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Abstract
Purpose—To report the one-year clinical outcomes of an outbreak of Streptococcus
endophthalmitis after intravitreal injection of bevacizumab, including visual acuity outcomes,
microbiological testing and compound pharmacy investigations by the Food and Drug
Administration (FDA).

Design—Retrospective consecutive case series.

Participants—12 eyes of 12 patients who developed endophthalmitis after receiving intravitreal
bevacizumab prepared by a single compounding pharmacy.

Methods—Medical records of patients were reviewed; phenotypic and DNA analyses were
performed on microbes cultured from patients and from unused syringes. An inspection report by
the FDA based on site-visits to the pharmacy that prepared the bevacizumab syringes was
summarized.

Main Outcome Measures—Visual acuity, interventions received, time-to-intervention;
microbiological consistency; FDA inspection findings.

Results—Between July 5 and July 8, 2011, 12 patients developed endophthalmitis after
intravitreal bevacizumab from syringes prepared by a single compounding pharmacy. All patients
received initial vitreous tap and injection, and eight (67%) subsequently underwent pars plana
vitrectomy (PPV). After twelve months follow-up, outcomes have been poor: 7 patients (58%)
required evisceration or enucleation, and only one patient regained pre-injection visual acuity.
Molecular testing using real time polymerase chain reaction, partial sequencing of the groEL gene,
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and multilocus sequencing of 7 housekeeping genes confirmed the presence of a common strain of
Streptococcus mitis/oralis in vitreous specimens and seven unused syringes prepared by the
compounding pharmacy at the same time. An FDA investigation of the compounding pharmacy
noted deviations from standard sterile technique, inconsistent documentation, and inadequate
testing of equipment required for safe preparation of medications.

Conclusions—In this outbreak of endophthalmitis, outcomes have been generally poor and PPV
did not improve visual results at one year follow-up. Molecular testing confirmed a common strain
of Streptococcus mitis/oralis. Contamination appears to have occurred at the compounding
pharmacy, where numerous problems in sterile technique were noted by public health
investigators.

Introduction
Endophthalmitis after intravitreal injection is a rare but feared complication, occurring once
every 2,000 – 5,000 injections.1–3 Many reports have focused on the peri-injection period,
including the use of a topical povidone-iodine preparation and sterile lid speculums, and
have debated the role for face masks and topical antibiotics, to reduce the risk of
endophthalmitis.4–7

Recently, several outbreaks of bacterial and fungal infections, or sterile inflammations, have
raised concern about the safety of the drug-preparation process.8–16 Included among these
was a report on a series of 12 cases of Streptococcus endophthalmitis after intravitreal
injection of bevacizumab (Avastin, Genentech/Roche, South San Francisco, California,
USA).8 To summarize, 12 patients received injections from four community retina
specialists in early July, 2011, in south Florida. Treating physicians all reported the use of
topical povidone-iodine, sterile lid speculums, and fourth-generation fluoroquinolone eye
drops at the time of injection. All affected patients received bevacizumab prepared by the
same compounding pharmacy. Ten vitreous specimens, as well as seven unused syringes
prepared at that time were culture-positive for Streptococcus mitis/oralis.

In the current study, the one-year clinical outcomes of affected patients are reported.
Additionally, the results of microbiological testing confirming a common source
contamination are described, as are the findings of a Food and Drug Administration (FDA)
inspection of the compounding pharmacy that prepared the syringes in this outbreak.

Methods
After approval of the Institutional Review Board of the University of Miami Human
Subjects Research Office, and in cooperation with local and state Departments of Health, the
charts of all patients in this outbreak of endophthalmitis after intravitreal injection were
retrospectively reviewed. The data collection methods have been previously published,8 and
results were updated to reflect the 12-month post-injection clinical outcomes. A report
issued on September 27, 2011, by the FDA reflecting the observations of their inspections of
the compounding pharmacy over multiple days in July and September, 2011, was
reviewed.17 These inspections led the FDA to send a Warning Letter to the implicated
pharmacy dated July 30, 2012, which was subsequently made publicly available.18

Microbiological evaluation was performed using both conventional and molecular
techniques. VITEK 2 (BioMeriéux, Inc, Durham NC) and E tests (BioMerieux, Inc.,
Durham, NC) were used for conventional identification and in vitro susceptibility testing. A
combination of real time polymerase chain reaction (PCR), partial sequencing of the groEL
gene and multilocus sequencing (7 housekeeping genes) were used for molecular
identification and characterization.
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Results
Twelve patients were included in this study; baseline characteristics including age, lens
status, indications for bevacizumab therapy, and pre-injection visual acuity have been
previously reported.8

Clinical course and outcomes
The average time from bevacizumab injection to endophthalmitis presentation was 2.7 days
(range 1–6 days). At presentation, all patients were treated with initial vitreous tap and
injection, including intravitreal vancomycin 1.0 mg/0.1 mL. Eight patients (67%) underwent
subsequent pars plana vitrectomy (PPV); five of these patients received 5,000-centistoke
silicone oil infusion at the time of PPV. The average time from injection to PPV was 30
days (range 6–42 days). Extensive corneal infiltrates and anterior chamber opacities often
delayed PPV. See Figure 1 for representative examples of patient presentations and
outcomes.

At 12 months post injection, seven patients (58%) had received an evisceration (2/7) or
enucleation (5/7). The eviscerated eyes had not previously been treated with PPV, while the
enucleated eyes had all received prior PPV. The average time to evisceration was 47.5 days
(range 40–55 days), while the average time to enucleation was 176 days (range 129–215
days).

Among vitrectomized eyes that avoided enucleation (3 patients), the average time from
injection to PPV was 17 days, compared to an average injection-to-PPV time of 38 days
among the 5 eyes that were eventually enucleated (p=0.036; Mann-Whitney rank test).

Of the five eyes that received silicone oil at the time of PPV, four (80%) were eventually
enucleated, while only one (33%) of the three eyes that received PPV without silicone oil
required subsequent enucleation; however, this difference did not achieve statistical
significance (p = 0.46, Fisher exact test). Similarly, no statistical difference was found in the
survival of phakic (3 of 5 eyes required enucleation, 60%) versus pseudophakic (4/7, 57%)
eyes (p=0.99, Fisher exact test).

After 12 months, only one patient (8%) regained her pre-injection visual acuity (20/25,
patient 7), while seven (58%) were enucleated or eviscerated; two (17%) were hand-
motions; and two (17%) were count-fingers at one foot. A summary of the clinical
interventions and visual outcomes is provided in Table 1.

Three patients had persistent-positive cultures for Streptococcus mitis/oralis despite initial
treatment with intravitreal and topical vancomycin. Patient 1 had a second tap and inject
performed the day after presentation and initial treatment, and this vitreous specimen was
culture-positive. The vitreous cassette taken at time of PPV in patient 3, 32 days after
bevacizumab injection, grew Streptococcus, as did cultures taken from the evisceration
specimen in patient 9, 40 days after injection.

Microbiological evaluation
Traditional culture methods (VITEK 2) identified Streptococcus mitis/oralis in all patient
isolates as well seven unused syringes with a probability of 90–99%. Multiple isolates from
the S. mitis group were recovered from three patient samples. All isolates were susceptible
to levofloxacin, moxifloxacin, gatifloxacin, and vancomycin, but differed in their resistance
to ceftriaxone, erythromycin, and penicillin.
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DNA sequencing of the groEL gene confirmed all vitreous isolates belonged to the S. mitis
group with a consistency of 86–98%. Multilocus sequence analysis of seven streptococcal
housekeeping genes performed on nine vitreous specimens and four unused syringes
identified four clusters of bacteria, all of which were part of the S. mitis group. Together,
these molecular analyses confirm that a common pathogen was present in patient specimens
as well as in unused syringes.

FDA investigation of compounding pharmacy
Eleven of the affected patients in this outbreak were members of the same managed care
organization (MCO), which contracted with a compounding pharmacy to supply the treating
ophthalmologists with pre-filled bevacizumab syringes for each patient. That compounding
pharmacy sub-contracted the syringe preparation to a second pharmacy which aliquoted the
drug from 4- or 16-mL vials of bevacizumab into individual syringes, and returned the
syringes to the initial pharmacy. Each syringe was then labeled for a specific patient, and
distributed to the physician office for intravitreal injection. The twelfth patient was a
member of a different MCO, but received a bevacizumab syringe prepared by the
compounding pharmacy.

While the final reports from health agencies including the FDA and Florida Department of
Health have not been published, a ten-page Inspectional Report from the FDA’s site visits to
the pharmacy which divided the bevacizumab vials into individual syringes has been
completed,17 and an FDA Warning Letter was sent to the implicated pharmacy.18

The FDA investigation reports numerous practices at the compounding pharmacy which
may have contributed to this outbreak. These include problems with sterile technique during
drug preparation, inconsistent or absent documentation, and insufficient testing and
monitoring of equipment to ensure appropriate function.

• Problems with sterile technique: During the site visits to the compounding
pharmacy, the investigator noted multiple instances in which sterility may have
been compromised during drug preparation. These include using non-sterile gloves
while handling sterile supplies, using a water-based rather than alcohol-based hand
sanitizer, wiping the tops of vials with non-sterile pads immediately prior to
puncture, and incorrectly using personal protective equipment such as hairnets.

• Inconsistent documentation: The report details specific examples such as empty
bottles being re-filled with non-sterile solutions without obliterating the label to
prevent its use in sterile procedures, and concludes that the pharmacy lacked the
written procedures to assure that the drug products have the identity, strength,
quality, and purity they purported or are represented to possess.

• Insufficient testing and monitoring of equipment: The investigation noted that
routine calibration, maintenance and cleaning of equipment was not performed to
assure proper performance, and that environmental monitoring was not performed
adequately.

Additionally, the FDA report specifically comments on the preparation and handling of
bevacizumab syringes. The report notes that the number of syringes filled and vials used per
batch was not always documented on the compounding or repackaging record, leading to
discrepancies in documentation. Additionally, the report states that the pharmacy lacked
controls to ensure that the safety and quality of compounded drugs would not be affected
during transportation and delivery.

Regarding the syringes implicated in this outbreak, on July 5, 2011, the pharmacy prepared
34 syringes from two vials of bevacizumab, one first opened on June 21, and the other
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opened on July 5. Then, on July 6, the pharmacy prepared 15 additional syringes, using the
vial that had been first punctured on July 5.

Discussion
The long-term clinical outcomes in this outbreak have been poor. Only one patient
recovered useful vision in the affected eye, perhaps because her vitreous cavity was
inoculated with a smaller load of bacteria, though this is speculation. Seven patients required
enucleation or evisceration. These poor visual outcomes are consistent with previously
reported series of Streptococcal endophthalmitis.2,19

PPV did not improve visual outcomes in this outbreak. Two patients received relatively
“early” PPV (at post-injection days 6 and 13) and were able to preserve their eyes, while
five of the six eyes that underwent “late” PPV (at days 32 – 42) underwent subsequent
enucleation. While this may be interpreted as an indication for rapid PPV in post-injection
endophthalmitis, we believe that this likely reflects the disease severity. All patients
received PPV as soon as the cornea and anterior chamber permitted visualization of the
vitreous cavity. Figure 1 includes a representative case (patient 8) of profound corneal
infiltration and ectasia that was not able to be treated with PPV until day 42 when the view
cleared; the eye was eventually enucleated.

Despite reports20–23 about the effects of silicone oil as an antimicrobial or globe-salvaging
agent, the use of silicone oil did not appear to improve final outcomes in this outbreak.
However, as with the interpretation of the timing of PPV, caution should be taken when
drawing conclusions from such a limited sample size.

Three patients had positive Streptococcal cultures despite having received appropriate
intravitreal and topical antibiotics. Histopathological examination of one enucleated eye did
reveal evidence of intravitreal abscess formation, which may serve as a sanctuary for
bacteria from antibiotic therapy. This corroborates previously reported evidence24 that
endophthalmitis may require multiple intravitreal injections to sterilize the vitreous cavity.

Microbiological testing by three methods provide molecular evidence of a common source
for this contamination. The S. mitis in this outbreak was sensitive to fourth-generation
fluoroquinolones, as well as vancomycin. However, the effect of peri-injection prophylaxis
with a fourth-generation fluoroquinolone, whether before, during, or after injection, appears
to be minimal in this outbreak.

The FDA and Florida Department of Health investigations of the compounding pharmacy
occurred after this outbreak began. Therefore, the findings in this report may not reflect the
actual practices on the specific days the syringes were prepared. That said, the FDA report
presents many disturbing findings. Clinicians and patients routinely rely on the safe
preparation of medicines that require sterile compounding and preparation.

Bevacizumab is distributed as a 4- or 16-mL preservative-free single-use vial. Numerous
reports have described the safe preparation of bevacizumab syringes in accordance with
United States Pharmacopeia Chapter 797 (USP <797>), including the importance of using
proper sterile technique and puncturing vials only once.25–28 In certain situations, single-
dose or single-use vials may be repackaged into smaller doses, though USP <797> infection
control standards require that this repackaging occur in International Standard for
Organization (ISO) Class 5 air quality conditions, and that repackaging occur within 6 hours
of initial needle puncture.29 The pharmacy in this outbreak prepared some of the affected
syringes using a vial that had been first opened two weeks earlier.
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Proper documentation both at the compounding pharmacy and at the physician’s office is
also key to minimizing the impact of any potential contamination. Confusing and
inconsistent documentation, such as that reported by the FDA at the implicated pharmacy in
this outbreak, makes tracking down possibly contaminated syringes—and the patients
affected by them—difficult for physicians and public health officials alike.

This and other outbreaks remind clinicians of the importance of careful selection when
choosing a compounding pharmacy for the preparation of drugs for intraocular use.
Currently, the American Academy of Ophthalmology recommends selecting a pharmacy
that adheres to USP <797> standards and is certified by the Pharmacy Compounding
Accreditation Board (PCAB).30 PCAB surveyors provide on-site inspections of pharmacies
to assure that they comply with quality standards.

In summary, 12 patients were affected by a virulent strain of S. mitis/oralis endophthalmitis
after receiving an intravitreal injection of bevacizumab prepared by a single compounding
pharmacy. Microbiological testing confirmed a common source for the contamination, and
an FDA investigation of the compounding pharmacy revealed disturbing findings regarding
the safe preparation of medications used routinely in patient care. Visual results have been
poor after one year. Perhaps this outbreak and others like it will lead to further
improvements in the safe production of compounded and prepared medicines, and help
prevent such an outbreak from occurring again in the future.
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Figure 1.
Case 2 demonstrates the marked anterior chamber reaction and a layered hypopyon (A) that
most patients presented with. Echography obtained at that time confirmed the presence of a
dense vitritis with prominent membranes (B). As the inflammation consolidated, several
patients developed a dense ring infiltrate (C) which, in Case 8, left a prominent inferior
ectasia in the cornea (D). When the view cleared sufficiently to allow for pars plana
vitrectomy, the optic nerves were often pale, the vessels sclerosed, and the retina atrophic, as
in Case 3 (E, F). Case 7 was the only patient to be regain her pre-injection visual acuity. She
presented 3 days after her injection with milder signs and symptoms than the other patients.
Her Snellen visual acuity had deteriorated from 20/40 to 20/200, with a hazy vitritis (G) and
prominent pupillary fibrin (H).

Goldberg et al. Page 16

Ophthalmology. Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Goldberg et al. Page 17

Ta
bl

e 
1

Su
m

m
ar

y 
of

 p
at

ie
nt

s 
w

ith
 S

tr
ep

to
co

cc
us

 e
nd

op
ht

ha
lm

iti
s 

af
te

r 
in

tr
av

itr
ea

l b
ev

ac
iz

um
ab

*

C
as

e
B

as
el

in
e

di
ag

no
si

s

P
re

in
je

ct
io

n
V

is
ua

l
A

cu
it

y

V
is

ua
l A

cu
it

y 
at

th
e 

T
im

e 
of

E
nd

op
ht

ha
lm

it
is

D
ay

s 
to

P
re

se
nt

at
io

n
In

it
ia

l
T

re
at

m
en

t
Su

rg
ic

al
in

te
rv

en
ti

on

V
is

ua
l

A
cu

it
y

at
 1

2
m

on
th

s

D
ay

s
to P
P

V

1
A

M
D

20
/4

00
L

P
2

V
,C

,D
PP

V
, E

nu
c

N
L

P
39

2
C

M
E

20
/1

00
H

M
2

V
,C

,D
PP

V
, E

nu
c

N
L

P
32

3
A

M
D

20
/3

0
L

P
2

V
,C

,D
PP

V
1/

20
0

32

4
A

M
D

20
/4

00
L

P
2

V
,C

,D
PP

V
, E

nu
c

N
L

P
39

5
A

M
D

20
/4

00
L

P
1

V
,C

,D
E

vi
s

N
L

P
-

6
A

M
D

20
/5

0
L

P
1

V
,C

,D
PP

V
, E

nu
c

N
L

P
39

7
A

M
D

20
/4

0
20

/2
00

3
V

,C
,D

20
/2

5
-

8
C

M
E

C
F

L
P

6
V

,C
,D

PP
V

, E
nu

c
N

L
P

42

9
V

O
/N

V
G

C
F

L
P

6
V

,C
,D

E
vi

s
N

L
P

-

10
A

M
D

20
/4

0
L

P
3

V
,C

H
M

-

11
A

M
D

20
/2

5
C

F
2

V
, A

PP
V

1/
20

0
6

12
A

M
D

20
/2

5
H

M
2

V
, A

PP
V

H
M

13

* A
ll 

cu
ltu

re
 r

es
ul

ts
 w

er
e 

po
si

tiv
e 

fo
r 

St
re

pt
oc

oc
cu

s 
m

iti
s 

/ o
ra

lis
.

A
M

D
, a

ge
-r

el
at

ed
 m

ac
ul

ar
 d

eg
en

er
at

io
n;

 C
M

E
, c

ys
to

id
 m

ac
ul

ar
 e

de
m

a;
 V

O
, v

ei
n 

oc
cl

us
io

n;
 N

V
G

, n
eo

va
sc

ul
ar

 g
la

uc
om

a;
 N

L
P,

 n
o 

lig
ht

 p
er

ce
pt

io
n;

 L
P,

 li
gh

t p
er

ce
pt

io
n;

 H
M

, h
an

d 
m

ot
io

ns
; C

F,
 c

ou
nt

fi
ng

er
s;

 V
, i

nt
ra

vi
tr

ea
l v

an
co

m
yc

in
 1

.0
 m

g/
0.

1 
m

L
; C

, i
nt

ra
vi

tr
ea

l c
ef

ta
zi

di
m

e 
2.

25
 m

g/
0.

1 
m

L
; A

, i
nt

ra
vi

tr
ea

l a
m

ik
ac

in
 0

.4
 m

g/
0.

1 
m

L
; D

, i
nt

ra
vi

tr
ea

l d
ex

am
et

ha
so

ne
 0

.4
 m

g/
0.

1 
m

L
; P

PV
, p

ar
s 

pl
an

a
vi

tr
ec

to
m

y;
 E

vi
s,

 e
vi

sc
er

at
io

n;
 E

nu
c,

 e
nu

cl
ea

tio
n

Ophthalmology. Author manuscript; available in PMC 2014 July 01.


