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Clinical Characteristics of Fusarial Keratitis
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Abstract

Amongst corneal diseases, microbial keratitis is a major blinding disease. Eight cases of Fusarium kera-
titis were identified in central Taiwan. Eye pain was mostly  noted at initial clinical presentation. All received 
the topical antifungal agent, and therapeutic lamellar keratectomy . Early diagnosis of fungal keratitis and its 
treatment are important in preventing complications. (J Intern Med Taiwan 2013; 24: 205-211)

Key Words: Corneal ulceration, Fungal keratitis, Fusarium sp.

Introduction

Corneal ulceration and ocular trauma account 
for 1.5 to 2 million new cases of monocular blindness 
every year, according to the World Health Organiza-
tion report, and blindness is a major public health 
problem for developing countries1 The etiological 
and epidemiological pattern of corneal ulceration 
varies.Srinivasan et al. reported that although 44% 
of corneal ulcers were caused by fungi2, more than 
70 species of filamentous fungi have been identi-
fied as etiological agents of fungal keratitis.Keratitis 
due to Fusarium infection was uncommon earlier, 
and such cases have emerged since 2011. Short et 
al. has proposed that plumbing systems might serve 
as a significant environmental reservoir of human-
pathogenic isolates of Fusarium3. We conducted 
this study to identify the epidemiological features 
amongst patients with Fusarial keratitis in central 
Taiwan.

Materials and Methods

Population of Changhua is mostly served by 
the study hospital and has accumulated comprehen-
sive clinical records since 1867. Changhua County 
(population 1,298,286 in 2013) is located in central 
Taiwan. The medical records of eight clinically 
diagnosed Fusarium keratitis patients during the 
time period from January 1st 2009 to December 31st 
2011 were studied. Cases of Fusarium keratitis were 
identified using both the microbiology databases 
and medical records dataset by International Clas-
sification of Diseases, 9th edition, clinical modifi-
cations (ICD-9-CM) at study hospital. We entered 
into computerized indexes using the ICD-9-CM 
code number 370.05. Only cases with positive 
Fusarium isolates were reviewed. A medical chart 
exists for each case, from which medical diagnoses, 
surgical interventions and other key information 
from medical records are regularly abstracted. 
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The specimen from cornea obtained was directly 
smeared on a labeled slide of 10% KOH wet 
mount, Gram′s stained and incubated directly in 
solid media (10% sheep blood agar, Sabourand′s 
Dextrose agar) in a row of C-shaped streaks. The 
Sabourand′s dextrose plates were observed for 21 
days in room temperature. Any growth obtained 
was further identified by microscopic aspects of 
texture, pigmentation, mycelium arrangement and 
conidium types by lactophenol cotton blue mount. 
The culture was considered positive if the growth 
of the same fungal species was found in more than 
one solid media. 

Results

Eight patients were diagnosed as having 
fungal keratitis based on clinical findings as well 
as microbiological reports of fungal filaments in 
KOH mount, Grams staining and fungal culture. 
The demography and clinical presentations of 8 
Fusarium keratitis patients have been shown in 

Table 1. The ratio of male to female was 1:3. The 
mean patient age was 65 years, and elderly patients 
(>65 years) were more frequently affected (5/8, 
62.5%). The mean admission days were 9.6 days. 
No obvious predisposing factor could be identi-
fied in 6 patients, except for contact with dirt in 2 
patients. The initial clinical presentations included 
eye pain (5/8), foreign body sensation of eye (4/8), 
blurred vision (1/8) and photophobia (1/8). The 
underlying diseases included hypertension (3/8), 
coronary artery disease (1/8), and hepatoma (1/8). 
The physical examination included corneal stromal 
infiltration decreased with desmatocele (8/8), perfo-
rated corneal ulcer (1/8), and anterior chamber flat 
with exudate (1/8). Three patients showed positive 
KOH smear of corneal scrapings for fungi. All of the 
eight patients showed positive culture for Fusarium 
keratitis (Supplement). All 8 patients received the 
topical antifungal agent (0.1% amphotericin B 1 gtt  
q1H, 0.2% fluconazole 1 gtt q 1H) at initial stage. 
Two patients received amphotericin-B 0.0025 mg 

Supplement
Culture of Fusarium sp.
Figure 1. A pure culture obtained from a single hyphal tip isolation. Colony growth diameters on  Sabouraud  dextrose 

agar after incubation in the dark for 4 days at 25°C.Culture pigmentation on Sabouraud dextrose agar after 
incubation for 10-14 days with a daily exposure to light. The macro morphology shows typical colony color for a 
hyaline hyphomycete, id est any color except brown, olivaceous black or black. Top picture (A) shows chocolate 
pigmentation and gray colony. Bottom picture(B) shows cream-color pigmentation and yellow colony.

(A) (B)

205-211_1141陳昶華E.indd   206 2013/7/16   下午 02:36:33



Clinical Characteristics of Fusarial Keratitis 207

Ta
bl

e 
1.

 T
he

 d
em

og
ra

ph
y 

an
d 

cl
in

ic
al

 p
re

se
nt

at
io

ns
 o

f 8
 F

us
ar

iu
m

 k
er

at
iti

s 
pa

tie
nt

s

C
as

e 
nu

m
be

r/ 
ag

e/
se

x/
ey

e
In

su
lt 

to
  

co
rn

ea
In

iti
al

 c
om

pl
ai

ns
 /

D
ia

gn
os

is
 o

f e
ye

VA
 in

iti
al

Se
ve

rit
y 

of
  c

or
ne

al
  

st
ro

m
al

 in
fil

tra
tio

n/
 

C
or

ne
al

 c
on

di
tio

n

Su
rg

ic
al

  
in

te
rv

en
tio

n
VA

 la
st

  
fo

llo
w

-u
p

C
om

pl
ic

at
io

ns
A

dm
is

si
on

 d
ur

at
io

n/
(d

ay
s)

/ T
ot

al
 fo

llo
w

-u
p 

du
ra

tio
n(

m
on

th
s)

Ey
e,

 
ou

tc
om

e

1/
71

/F
/L

U
nk

no
w

n 
FB

ey
e 

pa
in

(1
4 

D
)/ 

M
C

U
  

(o
s)

, P
C

U
(o

s)
H

M
3.

0 
x 

2.
5m

m
, c

en
tra

l/
ep

ith
el

ia
l d

ef
ec

t
LK

, A
M

T,
  

pa
tc

h 
gr

af
t

C
F

ne
ga

tiv
e

18
/1

8
A

M
T

2/
59

/F
/R

D
irt

fo
rg

ig
n 

bo
dy

 se
ns

at
io

n 
(7

 D
)/ 

M
C

U
 (o

d)
0.

1
2.

2 
x 

2.
2m

m
, p

ar
ac

en
tra

l/
ep

ith
el

ia
l d

ef
ec

t
LK

0.
2

ne
ga

tiv
e

7/
3

R
ec

ov
er

y

3/
83

/F
/L

U
nk

no
w

n 
FB

re
d 

ey
e(

7 
D

), 
fo

rg
ig

n 
bo

dy
 se

ns
at

io
n 

(7
 D

)/ 
PC

U
(o

s)

0.
1

2.
2 

x 
1.

5m
m

, c
en

tra
l/

ep
ith

el
ia

l d
ef

ec
t

LK
0.

3
G

lu
co

m
a,

 P
A

S
6/

6
R

ec
ov

er
y

4/
54

/M
/R

U
nk

no
w

n 
FB

ey
e 

pa
in

(3
 D

), 
fo

re
ig

n 
bo

dy
 se

ns
at

io
n 

(3
 D

)/ 
M

C
U

 (o
d)

0.
1

3.
0 

x 
2.

5m
m

, c
en

tra
l/

ep
ith

el
ia

l d
ef

ec
t

LK
0.

3
ne

ga
tiv

e
17

/3
R

ec
ov

er
y

5/
68

/F
/L

U
nk

no
w

n 
FB

ey
e 

pa
in

(7
 D

)/ 
co

rn
ea

l 
le

uk
om

a 
(o

s)
, M

C
U

 (o
s)

0.
2

3.
0 

x 
1.

8m
m

, p
er

ip
he

ra
l/

ep
ith

el
ia

l d
ef

ec
t

LK
0.

4
ne

ga
tiv

e
7/

4
R

ec
ov

er
y

6/
67

/F
/R

U
nk

no
w

n 
FB

ey
e 

pa
in

(7
 D

), 
bl

ur
re

d 
vi

si
on

(7
 D

), 
oc

ul
ar

 
co

ng
es

tio
n 

(7
D

)/ 
M

C
U

 
(o

d)

0.
3

1.
5 

x 
1.

5m
m

, p
er

ip
he

ra
l/

ep
ith

el
ia

l d
ef

ec
t

LK
0.

4
ne

ga
tiv

e
10

/3
R

ec
ov

er
y

7/
43

/M
/R

U
nk

no
w

n 
FB

ey
e 

pa
in

(2
8 

D
), 

ph
ot

op
ho

bi
a(

28
 D

)/ 
M

C
U

 (o
d)

0.
1

3.
0 

x 
2.

5m
m

, p
er

ip
he

ra
l/

ep
ith

el
ia

l d
ef

ec
t

LK
0.

2
ne

ga
tiv

e
7/

3
R

ec
ov

er
y

8/
73

/F
/R

D
irt

fo
re

ig
n 

bo
dy

 se
ns

at
io

n 
(1

 D
)/ 

M
C

U
 (o

d)
0.

1
5.

0 
x 

2.
5m

m
, p

ar
ac

en
tra

l/
ep

ith
el

ia
l d

ef
ec

t
LK

0.
1

G
lu

co
m

a,
 P

A
S

7/
6

R
ec

ov
er

y

A
bb

re
vi

at
io

ns
: A

M
T:

 a
m

ni
ot

ic
 m

em
br

an
e 

tra
ns

pl
an

ta
tio

n;
 C

F,
 c

ou
nt

in
g 

fin
ge

r 
vi

su
al

 a
cu

ity
; F

B
, f

or
ei

gn
 b

od
y;

 H
M

, h
an

d 
m

ot
io

n 
vi

su
al

 a
cu

ity
; L

K
, l

am
el

la
r 

ke
ra

te
ct

om
y;

 M
C

U
: 

m
yc

ot
ic

 c
or

ne
al

 u
lc

er
; P

A
S,

 p
er

ip
he

ra
l a

nt
er

io
r s

yn
ec

hi
ae

; P
C

U
: p

er
fo

ra
te

d 
co

rn
ea

l u
lc

er
; V

A
, v

is
ua

l a
cu

ity
.

205-211_1141陳昶華E.indd   207 2013/7/16   下午 02:36:33



C. H. Chen, and S. N. Chen208

Ta
bl

e 
2.

 L
ite

ra
tu

re
 r

ev
ie

w
 fo

r 
F

us
ar

iu
m

 k
er

at
iti

s

A
ut

ho
r

Ye
ar

C
ou

nt
ry

Pa
tie

nt
 

nu
m

be
r

Pu
rp

os
e

R
is

k 
fa

ct
or

s
M

ic
ro

bi
ol

og
y 

(n
um

be
r)

Tr
ea

tm
en

t
O

ut
co

m
e

R
ef

er
en

ce
s

Pa
nd

a A
19

97
In

di
a

21
1

ep
id

em
io

lo
gi

c 
an

d 
m

ic
ro

bi
ol

og
ic

 
ev

al
ua

tio
n.

im
pr

op
er

 c
on

ta
ct

 le
ns

 
w

ea
r a

nd
 th

e 
us

e 
of

sp
ec

ifi
c 

co
nt

ac
t l

en
s 

so
lu

tio
ns

Fu
sa

riu
m

  
(2

3)
N

M
N

M
Pa

nd
a A

, e
t a

l. 
C

or
ne

a 
19

97
; 1

6:
 

29
5-

9.

G
op

in
at

ha
n 

 
U

19
91

-
20

00
In

di
a

13
52

ep
id

em
io

lo
gi

ca
l 

fe
at

ur
es

 a
nd

 
la

bo
ra

to
ry

 re
su

lts
 o

f 
1,

35
2 

ca
se

s o
f f

un
ga

l 
ke

ra
tit

is

O
cu

la
r t

ra
um

a 
pr

ed
is

po
se

d 
to

 in
fe

ct
io

n 
in

 7
36

 (5
4.

4%
) o

f 1
,3

54
 

ey
es

; 

Fu
sa

riu
m

  
(5

06
)

N
M

N
M

G
op

in
at

ha
n 

U
, e

t a
l. 

C
or

ne
a.

 2
00

2;
 2

1:
 

55
5-

9.

Ta
nu

re
 M

A
19

91
-

19
99

Pe
nn

sy
lv

an
ia

, 
U

SA
24

re
po

rt 
th

e 
sp

ec
tru

m
 

of
 fu

ng
al

 k
er

at
iti

s
Pr

ed
is

po
si

ng
 fa

ct
or

s 
in

cl
ud

ed
 c

hr
on

ic
 o

cu
la

r 
su

rf
ac

e 
di

se
as

e 
(4

1.
7%

), 
co

nt
ac

t l
en

s w
ea

r 
(2

9.
2%

), 
at

op
ic

 d
is

ea
se

 
(1

6.
7%

), 
to

pi
ca

l s
te

ro
id

 
us

e 
(1

6.
7%

), 
an

d 
oc

ul
ar

 
tra

um
a 

(8
.3

%
)

Fu
sa

riu
m

 sp
  

(6
)

Si
x 

pa
tie

nt
s (

25
%

) 
ha

d 
pe

ne
tra

tin
g 

ke
ra

to
pl

as
ty

13
 e

ye
s (

54
.1

%
) h

ad
 

th
e 

be
st

 c
or

re
ct

ed
 

Ta
nu

re
 M

A
, e

t a
l. 

C
or

ne
a.

 2
00

0;
 1

9:
 

30
7-

12
.

Li
n 

H
C

20
05

Ta
iw

an
18

re
po

rt 
th

e 
ex

pe
rie

nc
e  

of
 fu

ng
al

 k
er

at
iti

s
Tw

ig
, 3

;V
eg

et
ab

le
 

m
at

er
ia

l, 
3;

 U
nk

no
w

n 
FB

, 3
; P

te
ry

gi
um

 su
rg

er
y,

 
1;

 S
C

L,
 1

; G
la

uc
om

a 
su

rg
er

y,
 1

; G
ra

ss
, 1

; 
B

am
bo

o,
 1

; D
irt

, 1
; 

Tr
ic

hi
as

is
, 1

; L
im

e,
 1

; 
Sp

id
er

 w
eb

, 1

Fu
sa

riu
m

  
(1

8)
G

ro
up

 A
 (n

=1
3)

, 
de

br
id

em
en

t, 
la

m
el

la
r 

ke
ra

te
ct

om
y;

 G
ro

up
 

B
(n

=5
), 

la
m

el
la

r 
ke

ra
te

ct
om

y 
co

m
bi

ne
d 

w
ith

 
am

ni
ot

ic
m

em
br

an
e 

tra
ns

pl
an

ta
tio

n

Th
e 

m
ea

n 
re

-e
pi

th
el

ia
lis

at
io

n 
tim

e 
w

as
 1

2.
67

 d
ay

s

Li
n 

H
C

, e
t a

l. 
In

te
rn

at
io

na
l J

ou
rn

al
 

of
 C

lin
ic

al
 P

ra
ct

ic
e 

20
05

; 5
9:

 5
49

-5
54

.

D
ah

lg
re

n 
M

at
th

ew
20

07
U

.S
.

10
4

m
ol

ec
ul

ar
 

ge
no

ty
pi

ng
 o

f 
is

ol
at

es
fr

om
 th

e 
Si

ng
ap

or
e 

ou
tb

re
ak

Th
e 

po
si

tiv
e 

pr
ed

ic
tiv

e 
va

lu
e 

of
 c

lin
ic

al
 d

ia
gn

os
is

 
is

 4
5%

 (9
5%

 C
I, 

17
%

–7
7%

) f
or

 1
3 

fu
ng

al
 

ke
ra

tit
is

20
 w

ith
 

Ps
eu

do
m

on
as

 sp
,  

13
 w

ith
 fu

ng
i, 

9 
w

ith
 A

ca
nt

ha
m

oe
ba

 
sp

N
M

N
M

D
ah

lg
re

n 
M

A
, e

t a
l. 

A
m

 J 
O

ph
th

al
m

ol
. 

20
07

; 1
43

: 9
40

-9
44

.

R
ol

an
d 

Ju
re

en
,

20
08

Si
ng

ap
or

e
66

fu
ng

al
 k

er
at

iti
s 

ca
us

ed
 b

y 
m

em
be

rs
 

of
 th

e 
Fu

sa
ri

um
so

la
ni

 sp
ec

ie
s 

co
m

pl
ex

im
pr

op
er

 c
on

ta
ct

 le
ns

 
w

ea
r a

nd
 th

e 
us

e 
of

sp
ec

ifi
c 

co
nt

ac
t l

en
s 

so
lu

tio
ns

fu
ng

al
 k

er
at

iti
s 

ca
us

ed
 b

y 
m

em
be

rs
 

of
 th

e 
Fu

sa
ri

um
so

la
ni

 sp
ec

ie
s 

co
m

pl
ex

N
M

N
M

Ju
re

en
 R

, e
t a

l. 
B

M
C

 
In

fe
ct

 D
is

. 2
00

8;
 8

: 
92

.

205-211_1141陳昶華E.indd   208 2013/7/16   下午 02:36:33



Clinical Characteristics of Fusarial Keratitis 209

A
ut

ho
r

Ye
ar

C
ou

nt
ry

Pa
tie

nt
 

nu
m

be
r

Pu
rp

os
e

R
is

k 
fa

ct
or

s
M

ic
ro

bi
ol

og
y 

(n
um

be
r)

Tr
ea

tm
en

t
O

ut
co

m
e

R
ef

er
en

ce
s

B
ul

lo
ck

 
Jo

hn
20

09
U

S
48

3
ro

ot
 c

au
se

 a
na

ly
si

s 
of

 th
e 

Fu
sa

ri
um

 
ke

ra
tit

is
 e

pi
de

m
ic

 o
f 

20
04

-2
00

6

st
or

ag
e 

te
m

pe
ra

tu
re

s o
f 

co
nt

ac
t l

en
s

Fu
sa

ri
um

 sp
N

M
N

M
B

ul
lo

ck
 JD

. T
ra

ns
 

A
m

 O
ph

th
al

m
ol

 S
oc

. 
20

09
; 1

07
: 1

94
-2

04
.

Fe
rr

er
 

C
on

su
el

o 
20

11
Sp

ai
n

27
 

as
se

ss
 th

e 
ut

ili
ty

 
of

 p
ol

ym
er

as
e 

ch
ai

n 
re

ac
tio

n 
in

 
di

ag
no

si
ng

 fu
ng

al
 

ke
ra

tit
is

N
M

N
M

N
M

N
M

Fe
rr

er
 C

, e
t a

l. 
J 

O
ph

th
al

m
ic

 In
fla

m
m

 
In

fe
ct

. 2
01

1;
1:

15
-2

2.

Li
n 

H
C

20
12

Ta
iw

an
33

To
 e

va
lu

at
e 

th
e 

tre
at

m
en

t o
ut

co
m

es
 

an
d 

co
st

s o
f e

ar
ly

 
ke

ra
te

ct
om

N
M

Fu
sa

riu
m

K
er

at
iti

s (
13

)
13

 p
at

ie
nt

s, 
re

ce
iv

in
g 

ea
rly

 k
er

at
ec

to
m

y;
 

20
 p

at
ie

nt
s, 

tre
at

in
g 

m
ed

ic
al

ly

D
is

ea
se

 d
ur

at
io

n 
an

d 
m

ed
ia

n 
ho

sp
ita

liz
at

io
n 

co
st

s p
er

 p
at

ie
nt

 a
re

 
lo

w
er

 in
 th

e 
ea

rly
 

ke
ra

te
ct

om
y 

gr
ou

p

Li
n 

H
C

, e
t a

l. 
PL

oS
 

O
ne

. 2
01

2;
 7

: 
e4

21
26

N
ot

es
: N

M
 m

ea
nt

 “
no

 m
en

tio
n 

in
 th

e 
ar

tic
le

”.

Ta
bl

e 
2.

 L
ite

ra
tu

re
 r

ev
ie

w
 fo

r 
F

us
ar

iu
m

 k
er

at
iti

s 
(c

on
tin

ue
d)

intra-cameral injections. One patient received 1% 
voriconazole q 1 H, and also received intra-vitreal 
voriconazole injections. Two of them received oral 
ketoconazole, and one patient received oral fluco-
nazole. All of them received lamellar keratectomy, 
and one received amniotic membrane transplanta-
tion. All of them recovered gradually.

Discussion

Our study is the first to describe Fusarium 
keratitis in central Taiwan. Risk factors include 
injury to the cornea , a history of corneal trauma 
with vegetable matter or organic matter , and usage 
of contact lens2,4 Steroid use as initial therapy has 
been reported in 1–30% of patients having microbial 
keratitis2. We reviewed the literature for Fusarium 
keratitis, and have summarized it in Table 2. In 
our study, two of eight patients had contacted with 
dirt, and others did not have any risk factors. Short 
et al. has proposed that plumbing systems might 
serve as a significant environmental reservoir of 
human-pathogenic isolates of Fusarium, and in the 
study found that 66% of sinks and 80% of buildings 
surveyed yielded at least one Fusarium culture3. 
Short et al stated that some major Fusarium types 
were frequently isolated from plumbing drains3. 
Out of eight patients, a few maybe have acquired the 
Fusarium infection from the environment, such as 
plumbing systems.

Early diagnosis of Fusarium keratitis is not 
easy. Direct examination of smears from corneal 
scrapings examined by 10% KOH wet mount prepa-
ration and/or gram stain continue to be an important 
mode of identifying causative organism in patients 
with microbial keratitis. In our study, three (37.5%) 
patients showed positive KOH smear of corneal 
scrapings for fungi. The sensitivity of KOH and 
gram stain in preliminary identification of fungal 
filaments has also been reported in other studies5,6. 

Keratitis due to Fusarium infection was 
uncommon before 2011, and many such cases have 
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basic microbiological procedures, so as to initiate 
appropriate therapy. Early diagnosis and treatment 
of fungal keratitis are important in preventing 
complications and loss of vision. Also, keratitis due 
to Fusarium infection needs to be considered in 
mycotic keratitis. 
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emerged since then. Fusarium sp. were the third 
major etiologic agents (10.81%) of fungal keratitis 
in Saha’s study7. Sharma’s studies have implicated 
Fusarium species (37–62%) as major pathogens, 
with dematiaceous fungi being the cause in 8 – 
16.7% of patients with fungal keratitis5.. Fusarium 
keratitis is the main etiological organism responsible 
for mycotic keratitis (43%) in south India. Factors 
other than climatic conditions, such as altered local 
defense mechanisms and immune suppression as 
well as environmental reservoirs of Fusarium in 
plumbing systems may also be responsible for the 
incidence of Fusarium infection. 

Surgical intervention, in the form of therapeutic 
keratoplasty, continues to be an important mode 
of management. In our study, all patients needed 
therapeutic lamellar keratectomy. Regina L et al. 
reported from Texas that out of 29 Candida keratitis 
patients, 15 patient (51.72%) required surgical inter-
vention, of which 13 patient had therapeutic pene-
trating keratoplasty and 2 eyes needed enucleation8. 
Vemuganti et al. reported that maximum fungal 
species identified from corneal buttons after thera-
peutic keratoplasty were Fusarium sp.9. In our study, 
it was seen that all patients suffering from Fusarium 
species infections required a surgical intervention. 
Lin HC described early keratectomy in moderate 
Fusarium keratitis may reduce length of hospital 
stay, hospital costs, and perforation rates10. Lin’s 
study supports our results. 

Our study summarized the profile of fungal 
pathogens responsible for corneal ulceration in 
Central Taiwan. Topical therapy and oral therapy 
are not always sufficient to eradicate infection 
in patients with Fusarium keratitis. Therapeutic 
keratoplasty continues to remain an important 
treatment modality. Particular care should be taken 
in identification of the pathogenic organism on 
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鐮刀黴菌性角膜炎臨床特性
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摘　要

眼角膜疾病是導致病患失明的主要疾病。我們報導八例鐮刀黴菌性角膜炎 (Fusarium 
keratitis)病例。在最初的臨床表現主要出現眼睛疼痛。所有病患都接受局部抗黴菌抗生素治療

與角膜切削術。鐮刀黴菌性角膜炎的早期診斷與治療，對於預防併發症的發生是很重要的。
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