratitis

Trauma Agents No. of Patients Percentage

Agricultural products 33 52.3
Tree branch or thorn 16
Paddy 12
Vegetable matter* 5

Animal matter† 12 19
Dust soil or stones 10 15.8

Metallic foreign body 5 7.9
Physical violence 3 4.7

Total 63

*Hay, sugarcane, and grass.
†Cow’s tail and cow dung.
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cases that underwent keratoplasty is depicted in Table 5.The
keratitis recurred in 14 cases. Out of these 14 eyes, in 10 cases
it recurred within 2 weeks of clear graft, and in the remaining
4 the patients presented after a 4-week interval. Repeat graft-
ing was done for 4 of these cases, and 2 required conjunctival
flaps; the rest were lost to follow-up. Eight cases eventually
required evisceration for control of the disease.

Direct microscopic examination of KOH mounts (Fig. 2)
and Gram-stained smears revealed presence of fungal ele-
ments in the corneal scrapings in 119 (62%) (Table 6) and 114
(60%) (Table 7) of the subsequently fungal culture-positive
cases, respectively. The KOH mount was negative for any hy-

phae or fungal elements in 97% of subsequently fungal cul-
ture-negative cases. Thus, the sensitivity of the KOH mounts
and Gram-stained smears was 62% and 60%, respectively. The
specificity of these diagnostic tests was 97% each. Ten cases
revealed sterile cultures in spite of positive fungal elements on
smear examination. Among the 191 fungal culture-positive
cases, multiple colonies of pure fungal growth were observed
within 2–7 days of incubation in 168 (88%) cases, whereas in
23 (12%) cases mixed bacterial and fungal infection was ob-
served. The colonies of most hyaline and many phaeoid molds
were apparent as sterile mycelium after 48 to 72 hours of in-
cubation and sporulated with in 7–14 days of incubation. The
yeast isolates grew after 24 to 48 hours of incubation period. In
these 23 cases, Streptococcus pneumoniae was the most com-
mon bacteria to be isolated (10 cases), followed by Pseudomo-
nas species in 6 cases, coagulase-negative staphylococci in 5
cases, and Bacillus species in 2 cases. The spectrum of fungal
isolates included Aspergillus species in 78 (40.8%) followed

TABLE 5. Fungal isolates in Patients Requiring Therapeutic
Penetrating Keratoplasty

Fungi Isolated Number of Cases

Fusarium species 8
F. oxysporum 3
F. solani 2
F. species 3

Aspergillus species 13
A. niger 6
A. fumigatus 5
A. flavus 2

Curvularia species 7
Alternaria species 6

Total 36

TABLE 6. Microscopic Examination of Corneal Smear:
KOH Mount

Microscopic Findings
Cases With Positive

Fungal Cultures

Hyphae present 119
Hyphae absent 72

Total 191

FIGURE 1. Corneal ulcer caused by Aspergillus flavus.
FIGURE 2. KOH mount of corneal scraping showing numerous
branching, septate hyphae (�400).
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by Curvularia species in 55 (28.6%) (Table 8). Among the
Aspergillus species, Aspergillus niger was the most common
isolate in 64 cases (34%). Other fungi isolated in decreasing
order were Fusarium spp, Alternaria spp, Bipolaris spp, Sce-
dosporium prolificans, and Penicillium species (Table 8).
Yeasts isolated were Candida tropicalis, and Candida albi-
cans, each in one case. Both of these patients were subse-
quently proven to be patients with diabetes. The fungi isolated
from eviscerated eyes were Fusarium solani and Aspergillus
fumigatus from 3 cases each and Aspergillus flavus from two
cases.

DISCUSSION
Fungal keratitis is a devastating disease that is respon-

sible for corneal blindness, the second most common cause of

blindness in developing countries.4,11,13,14 To date the national
program to control blindness in our country has emphasized
treating trachoma as the major blinding disorder of the cornea,
but recent Indian studies have highlighted the importance of
fungal keratitis as a corneal blindness disease entity.4,7,10,11 In
the developing countries where an agricultural environment
and humid climate couple with malnutrition, all are conducive
to the development of infective keratitis from minor trauma. In
addition, fungi are normally present as commensals in con-
junctival flora of healthy eyes in about in 3–28%1,15,16 and can
invade the cornea in suitable conditions such as following
trauma, corticosteroid administration, or in diseased corneas.

Previous data report that fungal keratitis is most com-
mon in the sixth decade, ie, 51–60 years.2,3,7,11 We, however,
found that this disease involves the younger subgroup 31–40
years most frequently at 37%, followed by 21–30 years at 31%.
Because patients in the third to fourth decade age group (20–40
years) are often the breadwinners of the family, the blindness is
of much greater economic consequence. Only previous study
by Sandhu et al12 in 1981 has agreed with our finding of fungal
keratitis being most common in the third decade. A recent re-
port from South India also found the younger age group to be
more predisposed to this entity.17

The surprising finding was of no case of proven fungal
keratitis being more than 61 years of age. The reasoning we
came up with was that in our country, especially in the poorer
socioeconomic section (which our hospital caters to), this age
group patients are mostly dependent on their children for
health care. The prevalent belief is that infections would re-
quire repeated hospital visits, unlike the easily treatable cata-
ract, and that fact coupled with dependence on children may be
responsible for the gross underreporting of such cases to refer-
ral centers as ours.

The frequency of keratitis was greater in men than in
women: the former were affected 2 times more than the latter
(68% vs 32%). This is in accord with prior studies both from
this region4,7,9,11,12,17,18 and from other parts of the world,2

where male preponderance has been established in a ratio rang-
ing from 1.5:1 to 4.5:1. However, Tanure et al3 in 2000 found
men and women from North America to be equally affected.
By the nature of their work profile, men are more exposed to
outdoor activities, thereby increasing their vulnerability to the
disease.

In our study, the cases were most common in the months
of September and October. This is substantiated by Panda et al4

and Gopinathan et al17 in 1997 and 2002, wherever higher pre-
ponderance of cases occurred during monsoons and early win-
ter because of the high humidity found during these months.
Other workers have reported a higher incidence during harvest
seasons,9 spring, and early winter,2,12 probably because of a
larger number of vegetative injuries during these seasons and
the propensity for fungal growth in such an environment.

TABLE 7. Microscopic Examination of Corneal Scrapings by
Gram-Stained Smears

Microscopic Findings
Cases With Positive

Fungal Cultures

Hyphae present 114
Hyphae absent 77

Total 191

TABLE 8. Spectrum of Fungi Isolated

Fungi Isolated No. of Isolates Percentage

Aspergillus species 78 40.8
A. niger 64 33.5
A. fumigatus 10 5.2
A. flavus 2 1.0
A. terreus 2 1.0

Curvularia species 55 28.7
Curvularia lunata 28 14.6
Curvularia species 27 14.1

Fusarium species 24 12.5
F. solani 10 5.2
F. oxysporum 8 4.1
F. species 6 3.1

Alternaria species 20 10.4
A. alternata 8 4.1
A. species 12 6.2

Bipolaris species 8 4.1
B. australiensis 6 3.1
B. hawaiiensis 2 1.0

Scedosporium prolificans 2 1.0
Penicillium species 2 1.0
Candida albicans 1 0.5
Candida tropicalis 1 0.5

Total 191
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The most common predisposing factor found in our
study was corneal injury in 62 eyes (42%). The agents respon-
sible for this trauma were primarily agricultural matter such as
thorns, tree branches, and paddy grain, contributing to 52.3%
of all traumatic cases (Table 4). Animal products commonly
implicated were injury with cow’s tail and cow dung. Other
reviewers have also found trauma to be the common denomi-
nator in the disease spectrum of fungal keratitis.3,4,10,12,17 The
percentage of corneal trauma has been reported to be as high as
66% by Srinivasan et al10 and as low as 8% by Tanure et al.3

The most frequent cause for injury was with vegetable matter
in the range of 44–69%.2,4,5,10,17,19 A study from Nepal gives
exquisite detail of rice stalk injury being the common culprit in
as many as 53% of remembered injuries.14 Another common
risk factor, according to reports from developed countries, has
been documented to be contact lens wear. This has been im-
plicated in 6–29% of the infective keratitis cases in such na-
tions.2,3,20,21 In our study 20% of all our cases were using some
type of contact lenses at the time they developed the ulcer. This
high prevalence may reflect on the poor hygienic practices fol-
lowed by the contact lens wearers. However, most studies from
developing countries have not corroborated this finding, and a
large series comprising of 740 patients and 405 patients from
North India7 and Nepal,14 respectively, have found no case of
contact lens wear in any case of keratitis. The other risk factors
found were diabetes mellitus2,3,17 and human immunodefi-
ciency virus infection.3 We could identify only 3 patients with
diabetes out of our 191cases. Given the fact that antibiotic
drops are available in our country over the counter, and de-
layed referrals are the common practice, most of our patients,
64%, were already on treatment before being referred to us.
This has been corroborated by past researchers, who found that
up to 88% were on treatment before being evaluated at the
specialty center.3,10,17,22 Among these, topical corticosteroids
had been prescribed for 17%. This figure has been echoed by
Tanure et al,3 where 21% patients had been on topical cortico-
steroids before being referred; however, a low figure of 3% for
the same group has been quoted by Upadhyay et al.14 Cortico-
steroids have been proven to alter corneal metabolism, thereby
changing the defense mechanism, favoring growth of fungi.23–25

They activate nonpathogenic fungi and increase the virulence
of pathogenic fungi and thus are contraindicated in the treat-
ment of fungal keratitis. In our study series the observation was
that those patients on topical steroids had more extensive in-
filtrates, and the response to antifungal therapy was more slug-
gish. Two of these eyes ultimately needed evisceration.

Most of the data on fungal keratitis is from retrospective
studies of culture-proven mycotic keratitis. Very few compre-
hensive large-scale demographic studies are available in our
country and abroad that provide information regarding the
prevalence of this entity. The prevalence of 39% of fungal
keratitis in our case series is at variance with other large hos-
pital-based series by Chander et al,7 who have reported a

prevalence of 8.3% in 740 patients of corneal ulcer, but in con-
cordance with the figure of 32% quoted by Sandhu et al12 in a
study from Amritsar. Both of the above-mentioned studies are
also from North India. The corresponding figures from similar
hospital-based data of South India are commonly 11–
47%.11,26–28

The most common fungus reported from our country is
Aspergillus spp, accounting for 40% and above.4,7,9 This is in
accordance with our finding of 41%. Both Aspergillus fumiga-
tus and Aspergillus flavus have been almost equally implicated
as the infecting fungal species.7,12 However, in our series As-
pergillus niger was found to be the most common species
(33%). The other common fungi to be reported have been
mostly Fusarium spp (6–37%) and Penicillium spp (2–
29%).10,17,28,29 In other developing countries too, Fusarium
spp and Aspergillus spp has been the most common fungi iso-
lated.14,30,31 In our series the high prevalence of phaeoid fungi,
Curvularia spp (29%), is at variance with the low prevalence
of 3–8%.4,7,9,12,14,17 However, in the two large series of pure
dematiaceous keratitis, it has emerged as the most common
species to be isolated.32,33 Similar data from developed nations
such as the United States and Britain have found Candida spe-
cies to be the most common isolate in cases of fungal kerati-
tis.3,20,34 However, in the same nations where a primarily
agrarian population is subjected to risk of trauma by organic
matter, for example the Minnesota5 and Florida2,6 regions of
United States, filamentous fungi were the common isolates. In
our study too, filamentous fungi were the sole responsible
agents causing keratitis, anteceded by trauma. Yeast infectious
keratitis occurs commonly in host corneas with compromised
immune defenses. In our series, the two cases of Candida kera-
titis were seen in immunocompromised corneas (diabetes mel-
litus).

Hypopyon was found in 45% of our cases. This tallies
with the study of Srinivasan et al,9 who found a hypopyon in
66% of their fungal ulcer cases. A similar figure of 54% was
reported from a study in Madurai in South India.10 The treat-
ment protocols of 5% natamycin and amphotericin 0.15% was
similar to that used by most previous researchers.2,3 Oral anti-
fungals were used by us in accord with established treatment
guidelines.2,35 Debridement as practiced by us has been docu-
mented by previous workers to have significant value in re-
moving necrotic debris and thus enabling the topical antifun-
gals and antibiotics in reaching viable tissues, removing tox-
ins, and thus hastening the healing process.8 Keratoplasty was
required in 36 (33%) fungal keratitis patients until the last fol-
low-up of 9 months. A similar rate of 25–27% has been re-
ported by prior studies.2,3

In the present study the KOH mounts of corneal scrap-
ings were found to be positive in 62% of subsequently culture-
positive cases, whereas Gram-stained smears as a diagnostic
aid in mycotic keratitis were positive in 60% of cases. The
specificities of both of these diagnostic tests were 97% each.
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Sharma et al36 from South India have given a figure of 61%
sensitivity, 99% specificity of KOH with calcoflour white tests
in their series of early fungal keratitis. The other reports give
higher figures of 90–94% sensitivity by workers from North
India,4,37 whereas from developed countries a low sensitivity
of 33% has been recorded.38 Gram- and Giemsa-stained
smears are reported to be positive in 45–75% of culture-
positive cases of mycotic keratitis, which is in agreement with
our findings.22,39 The present study highlights the relevance
and sensitivity of KOH examination and Gram-stained smear
as a simple, rapid, and inexpensive means of making a tenta-
tive diagnosis of fungal keratitis.

CONCLUSION
To develop a comprehensive strategy for the diagnosis,

treatment, and ultimately prevention of corneal ulcers it is im-
perative to know the geographic pattern of the pathogenic or-
ganisms responsible and to identify the risk factors. The iden-
tification of the fungal species is relevant to optimize the anti-
fungal therapy. The purpose of this study was to provide such
a data bank for North India and to delineate the pattern of my-
cotic infections responsible for blindness from keratitis. In ad-
dition we have reinforced the relevance and sensitivity of the
smear examination as a rapid, simple, inexpensive means to
diagnose fungal keratitis.
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