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A B S T R A C T

Purpose: To report the clinical settings, causative organisms, antimicrobial susceptibilities, and treatment out-
comes of patients with endophthalmitis caused by gram-positive bacteria resistant to vancomycin.
Methods: Retrospective case series of all patients with culture-proven endophthalmitis caused by gram-positive
bacteria resistant to vancomycin between January 2010 and December 2016 in LV Prasad Eye Institute,
Visakhapatnam, India.
Results: The current study included 14 patients. The clinical settings were post-cataract surgery in 8/14 (57.1%)
and open globe injury in 6/14 (42.8%). Primary intervention for all patients included tap and intravitreal an-
tibiotic injection. During subsequent follow-up, pars plana vitrectomy was performed in 6 patients and one
patient underwent penetrating keratoplasty. Mean number of intravitreal antibiotic injections performed were
3.4 per patient. The most common organisms isolated were coagulase-negative Staphylococci in 6/14 (42.8%),
Staphylococcus aureus in 5/14 (35.7%), Streptococcus sp in 2/14 (14.2%) and Bacillus sp in 1/14 (7.14%). In
addition to vancomycin, resistance to multiple drugs (three or more groups of antibiotics) was found in all 14
cases. Antimicrobial susceptibility results showed susceptibility to amikacin in 7/14 (50.0%), gatifloxacin in 6/
14 (42.8%), moxifloxacin in 3/13 (23.0%), cefazoline in 5/14 (35.7%), cefuroxime in 3/14 (21.4%), cipro-
floxacin in 2/14 (14.2%) and linezolid in 5/5 (100%). The mean duration of follow-up was 30.7 weeks (6
weeks–90 weeks). At last follow-up, visual acuity (VA) of 20/200 or better was recorded in 7/14 (50%) and
VA < 5/200 occurred in 7/14 (50%).
Conclusion and importance: Antimicrobial susceptibility testing may help in selection of suitable antimicrobial
agents for repeat intravitreal injection. Inspite of retreatment with intravitreal antibiotics, these patients gen-
erally had poor VA outcomes.

1. Introduction

Endophthalmitis is sight threating condition which is most com-
monly caused by gram-positive bacteria. Multidrug resistance though
rare is an emerging concern in the management of endophthalmitis.1

Antibiotic resistance among ocular pathogens is increasing as is
worldwide systemic antibiotic resistance. Methicillin-resistant Staphy-
lococcus aureus (MRSA) has become a more common cause of ocular
infection.2,3 Previous studies have noted the changing trends in the
antibiotic susceptibility of the causative organisms in

endophthalmitis.4–7 Vancomycin, a glycopeptide antibiotic, is con-
sidered for empirical coverage of most gram-positive organisms
(Streptococcus, Staphylococcus, and Bacillus spp.) causing en-
dophthalmitis.

There are only few reports of vancomycin resistance noted to occur
in Enterococcus, Staphylococcus and Bacillus spp. associated with en-
dophthalmitis.8,9 The purpose of this study is to evaluate clinical set-
tings, antimicrobial susceptibility and treatment outcomes in en-
dophthalmitis caused by vancomycin resistant gram-positive bacteria.
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2. Methodology

The current study is a retrospective case series of patients with
culture-proven endophthalmitis caused by gram-positive bacteria re-
sistant to vancomycin between January 2010 and December 2016
managed in LV Prasad Eye Institute, Visakhapatnam. The institutional
review board approved the study (IRB protocol no: LEC-09-16-018),
and adhered to the guidelines of the declaration of Helsinki. Individual
treating physician decided the treatment without a predefined study
protocol. The undiluted vitreous biopsy samples were subjected to
microbiology analysis with Gram stain and KOH for microscopy, and
inoculated for culture growth directly onto 5% sheep blood agar, cho-
colate agar, thioglycollate, and brain-heart infusion broth and
Sabouraud dextrose agar. When same organism was noted growing on
two or more media, or confluent growth was noted at the site of in-
oculation on at least one solid medium, or if the growth on medium was
consistent with microscopy findings, the culture was considered posi-
tive. Kirby Bauer disk diffusion technique was utilized to test for anti-
biotic susceptibility testing. Favorable outcome was defined as best
corrected visual acuity (BCVA) of 20/200 or better at last follow-up.

3. Results

Among 126 culture-positive bacterial endophthalmitis, there were
14/126 (11.11%) patients with endophthalmitis caused by gram-posi-
tive bacteria resistant to vancomycin cases. In addition to vancomycin,
resistance to multiple drugs (three or more groups of antibiotics), was
reported in all 14 (100%) patients. Mean age at the time of treatment
was 43.7 years (range 3–70 years). There was no gender predisposition
(M: F=7:7). The clinical setting was post-cataract surgery in 8/14
(57.1%) patients and open globe injury in 6/14 (42.8%) patients. Visual
acuity at presentation was poor in all 14 patients (counting fingers – 3
patients, hand motions – 5 patients, light perception 6 patients). The
organisms isolated were coagulase-negative Staphylococci in 6/14
(42.8%) patients, Staphylococcus aureus in 5/14 (35.7%) patients,
Streptococcus spp. in 2/14 (14.2%) patients and Bacillus spp. in 1/14
(7.1%) patient.

Primary intervention for all patients included tap and intravitreal
antibiotic injection (Table 1). During subsequent follow-up, pars plana
vitrectomy was performed in 6 patients and one patient underwent
penetrating keratoplasty. Mean number of intravitreal antibiotic in-
jections performed were 3.4 per patient. Antimicrobial susceptibility
results showed susceptibility to amikacin in 7/14 (50.0%), gatifloxacin
in 6/14 (42.8%), cefazoline in 5/14 (35.7%), moxifloxacin in 3/13
(23.0%), cefuroxime in 3/14 (21.4%), ciprofloxacin in 2/14 (14.2%)
and linezolid in 5/5 (100%) isolates. Linezolid was tested in isolates of
5 patients only in which 5/5 (100%) were sensitive and in those 5
patients, second intravitreal injection with linezolid (400 μg/0.1 ml)
was administered.10 Mean duration of follow-up was 30.7 weeks (6–90
weeks). Among the 7/14 (50%) patients with visual acuity of 20/200 or
better at final follow-up, the causative organisms were coagulase-ne-
gative Staphylococcus in 4 cases and Staphylococcus aureus in 3 cases.
However, among the patients with visual acuity of 5/200 or worse [7/
14 (50%)] at final follow-up, the causative organisms were Strepto-
coccus species in 2 cases, coagulase-negative Staphylococcus in 2 cases,
Staphylococcus aureus in 2 cases, and Bacillus species in 1 case. There
was no definite correlation between the causative organism and visual
outcome. Visual acuity outcomes are influenced by multiple factors
including etiology of endophthalmitis, causative organisms, resistance/
susceptibility pattern of causative organisms, associated injuries and
comorbidities, delay in presentation and other ocular/systemic factors.
Furthermore, in view of the small sample size, no definitive clinical or
statistical significance can be confirmed.

4. Discussion

Vancomycin is commonly used antibiotic for infections caused by
gram-positive bacteria, and acts by inhibiting cell wall synthesis.
Vancomycin blocks the transglycosylation of late precursors to the
nascent peptidoglycan chain as it has a high affinity to the d-Ala d-Ala
C-terminus of the pentapeptide, and prevents subsequent cross-linking
by transpeptidation.11

Organisms may acquire resistance to antibiotics by inherent or ac-
quired mechanisms.12 Vancomycin resistant bacteria are increasingly
reported and is now encountered across the globe. Reduced suscept-
ibility to vancomycin has been noted in multiple bacterial species in-
cluding Enterococcus, Staphylococcus and Streptococcus species.1,11,13 An
isolate of methicillin-resistant Staphylococcus aureus (MRSA) with de-
creased susceptibility to vancomycin was first reported in Japan in
1997.14 Esmaeli et al., in 2003, reported a case of endophthalmitis
caused by Enterococcus faecalis isolate resistant to vancomycin.15 Van-
comycin was advised as an initial empirical antibiotic against gram-
positive organisms even before the EVS.4,16 In the Endophthalmitis
Vitrectomy Study (EVS) in 1994 and the Antibiotic Resistance Mon-
itoring in Ocular micRorganisms (ARMOR) 2009 surveillance study,
100% of gram-positive organisms were found to be susceptible to
vancomycin. In a PubMed review of all endophthalmitis cases reported
from the years 1990–2015, endophthalmitis caused by gram-positive
organisms with reduced vancomycin susceptibility and/or vancomycin
resistance, revealed generally poor visual outcomes.1

Antimicrobial Susceptibility Testing - In the current study, fluor-
oquinolone resistance was reported in 4/5 (80%) Staphylococcus aureus
isolates, 6/6 (100%) of coagulase-negative Staphylococcus isolates with
2 isolates susceptible to only gatifloxacin, 1/2 (50%) of Streptococcus
isolates. Emerging resistance to fluoroquinolones has been documented
for ocular gram-positive organisms.17,18 Resistance to fluoroquinolones
typically arises as a result of alteration in the target enzyme (topoi-
somerase IV) and of changes in drug entry.19 In current series, there was
poor susceptibility to fluoroquinolones among isolates, with only 42.8%
susceptible to gatifloxacin, 23.0% susceptible to moxifloxacin and
14.2% susceptible to ciprofloxacin. In a retrospective data analysis of
endophthalmitis isolates reported that non-susceptibility of CoNS to all
three generations of fluoroquinolones increased over the time-period of
22 years significantly.20 Non-susceptibility to amikacin was reported in
7/14 (50%) of isolates in the current study. Antimicrobial susceptibility
test for linezolid was performed for 5/14 patients and all were sus-
ceptible to linezolid. All 14 cases were noted to have multidrug re-
sistance. Resistance to three or more other group of antibiotics is re-
ported in literature.21

In the current study, mean number of intravitreal antibiotic injec-
tions performed were 3.4 per patient. The second intravitreal antibiotic
injection was performed after the antimicrobial susceptibility reports
became available. However, in 3 patients (patient # 5, 6 and 7 in
Table 1) second antibiotic injection was performed before the sus-
ceptibility report was available as the clinical status was worsening.
Intravitreal linezolid was used in the management of 5 patients based
on the antimicrobial susceptibility testing and all these patients. In the
current study, coagulase-negative Staphylococcus was the most
common vancomycin-resistant organism, there is a possibility that this
may be simply due to the fact that coagulase-negative Staphylococcus is
the most common organism associated with postoperative en-
dophthalmitis (particularly cataract surgery).

Although there is limited experience in patients, the management of
endophthalmitis caused by gram-positive bacteria resistant to vanco-
mycin may include alternative antibiotics such as quinupristin/dalfo-
pristin, linezolid, daptomycin, and tigecycline.22 Experimental (in-vivo
and in-vitro) studies have reported safety and efficacy of intravitreal use
of these alternative antibiotics.1 There are no published large clinical
case series on the intravitreal use of these newer drugs, but the current
study does provide some insight into this topic.

H.S. Shivaramaiah et al. American Journal of Ophthalmology Case Reports 10 (2018) 211–214

212



Ta
bl
e
1

Ba
se
lin

e
ch

ar
ac
te
ri
st
ic
s,

cl
in
ic
al

se
tt
in
g,

ca
us
at
iv
e
or
ga

ni
sm

,m
an

ag
em

en
t,
an

d
cl
in
ic
al

ou
tc
om

es
of

th
e
pa

ti
en

ts
w
it
h
en

do
ph

th
al
m
it
is

ca
us
ed

by
gr
am

-p
os
it
iv
e
ba

ct
er
ia

re
si
st
an

t
to

va
nc

om
yc
in
.

S.
no

A
ge

/s
ex

C
lin

ic
al

se
tt
in
g

D
ur
at
io
n
of

sy
m
pt
om

s
(d
ay

s)
C
ul
tu
re

re
po

rt
V
A

at
pr
es
en

ta
ti
on

Pr
im

ar
y
in
te
rv
en

ti
on

Se
co

nd
in
te
rv
en

ti
on

N
o.

of
IO

A
B

Fo
llo

w
-u
p

du
ra
ti
on

(w
ee
ks
)

A
nt
im

ic
ro
bi
al

su
sc
ep

ti
bi
lit
y
R
es
ul
ts

Fi
na

l
V
A

1
45

/M
Tr
au

m
a

3
Ba

ci
llu

s
sp
ec
ie
s

LP
C
TR

+
T&

I
(V

+
A
)

A
+

D
2

12
S
–
C
,C

FC
,G

FC
,A

In
t
–
M
FC

R
e
V
,C

ef
a,

O
FC

N
LP

2
70

/F
Po

st
op

er
at
iv
e

20
St
ap

hy
lo
co
cc
us

au
re
us

LP
PP

V
+

T&
I
(V

+
A

+
D
)

C
ef
a
+

D
4

16
S
–
C
ef
a,

A
,T

In
t
-
M
FC

R
e
V
,C

,C
FC

,O
FC

,G
FC

,

LP

3
3/

M
Tr
au

m
a

3
St
ap

hy
lo
co
cc
us

au
re
us

LP
PP

L
+

PP
V

+
T&

I
(V

+
I
+

D
)

C
ef
a
+

D
a

5
24

S
–
C
,C

ef
a,

In
t–

C
FC

,M
FC

R
e
V
,O

FC
,G

FC
,A

C
F

4
54

/F
Po

st
op

er
at
iv
e

45
C
oa

gu
la
se
-n
eg

at
iv
e

St
ap

hy
lo
co

cc
us

C
F

PP
V

+
T&

I
(V

+
C
+

D
)

A
+

D
a

5
56

S
-
A

R
e
V
,C

,C
ef
a,

C
FC

,O
FC

,
G
FC

,M
FC

,T

20
/2

00

5
57

/M
Po

st
op

er
at
iv
e

30
C
oa

gu
la
se
-n
eg

at
iv
e

St
ap

hy
lo
co

cc
us

H
M

A
C
Ta

p
+

T&
I
(V

+
A

+
D
)

C
ef
a
+

D
a

2
8

S
–
C
,G

FC
In
t–

M
FC

,C
ef
a

R
e
V
,C

FC
,O

FC
,A

LP

6
31

/M
Tr
au

m
a

1
C
oa

gu
la
se
-n
eg

at
iv
e

St
ap

hy
lo
co

cc
us

LP
C
TR

+
BB

+
PP

L
+

PP
V

+
IO

FB
R
,T

&
I

(V
+

A
+

D
)

C
ef
a
+

D
a

2
90

S
–
C
,G

FC
,

In
t
–
M
FC

,C
ef
a

R
e
V
,C

FC
,O

FC
,A

20
/4

0

7
4/

M
Tr
au

m
a

3
St
re
pt
oc

oc
cu

s
sp
ec
ie
s

LP
C
TR

+
T&

I
(V

+
A

+
D
)

C
ef
a+

a
3

12
S
–
C
,T

In
t–

V
,C

FC
R
–
C
ef
a,

O
FC

,G
FC

,A
,

M
FC

C
F

8
5/

F
Tr
au

m
a

5
St
re
pt
oc
oc
cu
s

pn
eu
m
on

ia
e

LP
PP

L
+

PP
V

+
T&

I
(V

+
A

+
D
)

C
ef
a
+

D
a

4
20

S
–
C
,C

ef
a,

C
FC

,G
FC

,
M
FC

,T
R
e
V
,O

FC
,A

LP

9
56

/F
Po

st
op

er
at
iv
e

6
St
ap

hy
lo
co
cc
us

au
re
us

H
M

T&
I
(V

+
A

+
D
)

L
+

D
2

78
S
–
A
,L

In
t–

C
,M

FC
R
e
V
,C

ef
a,

C
FC

,O
FC

,
G
FC

20
/4

0

10
36

/M
Tr
au

m
a

5
C
oa

gu
la
se
-n
eg

at
iv
e

St
ap

hy
lo
co

cc
us

H
M

PP
L
+

PP
V

+
IO

FB
R
+

T&
I
(V

+
I
+

D
)

C
ef
a
+

D
4

36
S
–
C
,C

ef
a,

In
t
-
C
FC

R
e
V
,A

,O
FC

,G
FC

20
/2

00

11
67

/M
Po

st
op

er
at
iv
e

2
St
ap

hy
lo
co
cc
us

au
re
us

H
M

T&
I
(V

+
I
+

D
)

L
+

D
5

36
S
–
C
FC

,O
FC

,G
FC

,M
FC

,
L R
e
V
,C

,C
ef
a,

A

20
/6

0

12
51

/F
Po

st
op

er
at
iv
e

3
C
oa

gu
la
se
-n
eg

at
iv
e

St
ap

hy
lo
co

cc
us

C
F

T&
I
(V

+
I
+

V
or

+
A
m
pB

)
C
ef
a
+

D
3

24
S
–
C
,C

ef
a,

L
In
t
–
C
FC

,A
,M

FC
R
e
V
,O

FC
,G

FC
,

20
/3

0

13
66

/F
Po

st
op

er
at
iv
e

10
C
oa

gu
la
se
-n
eg

at
iv
e

St
ap

hy
lo
co

cc
us

C
F

T&
I
(V

+
I
+

D
)

L
+

D
2

6
S
–
A
,M

FC
,L

In
t
–
C
ef
a,

C
FC

R
e
V
,C

,O
FC

,G
FC

LP

14
68

/F
Po

st
op

er
at
iv
e

5
St
ap

hy
lo
co
cc
us

au
re
us

H
M

T&
I
(V

+
I
+

D
)

L
+

D
b

5
12

S
-
L

R
e
V
,C

,C
FC

,G
FC

,O
FC

,
M
FC

,C
ef
a,

A

20
/1

25

A
bb

re
vi
at
io
ns
:A

,a
m
ik
ac
in
;A

C
,a

nt
er
io
r
ch

am
be

r;
A
m
pB

,a
m
ph

ot
er
ic
in
-B
;B

B,
be

lt
bu

ck
le
;C

,c
ef
ta
zi
di
m
e;

C
ef
a,

ce
fa
zo

lin
e;

C
F-
co

un
ti
ng

fi
ng

er
s;
C
FC

,c
ip
ro
fl
ox

ac
in
;C

TR
,c

or
ne

al
te
ar

re
pa

ir
;D

,d
ex
am

et
ha

so
ne

;F
,f
em

al
e;

G
,g

at
ifl
ox

ac
in
;H

M
,h

an
d

m
ot
io
ns
;I
,i
m
ip
en

um
;I
O
FB

R
,i
nt
ra
oc

ul
ar

fo
re
ig
n
bo

dy
re
m
ov

al
;I
nt
,i
nt
er
m
ed

ia
te
;L

,l
in
ez
ol
id
;L

P,
lig

ht
pe

rc
ep

ti
on

;M
,m

al
e;

M
FC

,m
ox

ifl
ox

ac
in
;N

LP
,n

o
lig

ht
pe

rc
ep

ti
on

;O
FC

,o
fl
ox

ac
in
;P

PL
,p

ar
s
pl
an

a
le
ns
ec
to
m
y;

PP
V
,p

ar
s
pl
an

a
vi
tr
ec
to
m
y;

T,
ta
zo

ba
ct
um

;T
&
I,
ta
p
an

d
in
je
ct
;V

,v
an

co
m
yc
in
;
V
A
,v

is
ua

l
ac
ui
ty
;V

or
,v

or
ic
on

az
ol
e.

a
Pa

rs
Pl
an

a
V
it
re
ct
om

y
w
as

pe
rf
or
m
ed

on
su
bs
eq

ue
nt

fo
llo

w
-u
p.

b
Pe

ne
tr
at
in
g
ke

ra
to
pl
at
y
w
as

pe
rf
or
m
ed

at
su
bs
eq

ue
nt

fo
llo

w
-u
p.

H.S. Shivaramaiah et al. American Journal of Ophthalmology Case Reports 10 (2018) 211–214

213



Linezolid is active against most gram-positive organisms, including
species of Staphylococcus and Enterococcus including those with reduced
vancomycin susceptibility.23 Linezolid, an oxazolidinone antibiotic in-
hibits protein synthesis and is active in vitro against vancomycin-re-
sistant Enterococcus, MRSA, vancomycin-resistant Staphylococcus aureus,
and penicillin-resistant Streptococcus pneumoniae. In 2007, Bains et al.
reported the use of systemic linezolid in the successful treatment of
endophthalmitis following penetrating keratoplasty caused by vanco-
mycin resistant E. faecium.24 Safety profile and efficacy of intraocular
linezolid has been investigated in experimental studies with in rab-
bits.10,25

Antimicrobial susceptibility testing guides the management in pa-
tients not responding to the initial management. However, in patients
without the availability of susceptibility testing, various alternative
options can be considered. It is also important to be aware of suscept-
ibility/resistance patterns with respect to geographical area for appro-
priate and timely use of alternative antimicrobials. In patients where
antimicrobial susceptibility testing is not available or cannot be per-
formed due to high cost or culture-negative vitreous specimen, these
options can be considered.

Some antimicrobials (such as amikacin and cefazolin) are primarily
reserved for treatment of gram-negative organisms. However, in pa-
tients with infections caused by gram-positive organisms which are
susceptible only to either amikacin or cefazolin, the use of these anti-
microbial agents is justified.

Overall, favorable visual outcomes were noted in 50% patients.
Visual outcomes at final follow-up were better in cases with
Staphylococcus infection compared to Streptococcal infection.
Improvement in visual acuity from baseline was reported in 3/5 (60%)
of Staphylococcus aureus infection, 4/6 (67%) of Staphylococcus epi-
dermidis infection and 0/2 (0%) of Streptococcus infections. Final Visual
acuity 20/200 or better was noted in 5/8 (62.5%) cases in post-
operative endophthalmitis and 2/6 (33.3%) in post-traumatic en-
dophthalmitis. This difference in the visual outcomes among post-
operative and post-traumatic endophthalmitis cases can be due to
different causative organisms, variable virulence of the causative or-
ganisms, delay in presentation, and concurrent associated injuries.

The current study is limited by its retrospective nature, the small
sample size, and the antimicrobial susceptibility testing performed only
by Kirby Bauer disk diffusion method. Kirby Bauer testing may not be as
accurate or reliable as the microdilution method. However, Kirby Bauer
method is less expensive, less time consuming, and reasonably accurate
compared to the microdilution method.

5. Conclusion

In the current study of 14 endophthalmitis cases caused by gram-
positive organisms with reduced susceptibility to vancomycin, the most
common organism identified was coagulase-negative Staphylococcus in
a postoperative setting. Antimicrobial susceptibility testing may help in
selection of suitable antimicrobial agents for repeat intravitreal injec-
tion. With the limited published data and authors' experience, the use of
alternative agents can be considered when vancomycin resistance is
documented or clinically suspected. Inspite of retreatment with in-
travitreal antibiotics, these patients generally had poor VA outcomes.
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