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N a t a m y c i n  i n  t h e  t r e a t m e n t 
of keratomycosis: Correlation of 
treatment outcome and in vitro 
susceptibility of fungal isolates

Linu Pradhan, Savitri Sharma, Suma Nalamada1, 
Srikant K Sahu, Sujata Das, Prashant Garg1

In this study, 60 fungal isolates from 60 patients with fungal 
keratitis were tested in vitro for their susceptibility to natamycin 
and the mean minimum inhibitory concentrations of natamycin 
(MICn) were correlated with clinical outcome. The mean MICn 
for various groups of fungi from patients with either early (<10 
days) or late (>10 days) presentation was correlated with the 
outcome. Aspergillus fl avus showed resistance to natamycin with 
a high mean MICn (>16 μg/ml). While the clinical response in 
all patients with early A. fl avus keratitis was good it was poor 
in late cases (5/8 patients, 62.5%). Fusarium species, Acremonium 
species and dematiaceous fungi were sensitive with low mean 
MICn (Fusarium: 5.7-7.2 μg/ml, Acremonium: 5.7-6.8 μg/ml, 
dematiaceous: (1.6-4 μg/ml). However, 46.6% (7/15) patients 
in Fusarium and 57.1% (4/7) in Acremonium group needed 
keratoplasty. We conclude that despite susceptibility of most 
fungal species causing keratitis to natamycin, the treatment 
outcome is poor in advanced fungal keratitis.
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Keratomycosis is the leading cause of ocular morbidity 
throughout the world and fungi are the principal etiological 
agents of corneal ulceration in India.[1-3] Diff erent classes of 
antifungal drugs used for treatment of fungal keratitis include 
polyenes, triazoles, and echinocandins.[2] Of these, natamycin 
is the mainstay of treatment and is widely used in India. 
However, treatment outcome in fungal ulcers tends to be poorer 
compared to bacterial and Acanthamoeba keratitis.[1,3] 

In the non-ophthalmic literature a fairly wide range of 
antifungal susceptibility test results are available for prediction 
of clinical outcome in fungal infections.[4] In contrast, such 
information is lacking in keratomycosis. Only a limited number 
of antifungal susceptibility testing of ocular isolates has been 
reported[5,6] and except for one none have correlated with 
response to treatment in the patients.[6] In the present study 
60 fungal isolates from 60 patients with fungal keratitis were 
tested in vitro for their susceptibility to natamycin eye drop 
and the mean minimum inhibitory concentrations (MIC) were 
correlated with the clinical outcome with topical 5% natamycin 
eye drops. 

Materials and Methods
In this prospective, non randomized interventional study 
corneal scrapings from patients with microbial keratitis were 
processed and interpreted as per our institutional protocol.[3] 
Consent was obtained from all patients. Taking appropriate 
laboratory precautions all signifi cant fungal growth were 
tested for their susceptibility to natamycin eye drop (Sun 
pharmaceutical Ind. Ltd, Mumbai, India) by the previously 
described microbroth dilution method.[7] 

All patients received intensive treatment with one hourly 5% 
natamycin eye drops round the clock in the aff ected eye for the 
fi rst three days with subsequent modifi cation as per response. 
Twenty fi ve patients were given oral ketoconazole (200 mg 
twice daily) and two patients received oral fl uconazole (150 mg 
twice daily). Clinical outcome at one month was considered 
for analysis. An ulcer was defi ned either completely healed or 
resolving (reduction in infi ltrate size) or worsened (increase 
in infi ltrate size, keratoplasty). Since the treatment outcome is 
known to be aff ected by severity of disease the mean MIC of 
natamycin for diff erent groups of fungi for patients presenting 
with in 10 days (early onset) or aft er 10 days (late onset) of 
symptoms were correlated with the clinical outcome.[8] 

Results
Fungal species wise comparison of mean MIC of natamycin 
with treatment outcome was made among the patients with 
early and late onset disease [Table 1]. A. fl avus (n = 13) showed 
the highest mean MIC (early-17.7 μg/ml, late-20.0 μg/ml) 
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suggesting lowest susceptibility to natamycin. Excluding the 
patients lost to follow up fi ve out of 6 patients (83.3%) had poor 
clinical response in the late group (A. fl avus) while none had 
worsened in the early group (A. fl avus). A. fumigatus, in contrast, 
showed high susceptibility to natamycin in vitro with mean 
MIC of 4.12 μg/ml. The clinical outcome, however, was poor in 
the cases that presented late. MIC of natamycin was relatively 
low for Fusarium species with mean MIC between 5.7-8 μg/
ml. Nevertheless, 7 out of 14 patients (50.0%, 1 lost to follow 
up) needed penetrating keratoplasty to control the infection 
suggesting poor clinical response to natamycin. Among the 
dematiaceous fungi, Curvularia species were isolated in four 
patients and natamycin showed low MIC against these isolates 
(mean MIC in early - 1.6 μg/ml, late - 2 μg/ml). 

Discussion
A notable publication by Prajna et al., has convincingly shown 
that eye drop preparations are an alternative to pharmaceutical 
grade natamycin (not available to most laboratories) for 
testing antifungal susceptibility.[7] This study applied the same 
technique to evaluate the MIC of natamycin against various 
isolates of fungi from corneal scrapings of patients with mycotic 
keratitis. Owing to a small sample size in various groups of 
fungi, the mean MIC[9] was considered for comparison rather 
than MIC90 or MIC50. Susceptibility breakpoints for natamycin 
have not been described so far in CLSI guidelines, however, 
MIC of 16 μg/ml or less is considered to indicate susceptibility 
of a fungal isolate.[7] This study reassuringly found low MIC 
of natamycin (<16 μg/ml) in all fungal isolates tested except 
A. fl avus. A. fl avus associated with keratitis is a particularly 
virulent fungus and is known to be associated with poor 
outcome in keratomycosis.[8] Apart from the toxins,[10] its 
perilous status is compounded by its resistance to natamycin. It 
is not known whether this resistance is inherent to this species. 

All isolates of Fusarium species were sensitive to natamycin 
but that did not translate to good clinical outcome in patients 
with Fusarium keratitis irrespective of early or late presentation. 

This probably points to the well known fact of poor penetration 
of natamycin especially in presence of advanced fungal keratitis 
affecting deeper layers of the cornea. Most encouraging 
results were obtained with respect to dematiaceous fungi 
[Table 1]. Scedosporium apiospermum and Bipolaris species 
showed susceptibility to natamycin with low MIC as well as 
favourable response to treatment with natamycin. However, 
both patients with Exerohilum species infection had presented 
late and showed poor response. Good treatment outcome in 
keratitis caused by dematiaceous fungi can be att ributed to 
low virulence of dematiaceous fungi and their tendency to 
remain in the superfi cial tissues of cornea for long.[11] This 
study shows that a low MIC of natamycin (susceptible fungi) 
was not always associated with good treatment outcome 
with natamycin in fungal keratitis. As is well known, a large 
number of factors aff ect success or failure of medical therapy 
of fungal keratitis, severity of infection being one of them.[8] 
Our treatment protocol for fungal keratitis includes systemic 
antifungals for patients with the ulcer more than 6 mm in 
diameter or extending beyond anterior half of the stroma or 
when there is hypopyon. Systemic antifungal therapy given in 
some of the patients in this study may be a confounding factor 
which was not analyzed and is one of the limitations of this 
study. Using logistic regression Shapiro et al., showed that a 
two fold increase in MIC results in 47% reduction in the odds 
of healing.[6] However, results of the present study suggest that 
such a conclusion may be too simplistic and a considerably 
large study addressing multiple factors would be necessary 
to determine the eff ect of various parameters on the treatment 
outcome of fungal keratitis. 

Despite the limitation of small sample size in each group 
of fungi and statistically non signifi cant results, we believe 
that our results are clinically signifi cant. The susceptibility of 
A. fl avus to natamycin is particularly poor and patients with 
this infection may require aggressive treatment, closer follow 
up and early surgical intervention. In vitro susceptibility of 
most other species of fungi, such as Fusarium spp., A. fumigatus, 

Table 1: Treatment outcome of patients with early (<10 days) and late (>10 days) onset of fungal keratitis caused by various 
groups of fungi and their correlation with MIC of natamycin

Name of Fungus Data 
comprising

Total No.
(%)

Mean MIC 
(μg/ml)

Range of 
MIC (μg/ml)

Healed Resolving Worsened Lost to
follow up

Fusarium species    Early 8 (13.3) 6.0 4-8 3 2 3 0

Fusarium species Late 7 (11.6) 7.4 4-8 2 0 4 1

Curvularia species Early 3 (5.0) 1.6 1-2 1 1 0 1

Curvularia species Late 1 (1.6) 2 2 0 1 0 0

Acremonium species Early 5 (8.3) 5.7 4-8 2 0 1 2

Acremonium species   Late 7 (11.6 6.8 4-16 1 2 4

Aspergillus fl avus      Early 5 (8.3) 17.7 8-32 2 2 0 1

Aspergillus fl avus      Late 8 (13.3) 20.0 16-32 1 0 5 2

Aspergillus fumigatus   Early 1 (1.6) 2 2 1 0 0 0

Aspergillus fumigatus   Late 8 (13.3) 4.12 2-8 2 2 3 1

Aspergillus terreus   Late 1 (1.6) 16 16 0 0 0 1

Aspergillus niger      Early 1(1.6) 2 2 1 0 0 0

Scedosporium apiospermum  Early 1 (1.6) 2 2 1 0 0 0

Bipolaris species Late 2 (3.3) 2 2 1 1 0 0
Exserohilum species Late 2 (3.3) 4 4-4 0 0 2 0
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Optimal dosage of cyclopentolate 
1% for cycloplegic refraction in 
hypermetropes with brown irides

Kanwar Mohan, Ashok Sharma1

To fi nd the optimal dosage of cyclopentolate 1% for cycloplegic 
refraction in hypermetropes with brown irides, we investigated 
the difference in cycloplegic auto-refractions obtained after 
one, two, and three instillations in the same patient. The mean 
hypermetropia found aft er three instillations was statistically 
signifi cantly more compared to that found aft er one instillation. 
There was no statistically signifi cant diff erence in the mean 
hypermetropia between two and three instillations. There was 
no signifi cant eff ect of gender, age, and the presence and type of 
horizontal deviation. These observations suggest that two drops 
of cyclopentolate 1% 10 min apart are suffi  cient for cycloplegic 
refraction in hypermetropes.
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No consensus exists on the optimal dosage of cyclopentolate 
for cycloplegic refraction.[1-8] It is important to study a multi-
dosage approach to fi nd out the lowest number of instillations 
of cyclopentolate required to produce adequate cycloplegia 
with minimum systemic side eff ects. Studies on the optimal 
dosage of cyclopentolate are few and have been conducted 
with two diff erent dosage schedules in the same patient.[9,10] 
There is no study with three different dosage schedules 
of cyclopentolate in the same patient. We believe that age, 
refractive error, iris pigmentation, and ocular deviation are 
the potential confounding variables with a possible eff ect on 
measured hypermetropia, as mentioned by Bagheri et al.,[10] 
also. We also believe that using one, two, and three instillations 
of cyclopentolate in the same patient can eliminate these 
variables. 

To find out the lowest and the optimal dosage of 
cyclopentolate for cycloplegic refraction, we compared 
hypermetropia found aft er one, two, and three instillations in 
the same patient with brown irides.

Materials and Methods
This study included 51 hypermetropes (25 males and 26 
females) with brown irides who attended the strabismus 
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Acremonium spp., S. apiospermum, Bipolaris spp., Curvularia spp. 
etc., to natamycin may account for good clinical response when 
the intervention occurs early in the disease. 
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