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Abstract
·AIM: To review published clinical studies examining the
effect of natamycin in the treatment of fungal keratitis.

·METHODS: We selected the publications in CENTRAL,
MEDLINE, EMBASE, CNKI, and CBM. This study
systematically reviewed published randomized controlled
trials (RCTs) that compared natamycin to other antifungal
agents, and conducted feasible Meta-analysis of efficacy
results using Revman 5.2 software.

·RESULTS: We included seven trials which were mainly
carried out in developing countries of Asia, with five
trials conducted in India, one each in China and
Bangladesh. A total of 804 participants were randomized
to following comparisons: 2% econazole versus 5%
natamycin showed little difference in the effects of
treatment of fungal keratitis [RR =0.99, 95% confidence
interval (CI), 0.8 to 1.21]; chlorhexidine gluconate versus
5% natamycin indicated that the results on healing of the
ulcer at 21d was less conclusive (RR=0.77, 95% CI, 0.55
to 1.08; 2 =0%); 1% voriconazole versus 5% natamycin
suggested that natamycin treatment appeared to be
significantly better outcomes than voriconazole (regression
coefficient =-0.18 logMAR; 95% CI, -0.30 to -0.05; =
0.006), especially in cases (regression
coefficient=-0.41 logMAR; 95% CI, -0.61 to -0.20; <0.001);
natamycin versus fluconazole showed a significant
difference in cure rate ( 2 =5.048, <0.05) and natamycin
group was more effective than fluconazole in average
period of therapy ( =7.94, <0.01).

·CONCLUSION: Natamycin was a preferable choice in
the treatment of fungal keratitis, especially in the early
period of cases.

· KEYWORDS: eye infection; fungal; natamycin; Meta-
analysis
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INTRODUCTION

F ungal keratitis is a leading cause of blindness in corneal
diseases, which is relatively common in warm climates

and developing countries [1-3]. Recent reports suggest the
prevalence for fungal ketatitis was increasing [4,5]. A study
reported that fungal ulcers as a serious public health problem
in north China, in which the dominating pathogen was genus

(77.6%), and the second common pathogen was
genus (10.8%) [6]. Moreover, both of
and were mostly sensitive to natamycin. Fungal
keratitis results in severe visual impairment, and the
treatment is more difficult than other corneal infections [7,8].
The gold standard for the treatment of fungal keratitis has
not been identified [9,10], and the main management is
antifungal agents involving topic antifungal drops such as
natamycin and topical amphotericin B. For acute corneal
perforation and visual rehabilitation, therapeutic penetrating
keratoplasty is needed.
The antifungal agents used for treatment of fungal keratitis
include three classes: polyenes, triazoles, and echinocandins.
Natamycin is a tetraene polyene which has been regarded as
the most important agent in the management of fungal
keratitis. It acts by binding with ergosterol, which is an
essential component in fungal cell wall, and blocks fungal
growth. Natamycin is the only antifungal medication
approved by U.S. Food and Drug Administration [11]. There
were previous studies reporting the efficacy of natamycin
and comparing it with other agents in management of fungal
keratitis, but the results were not completely consistent.
FlorCruz [9] reported that there is no evidence to date
that any particular drug, or combination of drugs, is more
effective in the treatment of fungal keratitis. Therefore, a
systematic review of available reports will conduce to the
evidence base, and we performed this Meta-analysis to
assess the efficacy of natamycin in the treatment of fungal
keratitis.
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MATERIALS AND METHODS
Search Strategy We searched the publications in
CENTRAL (which contains the Cochrane Eyes and Vision
Group Trials Register) (The Cochrane Library 2014, Issue
1), Medline, Embase, CNKI (China National Knowledge
Infrastructure), CBM (Chinese Biological Medicine
Database), following the Cochrane's highly sensitive search
strategy and used relevant keywords and medical subject
heading (MeSH) terms, including "natamycin or pimaricin"
and "eye infections, fungal" "antifungal agents". We also
handsearched the reference lists of identified trial reports and
case reports for to find relevant articles. There were on
language restrictions in the search for trials.
Trial Selection Two reviewers (Qiu S and Wang X)
independently scanned the titles and abstracts to exclude the
trials which were obviously not conform to the inclusion
criteria. Full text reports of the studies that definitely or
possibly met the inclusion criteria were examined for further
assessment. They cross checked into the results, and
determined that whether the paper should be excluded or
included by discussion or the third reviewer. We also
contacted with the authors to perfect our data.
Inclusion Criteria The inclusion criteria included: 1) type
of studies: randomized controlled trials (RCTs) that
compared efficacy of natamycin with control or other
antifungal eye drop; 2) type of participants: all age patients
with fungal keratitis diagnosed clinically or
microbiologically, and we excluded the patients infected by
mixed bacteria and fungi; 3) type of interventions: we
considered studies using different concentrations of
natamycin in the treatment of fungal keratitis. This included
placebo controlled trials or trials comparing natamycin to
other antifungal agents; 4) type of outcome measures: a)
primary outcomes: best spectacle-corrected visual acuity
(BSCVA) at 3mo; b) secondary outcomes: the time to be
defined as a healed or healing ulcer; the safety of
medication; complication including scar size, perforations;
assessment and presence or absence of toxicity after
treatment.
Assessment of Risk of Bias The risk of bias in the
included studies was assessed in accordance with Cochrane
handbook. Two authors (Qiu S and Wang X) independently
assessed the risk bias of studies and resolved the
disagreement by discussion. Each bias domain listed in the
Cochrane risk of bias tool was assessed and graded as "low
risk of bias", "high risk of bias" and "unclear". We need to
contact the authors for illustration of any parameter graded
as unclear.
Data Extraction and Analysis Two reviewers (Qiu S and
Wang X) independently implemented the data extraction that
met the inclusion criteria. The full texts of selected trials
were read to determine whether they contained useful
information. Any disagreement was resolved by discussion to

reach a consensus among the investigators. The following
data were collected from each study: 1) publication data: the
first author's last name, year of publication, country of
origin; 2) characteristics of the participants: the setting,
sample size, gender, age; 3) interventions: natamycin, other
antifungal agents, dose of medication, and administration
route; 4) follow-up time; 5) outcome measurement: the
number of healed or healing ulcers treated with natamycin or
other agents, the number of other outcomes and the
complications.
We used Review Manager 5.2 for Meta-analysis. We
calculated a relative risk ratio for dichotomous data and the
weighted mean difference for continuous data. We calculated
the point estimate and confidence intervals (CIs) with a 95%
CI for each result. We evaluated the statistical heterogeneity
by Cochrane 2 tests and qualified it by calculating the

2 statistic. If significant heterogeneity was observed
between studies ( 2>50%), a random-effects model was used
to pool the data; otherwise, a fixed-effects model was used.
We considered to conducting a sensitivity analysis by
excluding studies which were at high risk of bias in the
protocol, but the current study does not include many more
Meta-analysis so it was not done. If possible we will do
further sensitivity analysis, so that we can judge the
importance of review results to crucial decisions and
assumptions that we have made during the review. Data
analysis will be repeated with the following methods:
exclusion of trials at high risk of bias; exclusion of
unpublished studies; changing inclusion criteria of the
studies, participants, interventions or outcome measures;
reanalyzing the data using another statistical approach, such
as using a random-effects model instead of a fixed-effects
model.
RESULTS
Studies Selection Figure 1 showed the selection of eligible
studies. We identified 493 articles through primary literature
search. Two hundred and twelve articles were selected to
screen the abstract and titles. After that, 198 articles were
excluded and 14 potential relevant articles were obtained for
full text review. Finally, 7 eligible studies were included for
the systematic review and Meta-analysis[11-17].
Study Characteristics Table 1 summarizes the
characteristic of the 7 included studies. A total of 804
patients with 804 eyes in 7 included trials were enrolled in
this review. The baseline characteristics are summarized as
follows. The countries of participants were mainly
developing countries in Asia (5 in India [11-13,15,17], 1 each in
China [14] and Bangladesh [16]). Sample size was range from
30-323 eyes. The mean age of participants was 43.49y, and
64% were male. The follow-up time was range from 21d to
3mo. All the trials tested the efficacy of natamycin by
comparing with other antifungal drugs. Only 1 study tested
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2.5% natamycin [16]. Natamycin regimen and duration were
almostly once for 2h or 3h, only 1 trial using natamycin 7
times per day [14]. All the durations were up to the follow-up
time (Tables 1, 2).
Quantitative Data Synthesis
Risk of bias in included randomized controlled trials
Figures 2 and 3 show the risk of bias assessment on included

Figure 1 Flow diagram of selection process of articles for this
Meta-analysis.

Figure 2 Risk of bias Each risk of bias item for each selected
study.

Table 1 Basic characteristics of included trials 
Mean age± SD (a) M/F 

Study (a) Country n 
NAT Control Overall NAT Control Overall 

Prajna et al[12] (2013) India 323 NS NS NS NS NS NS 
Arora et al[11] (2011) India 30 37.93±15.14 48.47±3.53 NS 10/5 11/4 21/9 
Prajna et al[13] (2010) India 120 49.8±11.9 47.0±14.5 NS 42/18 37/23 79/41 

Wang et al[14] (2010) China 84 45.4±15.38 
(20-66) 

46.7±15.56 
(5-72) NS 23/19 22/20 NS 

Prajna et al[15] (2003) India 116 NS NS 37.0±13.8 
(7-84) NS NS 72/44 

Rahman et al[16] (1998) Bangla-desh 71 NS NS NS 27/9 25/10 52/19 
Rahman et al[17] (1997) India 60 44.3±17.3 42.6±16.2 NS NS NS NS 

NS: Not specified in RCT; NAT: Natamycin. 

Table 2 Administration of natamycin in included studies 
Completion of follow-up (No. of patients) 

Study (a) Follow-up Concentration 
of NAT(%) 

NAT regimen 
and duration NAT Control Overall 

Prajna et al[12] (2013) 3mo 5 once/2h for 3mo 141/162 143/161 284/323 
Arora et al[11] (2011) 2mo 5 once/h for 2mo 15/15 15/15 30/30 
Prajna et al[13] (2010) 3mo 5 once/2h for 3mo 56/60 53/60 109/120 
Wang et al[14] (2010) 35d 5 7 times/d for 35d 42/42 42/42 84/84 
Prajna et al[15] (2003) 1mo 5 once/2h for 1mo 59/61 52/55 111/116 
Rahman et al[16] (1998) 21d 2.5 once/3h for 21d 27/36 26/35 53/71 
Rahman et al[17] (1997) 21d 5 once/3h for 21d 16/18 42/42 58/60 
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Figure 3 Risk of bias Each risk of bias event presented as percentages across all selected trials.

Figure 4 Comparison of the response of chlorhexidine gluconate and natamycin in management of fungal keratitis at five days.

Figure 5 Comparison of the effect of chlorhexidine gluconate and natamycin in management of fungal keratitis on corneal ulcer
healed at 21d.

trials. For selection bias, 4 trials [12,13,16,17] of 7 RCTs reported
adequate methods of sequence generation and allocation
concealment. It was always difficult for masking of
participants. For performance and detection biases, only 2
studies [12,13] reported adequate masking of participants,
personnel and outcome assessment. For attrition bias, 5
trials [11-14,17] of 7 had reasonably complete data and were
judged as low risk. In the other studies, attrition bias was
considered to be possible. In the included trials, reporting
bias was not considered to be a major problem but it was
always difficult to evaluate it sufficiently.
Outcome Measures Seven trials reported the comparison
of natamycin to different antifungal agents. Prajna [15]

showed that there were little difference in the effects of
econazole and natamycin which was published in 2003
(RR=0.99, 95% CI, 0.8 to 1.21). Two of seven trials carried
out by the same investigator indicated that there was some
evidence for a favourable effect of chlorhexidine gluconate
compared to natamycin in response at five days (RR=0.45,
95% CI, 0.13 to 1.56; 2 =80% ; Figure 4), the results on

healing of the ulcer at 21d was less conclusive (RR=0.77,
95% CI, 0.55 to 1.08; 2 = 0%; Figure 5) [16,17]. In studies of
Arora [11] and Prajna [12,13] there were no evidence
for any difference between natamycin and voriconazole.
However, the study of Arora [11] was rather small and it
was impossible to combine the data of these studies because
of differences in outcomes presented. In 2010, Prajna [13]

found that people treated with voriconazole had a 1 line
better best correct visual acuity compared to people treated
with natamycin at three months, however, this difference
was not statistically significant ( =0.29). Otherwise, Prajna

[12] conducted another trial to compare natamycin with
voriconazole in 2013, suggesting that natamycin treatment
appeared to be significantly better clinical and
microbiological outcomes than voriconazole in management
of fungal keratitis (regression coefficient =-0.18 logMAR;
95% CI, -0.30 to -0.05; =0.006), and much of the variance
due to elevated results in cases (regression
coefficient =-0.41 logMAR; 95% CI, -0.61 to -0.20; <0.001).
Wang [14] found that natamycin was more effective than
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fluconazole in the management of fungal keratitis, and there
was a significant difference between natamycin and
fluconazole in cure rate ( 2 =5.048, <0.05). Additionally,
the natamycin group was more effective than fluconazole in
average period of therapy ( =7.94, <0.01).
Prajna [12] concluded that natamycin-treated cases had
less likely to have perforation or require therapeutic
penetrating keratoplasty than voriconazole-treated cases in
the study which was published in 2013 (OR=0.42; 95% CI,
0.22 to 0.80; =0.009), but did not describe the adverse
reaction of drugs in details, so as to his two other trials [13,15].
No adverse reactions to study antifungal agents were noted
in Arora 's [11] trial. There was no descriptions of
significant systemic or ocular adverse reactions from
natamycin and chlorhexidine gluconate groups, but a case of
temporary punctate epitheliopathy was reported in one
patient receiving chlorhexidine gluconate due to frequent
application of the drops [16,17]. No early cataract formation for
participants treated with chlorhexidine gluconate and
natamycin was recorded at six months to one year after
treatment. There were no systematic mild side effects
observed in the trial of Wang [14] which compared
natamycin to fluconazole.
DISCUSSION
Meta-analysis attempts to analyze and combine the results of
previous reports [18].This systematic review provided a critical
overview of previous clinical reports and combined effect
measures of natamycin in multiple small clinical trials to
increase statistical power. It included seven trials comparing
natamycin to different antifungal drugs for the treatment of
fungal keratitis. All trials were implemented in developing
countries because of the higher incidence than developed
countries. There are still no large multicentre randomised
trials to assess the efficacy of natamycin on the treatment of
fungal keratitis.
Four antifungal agents, namely, voriconazole, econazole,
fluconazole and chlorhexidine gluconate were comparing to
natamycin. Former three drugs are conventional agents for
fungal infection. They are triazoles and act by inhibiting the
biosynthesis of ergosterol, which natamycin binds with.
Natamycin has been considered to be mainstay for treatment
of filamentous fungal keratitis [19]. Natamycin is the only
commercial antifungal drug in ophthalmic form and is
expensive [9,20,21]. Since fungal keratitis often occurs in
developing countries, natamycin performs limited availability
although natamycin is offered as a service drug [22]. There
were a few clinical trials have been done on natamycin to
evaluate the efficacy by comparing to other agents.
There is no significant evidence suggesting that natamycin is
more effective than other antifungal agents for the treatment
of fungal keratitis in terms of the seven trials included in this

review. The evidence supporting natamycin as a gold
standard for the treatment of fungal keratitis seemed to be
weak. The reasons were that other effective antifungal agents
such as amphotericin B[7,23,24], itraconazole[25], miconazole and
sliver sulphadiazine [26-28] have not yet been compared in a
large scale RCTs, and the trials compared natamycin to
different antifungal agents with different outcome measures.
So it was inadvisable to put the data together, and we did not
pool all the results since there was no large scale trial for
natamycin comparing to particular agent. However, natamycin
has been regarded as the first line in the management of
fungal keratitis [29]. A few researches had reported that
natamycin was significantly more effective than voriconazole
or fluconazole in management of fungal keratitis.
Participants exposed to natamycin had preferable 3mo
BSCVA or higher cure rate, particularly in cases.
In addition to conventional route of administration, such as
local eye drops, oral, intravenous injection, eye ointment,
there has been subconjunctival injection and injection in
corneal stroma for treating fungal keratitis. The main
treatment of fungal keratitis is using antifungal eye drops.
Systematic use of agents possesses serious side effects.
Natamycin poorly penetrates into the aqueous and is unable
to achieve therapeutic levels by intravenous injection and
subconjunctival injection. Culture and sensitivity results play
a vital role for conducting medical therapy for infectious
diseases, but fungi grow slower than other pathogens [30].
Therefore, we need to apply antifungal drugs as soon as
discovering fungal elements on the examination such as
smear, confocal microscopy and so on [31-33]. So we need to
find a more effective agent to be administered in the early
period of fungal keratitis. However, the drugs used in the
current RCTs were different, and the evidence that verified
which agent was more effective for fungal keratitis was weak
due to the small sample size. In our review, we found that
natamycin was useful than some other antifungal agents like
voriconazole and fluconazole. So we recommend that
natamycin is more favorable applying in the early period of
fungal keratitis.
In summary, natamycin was a preferable choice in the
treatment of fungal keratitis, especially in the
cases. Importantly, further RCTs with large sample size are
needed and the search for more effective and cheaper
interventions for fungal keratitis would be necessary.
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