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Clinical management of an outbreak 
of nutritionally variant streptococcus 
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bevacizumab injection
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Abstract 

Background: The management of an outbreak of endophthalmitis associated with intravitreal bevacizumab rep-
resents a challenging real-time process involving identification of cases, treatment and mitigation measures during 
the outbreak. We summarize the clinical presentation and management of a cluster of endophthalmitis cases from 
contaminated bevacizumab, in addition to mathematical probabilistic assessment of the number of cases that define 
an outbreak.

Methods: A retrospective study was conducted to assess the management of an endophthalmitis outbreak after 
intravitreal bevacizumab (IVB) administration. Demographic data, clinical information, individual patient management 
and public health reporting measures were reviewed. Outcomes of patients who received prophylactic antibiotics for 
endophthalmitis prevention were also reviewed. Binomial tail probability calculations were performed to determine 
the likelihood of clusters of endophthalmitis that could inform when an outbreak was evolving that would warrant 
more public health notification measures and communication.

Results: Forty-five eyes of 42 patients who received IVB from a single batch were reviewed. Four cases of endoph-
thalmitis from Granulicatella adiacens, a nutritionally-variant Streptococcus species, were treated successfully with 
intravitreal antibiotics ± vitrectomy. Thirty-four of the remaining 41 eyes were treated with prophylactic intravitreal 
vancomycin with no additional cases of endophthalmitis. Outbreak management also included CDC, ASRS and 
public health authority notification. Binominal tail probabilities demonstrated the rarity of clusters from a single batch 
(i.e. ~ 1/10,000 for 2 cases; 1/2 million for 3 cases). However, given the U.S. scale of IVB administration, there is an 87% 
chance of a cluster ≧ 2 and a 1% chance of a cluster ≧ 3 cases annually, which may guide outbreak management. A 
process diagram was developed to incorporate patient management and public health measures when an outbreak 
is suspected.

Conclusion: Intravitreal antibiotics and vitrectomy were effective in the individual management of cases of endoph-
thalmitis, and no serious adverse events occurred with prophylactic intravitreal vancomycin for at-risk eyes. Best 
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Background
Endophthalmitis after intravitreal anti-vascular 
endothelial growth factor (anti-VEGF) injections is a 
severe, vision-threatening complication with a reported 
incidence ranging from 0.02 to 0.05% [1–5]. Outbreaks 
of bacterial endophthalmitis following anti-VEGF 
injections may result in vision loss from vitreous opac-
ity, retinal detachment, and in particularly severe cases, 
globe loss due to infectious, inflammatory and fibrotic 
processes[6–9].

Streptococcus endophthalmitis can be particularly 
severe with recent case series reporting severe vision 
loss ranging from 44 to 92% [6–8]. In one series of 12 
patients who developed S. mitis/oralis endophthalmi-
tis, 7 of 12 patients (58%) required enucleation or evis-
ceration and showed a range of histopathologic changes 
that included retinal detachment, fibrous prolifera-
tion and cyclitic membrane formation [9]. Given the 
potential for vision- and globe-threatening sequelae of 
endophthalmitis in outbreak situations, anticipation of 
these rare events requires planning and rapid decision-
making based on risk assessment and real-time data.

We report the clinical features, management, and 
outcomes of an endophthalmitis cluster following intra-
vitreal bevacizumab injections. All patients from one 
center received intravitreal injections of bevacizumab 
from a single lot through a compounding pharmacy. A 
summary of the demographic information, clinical fea-
tures of the four patients, and Centers for Disease Con-
trol Prevention (CDC) investigation of clinic practices 
and the compounding pharmacy was described previ-
ously [10]. In this report, we report the detailed clinical 
presentation, management and follow-up, as well as the 
decision-making. We also report statistical analyses to 
better understand the likelihood of clusters of endoph-
thalmitis based on batching practices in the United 
States.

Methods
Medical charts of all patients who received intravit-
real bevacizumab over a three-day period from March 
4th to March 6th, 2013 from a single center were ret-
rospectively reviewed. Data collected included patient 
age, diagnoses, visual acuities, vitreous culture results, 

medical and surgical treatment, and visual acuities dur-
ing follow-up.

Descriptive statistics were reported as frequencies or 
medians with interquartile ranges as appropriate. Bino-
mial tail probabilities were computed based on a batch 
size of 70, the typical of the number of doses available 
from a single 100  mg vial of the drug. Statistical analy-
ses were performed using SAS software version 9.4 (Cary, 
NC). The study was approved by the Institutional Review 
Board of the St. Mary’s Hospital, Athens, Georgia.

Results
A total of forty-five intravitreal bevacizumab injections 
(1.25 mg/0.05 ml) were performed between March 4 and 
March 6, 2013 at a single center. Specifically, 28 patients 
received bevacizumab on March 4, 2013, 12 patients on 
March 5, 2013, and five patients on March 6, 2013. Three 
patients received bilateral bevacizumab injections with 
administration of medication for the first eye on March 
4, 2013 and the fellow eye on March 6, 2013. During this 
three-day period, four patients presented with clinical 
endophthalmitis after administration of the bevacizumab 
injections. Patients were urgently contacted by telephone, 
promptly examined and treated with intravitreal antibiot-
ics when clinical endophthalmitis was suspected. Given 
the rapidity of onset and severe presenting visual acu-
ity in patients who developed clinical signs of endoph-
thalmitis, subsequent patients who were evaluated were 
offered prophylactic intravitreal vancomyin injection 
(1 mg/0.1 ml) following the preliminary identification of 
a gram-positive organism by the microbiology laboratory.

Demographic information and clinical background
The cohort of patients included 24 men (57%) and 
18 women (43%) with a median age of 82  years (IQR 
72–85  years). The indications for treatment with anti-
VEGF injection included wet age-related macular degen-
eration (34 patients, 81%), diabetic macular edema (6 
patients, 14%), proliferative diabetic retinopathy (1 
patient, 2%), and branch retinal vein occlusion (1 patient, 
2%). Of the 70 syringes in the lot prepared by the same 
pharmacy on February 13, 2013, 24 injections had been 
performed two weeks earlier with no adverse events.

practices for outbreaks should be evaluated, given their likelihood within the U.S. and the sight-threatening conse-
quences of endophthalmitis.

Keywords: Intravitreal injections, Endophthalmitis, Outbreak, Disease cluster, Nutritionally-variant streptococcus, 
Granulicatella
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Description of cases
Four of the 28 patients who received intravitreal beva-
cizumab on March 4, 2013 presented with endophthal-
mitis. The first case presented on post injection day 2 
(March 6, 2013), two cases presented on post injection 
day 3 (March 7, 2013), and one case presented on day 
4 (March 8, 2013). The four patients who developed 
endophthalmitis represented 9.5% of the 42 patients 
treated with intravitreal bevacizumab during the three 
day period. Their clinical presentation, treatment and 
clinical course are summarized in Table 1 with details of 
their clinical course and management as follows.

Case 1
A 74-year-old woman presented two days after receiv-
ing an intravitreal bevacizumab injection with decreased 
vision, eye pain, inflammation and fibrinous reaction in 
the anterior chamber without hypopyon. Fundus exami-
nation showed dense vitreous cell and haze with a poor 
view of the retina. Scattered retinal hemorrhages were 
observed. An emergent vitreous tap and injection of van-
comycin (1 mg/0.1 cc) and ceftazidime (2.25 mg/0.1 cc) 
were performed in the clinic on March 6, 2013. Gram 
stain results revealed gram-positive rods with cultures 
pending for seven days. On March 9, 2013 (post injec-
tion day five), visual acuity declined to hand motions at 
1.5 feet and a B-scan ultrasound showed increased vit-
reous debris. The patient underwent repeat intravitreal 
injection of vancomycin (1 mg/0.1 cc). There was gradual 
resolution of vitreous inflammation and improvement of 
vision over the next six weeks.

Case 2
An 85-year-old man presented with decreased vision 
and eye pain on March 7, 2013, 3  days after receiving 
an intravitreal bevacizumab injection. His visual acu-
ity on presentation was light perception only. Dense 
vitreous inflammation precluded a view of the ocular 
fundus. Given the severity of acute vision loss, an emer-
gent pars plana vitrectomy with intravitreal injection of 
antibiotics (vancomycin (1  mg/0.1  cc) and ceftazidime 

(2.25 mg/0.1 cc)) was performed. The vitreous inflamma-
tion resolved over a one-month period.

Case 3
An 84-year-old man presented with decreased vision, 
chemosis, hypopyon and vitreous inflammation, but no 
eye pain on March 7, 2013, three days after receiving an 
intravitreal bevacizumab injection (Fig.  1a). Pars plana 
vitrectomy with intravitreal injection of antibiotics was 
performed emergently. The vitreous inflammation gradu-
ally resolved over the next month.

Case 4
A 62-year-old woman received intravitreal bevacizumab 
injection in the affected eye on March 4, 2013 and in the 
fellow eye on March 6, 2013. On March 8, 2013, four 
days after her intravitreal injection, she presented with 
decreased vision, severe eye pain and vitreous inflamma-
tion, which was consistent with endophthalmitis. Emer-
gent pars plana vitrectomy with intravitreal injection of 
antibiotics was performed. Postoperatively, she devel-
oped a dense vitreous hemorrhage, and the vision was 
hand motions at three feet immediately after surgery. The 
patient had been on the anticoagulant apixaban (Eliquis), 
which was subsequently discontinued by her cardiologist. 
On March 19, 2013, her vision declined to light percep-
tion, and she underwent a repeat vitrectomy and intra-
vitreal vancomycin injection. A gram stain of the vitreous 
sample from the second surgery revealed gram-positive 
cocci, although cultures showed no growth. Her vision 
remained in the hand motions range due to persistent 
dense vitreous hemorrhage. On March 24, 2013, she was 
noted on B-scan ultrasound to have an inferotemporal 
retinal detachment, which was repaired with vitrectomy 
and silicone oil. Removal of silicone oil was performed on 
April 23, 2013. Her visual acuity improved to 20/200 and 
she was treated with three monthly aflibercept injections 
in April, May, and June 2013. She underwent cataract 
surgery on August 6, 2013. and her visual acuity eventu-
ally recovered to 20/25 in the affected eye by December 
13, 2013.

Table 1 Characteristics of patients presenting with endophthalmitis

HM Hand motions, LP Light perception

Case No./Age/Sex Baseline vision Vision when diagnosed 
with endophthalmitis

Days 
to presentation

Vitrectomy Final Visual Acuity, (Follow-up 
Time since endophthalmitis, 
months)

1/74/F 20/20 HM @ 6 ft 2 N 20/25 (3)

2/85/M 20/600 LP 3 Y 20/800 (3)

3/84/M 20/40-2 20/400 3 Y 20/60-2 (3)

4/62/F 20/20-2 20/80 4 Y 20/25-2 (9)
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Prophylactic intravitreal vancomycin consideration 
and treatment
Because of the number of patients who had presented 
in a short period of time with severe, sight-threatening 
endophthalmitis, it was unclear how many more cases 
of endophthalmitis would develop as the cluster of cases 
was unfolding. For this reason, all patients who had 
received intravitreal bevacizumab injection that week 
were contacted by telephone (or via certified, overnight 
mail if unreachable by phone) on day four (March 8, 
2013) and asked to return to the clinic for prompt re-
examination. Options discussed included observation 
with close follow-up versus prophylactic intravitreal 
injection of antibiotic with coverage for gram-positive 
organisms. Between March 8 and March 10, 2013, 34 
eyes were treated with prophylactic intravitreal vancomy-
cin (1.0 mg/0.1 cc) after informed consent was obtained. 
One patient was allergic to vancomycin and was treated 
with oral moxifloxacin. One patient declined prophy-
lactic antibiotic injection and elected close follow-up. 
The remaining five patients were not treated because 
they were unable to return to the clinic before day seven 
(March 11, 2013) and were noted to be unaffected by 
their follow-up exam.

Public health notification and reporting
The Centers for Disease Control and Prevention (CDC), 
Georgia Department of Health, and the pharmacy were 
notified on March 7, 2013 (day three) and FDA Med-
Watch was notified on March 8, 2013 (day four), as it 
became apparent that a cluster of endophthalmitis cases 
was evolving. The American Society of Retina Specialists 
(ASRS) Adverse Event Reporting Section was also noti-
fied the following week. Patients previously scheduled 

to receive anti-VEGF injections in the afternoon clinic 
on March 6, 2013 and over the next two weeks were 
diverted to other retina centers while further investiga-
tion was undertaken. The pharmacy issued a nationwide 
voluntary recall of all bevacizumab unit dose syringes on 
March 15, 2013. Following an investigation into the out-
break, the CDC concluded that contamination was likely 
introduced during repackaging by the compounding 
pharmacy, where deficiencies in the pharmacy’s sterile 
compounding processes were documented.

Microbiology identification of organism and sensitivities
Culture results from the vitreous aspirates of all four 
affected cases were positive for Granulicatella adiacens. 
The time to identification of the organism was seven 
days. Susceptibility testing later became available and 
revealed that the organism was sensitive to vancomycin, 
ceftriaxone and levofloxacin.

Cluster definition and statistical analysis with binominal 
tail probabilities
Assessment of whether or not an outbreak is occur-
ring and determination of the appropriate intervention 
requires a rigorous definition of a disease cluster. A dis-
ease cluster occurs when the number of endophthalmitis 
cases in a given batch of bevacizumab not only signifi-
cantly exceeds what is to be expected under endemic 
rates of endophthalmitis for a single batch, but also sig-
nificantly exceeds what is expected among all N batches 
of bevacizumab delivered in the United States within 
a given year. Under endemic rates, the probability pn of 
n or more cases of endophthalmitis in a single batch of 
M doses of bevacizumab may be computed using bino-
mial tail probabilities. The probability that at least one 

Fig. 1 A. Slit lamp photograph of patient with endophthalmitis from Granulicatella adiacens shows layered ~ 1 mm hypopyon (yellow arrow) and 
fibrin plug on lens capsule. B. A higher magnification photograph shows the dense adhesion of the fibrin plug to the lens capsule. Note the corneal 
endothelial folds (Descemet’s folds, green arrows) indicating severe intraocular inflammation
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of those batches will result in n or more infections is 
πn = 1− (1− pn)

N . The occurrence of n or more cases 
in a given batch is defined to be an endophthalmitis clus-
ter if πn is small. The expected number of clusters of size 
n is N × πn.

To be conservative, binomial tail probabilities of n or 
more cases were computed based on a batch size of 70, 
the typical of the number of doses generated by the phar-
macy from a single 100 mg vial of the drug. Table 2 gives 
binomial tail probabilities of n or more infections out of 
a batch of 70 doses for endophthalmitis incidence rates 
ranging from 0.02 to 0.05% (or 1 in every 2,000 to 5,000 
injections). These estimates confirm that clusters from a 
single batch are rare: ~ 1 in 10,000 for 2 cases and 1 in 2 
million for 3 cases (Table 2).

To estimate the likelihood of an endophthalmitis clus-
ter in the context of intravitreal bevacizumab adminis-
tered in clinical practice in the United States, we derived 
the number of intravitreal bevacizumab injections and 
batches as follows. The number of intravitreal bevaci-
zumab injections given in the U.S. was estimated to be 
approximately 1,500,000, based on Medicare Provider 
Utilization and Payment Data for 2013 (1,080,635 fee-
for-service Medicare beneficiaries [11], plus an addi-
tional 30% estimated Medicare-Advantage beneficiaries 
[12] and a conservative estimate of 10% of patients under 
the age of 65 in private plans). This corresponds to 
N = 21, 428 batches of 70 bevacizumab injections per 
batch. With an estimated N = 21, 428 batches of bevaci-
zumab injections per year in the United States, the prob-
abilities πn that at least one batch in the U.S. will result 
in n or more infections were computed under scenarios 
corresponding to the range of estimated incidences 
(Table 3).

The probability of a cluster equaling or exceeding the 
four observed cases reported here is remarkably low, 
ranging from 0.003% to 0.1%, assuming the incidence of 
endophthalmitis to be 0.02% or 0.05%, respectively, indi-
cating the significance of our cluster (Table 3). However, 
the probability of a cluster of two or more endophthalmi-
tis infections in at least one batch in the U.S. annually is 
not as unlikely: there is an 87% chance of a cluster of two 

or more cases in the U.S. yearly assuming an incidence 
of 0.02%. With increasing numbers of bevacizumab injec-
tions each year, the above expression implies that the 
probabilities reported in Table 3 and the number of clus-
ters of size n or more are expected to increase over time.

Conclusion
In this report, we describe our clinical experience and 
detailed management of a concerning and rapid out-
break of four cases of endophthalmitis following intra-
vitreal injections from a single lot of bevacizumab. Our 
intervention to quell the outbreak of endophthalmitis 
included offering prophylactic intravitreal vancomy-
cin, given the severe vision impairment and initial con-
cerns of the potential for permanent vision loss without 
prompt intervention, and risk mitigation measures. Col-
laboration with the CDC, ASRS, and Georgia Depart-
ment of Health were essential to the management of this 
infectious disease cluster, which included evaluation of 
eye clinic protocols for intravitreal injection, infection 
control precautions and assessment of environmental 
precautions, as well as assessment of the compound-
ing pharmacy. Our findings raise several considerations 
related to protocol on managing these scenarios, for 
which there currently is no definitive consensus.

Emergent vitreous tap for Gram stain and culture, in 
conjunction with intravitreal vancomycin and ceftazi-
dime injections or pars plana vitrectomy with intravitreal 
antibiotic injection remains the mainstay for the imme-
diate treatment of post injection endophthalmitis. Pro-
phylactic antibiotic injection may be considered to limit 
the outbreak. One of the primary challenges in managing 
an endophthalmitis cluster is the real-time identification 
of an outbreak. For instance, does the identification of a 
second case constitute a cluster or should providers wait 
until a third case occurs to initiate an outbreak-specific 
management strategy? Our statistical analysis suggests 
that while clusters from a single batch are rare, the like-
lihood of clusters occurring in a particular year given 
the scale of all injections in the USA is perhaps greater 

Table 2 Binomial tail probabilities of  ≥ n number 
of cases of endophthalmitis in a batch of 70 bevacizumab 
injections

Number of infections 
(n)

Incidence

0.02% (1 in 5000) 0.05% (1 in 2000)

≥ 2 9.57× 10
−5

5.90× 10
−4

≥ 3 4.34× 10
−7

6.62× 10
−6

≥ 4 1.45× 10
−9

5.58× 10
−8

Table 3 Probabilities πn of  clusters exceeding various 
sizes in  at  least one batch among  all those administered 
in  the  United States as  a  function of  estimated incidence 
assuming that the number of batches M = 21, 428

Number of infections 
(n)

Incidence

0.02% (1 in 5000) 0.05% (1 in 2000)

≥ 2 0.871362606 0.99999678

≥ 3 0.009256645 0.132251914

≥ 4 0.000031070 0.001194968
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than one might expect (87% chance of a cluster ≧2 cases 
and a 1% chance of a cluster ≧3 cases yearly, Table  3). 
Had effective prophylactic injections been administered 
immediately following the second case in this series, two 
cases of endophthalmitis could have potentially been pre-
vented. However, estimation of the number of additional 
cases of endophthalmitis once an outbreak is identified 
has limitations because batch contamination may not be 
uniform and patient susceptibility can be variable. More-
over, there are risks associated with additional antibiotic 
injection as well.

A conservative recommendation would potentially 
include immediate prophylactic antibiotic injection fol-
lowing the second endophthalmitis case from a given 
batch. This approach may result in over-treatment; 
however, the risks of potential vision loss from endoph-
thalmitis must be weighed against the risks and costs of 
prophylactic antibiotic injection. For example, there have 
been recent reports of hemorrhagic occlusive retinal vas-
culitis (HORV) associated with intraocular vancomycin 
injection leading to severe vision loss [13, 14]. HORV was 
not observed in the patients receiving intravitreal van-
comycin injection in our series. Ultimately, the choice 
of appropriate prophylactic antibiotic should be based 
on available culture results weighted against the risks of 
adverse events related to the antibiotic itself.

The unpredictable nature of an outbreak presents 
unique challenges as it requires a rapid response and 
can elicit anxiety among patients and the health care 
staff, and potentially lead to economic and social disrup-
tion. The World Health Organization has identified five 
essential best practices when faced with an outbreak: 
building public confidence, early announcement, trans-
parency, respect for public concerns, and planning in 
advance [15]. Presently there are no guidelines specific 
to an endophthalmitis outbreak for ophthalmology pro-
viders to follow. Given the growing number of intravit-
real injections in the United States, our ability to quickly 
and effectively manage an emerging outbreak situation is 
paramount.

Based on our experience in this outbreak and oth-
ers reported in the literature, future recommendations 
for ophthalmologists faced with these dilemmas could 
include the following: 1) Treatment of affected cases with 
urgent vitreous tap for Gram stain and culture or pars 
plana vitrectomy and intravitreal injection of antibiotics; 
2) Prompt explanation to the patients, notification to the 
pharmacy and such appropriate agencies including FDA 
MedWatch, CDC, Department of Health, and the ASRS 
Adverse Events Reporting Section; 3) Close follow-up of 
the remaining patients versus prophylactic injection of 
appropriate antibiotic based on Gram stain and culture 

Fig. 2 Proposed process diagram for management of an endophthalmitis outbreak when a cluster is suspected
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results, while weighing the risks of antibiotic injection 
and the ability of patients to return for close follow-up 
(Fig. 2).

Acknowledgements
We gratefully acknowledge the contributions of Dr. Laura Edison for her guid-
ance from the Centers for Disease Control and Prevention, Atlanta, Georgia.

Author contributions
ACB, SLR, SK, SY and MNI provided funding, drafted, and revised the 
manuscript. ACB, SK, GBH, CB, SY, and MNI contributed data and revised the 
manuscript. All authors agreed to the final version of the manuscript prior to 
submission.

Funding
This project was supported by unrestricted departmental grant from Research 
to Prevent Blindness, Inc. to the Emory Eye Center, Emory University School 
of Medicine, National Eye Institute/ National Institutes of Health core grant 
P30-EY06360 (Department of Ophthalmology, Emory University School of 
Medicine), National Eye Institute of the National Institutes of Health under 
award number R01 EY029594 (Yeh). The content is solely the responsibility 
of the authors and does not necessarily represent the official views of the 
National Institutes of Health or the views or policies of the Department of 
Health and Human Services, nor does mention of trade names, commercial 
products, or organizations imply endorsement by the U.S. Government.

Availability of data and materials
Patient data are presented in the body of this manuscript and specific data 
can be made available via the corresponding authors.

Ethics approval and consent for publication
This study was approved by the Institutional Review Board of St. Mary’s Hospi-
tal, Athens, Georgia.

Competing interests
The Authors declare no competing interests or conflict of interest.

Prior presentation
This abstract was presented at the Association for Research in Vision and Oph-
thalmology Annual Meeting in Vancouver, Canada, April 29, 2019.

Author details
1 Uveitis and Vitreoretinal Surgery, Emory Eye Center, Emory University School 
of Medicine, Atlanta, GA, USA. 2 Department of Epidemiology and Biostatistics, 
College of Public Health, University of Georgia, Athens, Georgia 30602, USA. 
3 Retina Consultants of Carolina, 1126 Grove Road, Greenville, SC 29605, USA. 
4 Uveitis and Retina Service, Truhlsen Eye Institute, University of Nebraska 
Medical Center, Omaha, NE, USA. 5 Athens Retina Center, 2705 Jefferson Rd, 
Athens, GA 30607, USA. 

Received: 4 November 2020   Accepted: 16 February 2021

References
 1. VanderBeek BL, Bonaffini SG, Ma L. Association of compounded 

bevacizumab with postinjection endophthalmitis. JAMA Ophthalmol. 
2015;133(10):1159–64.

 2. Mason JO 3rd, White MF, Feist RM, et al. Incidence of acute onset endoph-
thalmitis following intravitreal bevacizumab (Avastin) injection. Retina. 
2008;28(4):564–7.

 3. Meredith TA, McCannel CA, Barr C, et al. Postinjection endophthalmitis in 
the comparison of age-related macular degeneration treatments trials 
(CATT). Ophthalmology. 2015;122:817–21.

 4. McCannel CA. Meta-analysis of endophthalmitis after intravitreal injection 
of anti-vascular endothelial growth factor agents: causative organisms 
and possible prevention strategies. Retina. 2011;31(4):654–61.

 5. Moshfeghi AA, Rosenfeld PJ, Flynn HW Jr, et al. Endophthalmitis after 
intravitreal anti-vascular endothelial growth factor antagonists: a six-year 
experience at a university referral center. Retina. 2011;31(4):662–8.

 6. Frost BA, Kainer MA. Safe preparation and administration of intravitreal 
bevacizumab injections. N Engl J Med. 2011;365:2238.

 7. Goldberg RA, Flynn HW Jr, Isom RF, et al. An outbreak of streptococcus 
endophthalmitis after intravitreal injection of bevacizumab. Am J Oph-
thalmol. 2012;153:204–8.

 8. Goldberg RA, Flynn HW Jr, Miller D, et al. Streptococcus endophthalmitis 
outbreak after intravitreal injection of bevacizumab: one-year outcomes 
and investigative results. Ophthalmology. 2013;120:1448–53.

 9. Mathews JL, Dubovy SR, Goldberg RA, Flynn HW Jr. Histopathol-
ogy of streptococcus mitis/ oralis endophthalmitis after intravitreal 
injection with bevacizumab: a report of 7 patients. Ophthalmology. 
2014;121:702–8.

 10. Edison LS, Dishman HO, Tobin Angelo MJ, et al. Endophthalmitis 
outbreak associated with repackaged bevacizumab. Emerg Infect Dis. 
2015;21(1):171–3.

 11. Erie JC, Barkmeier AJ, Hodge DO, Mahr MA. High variation of intra-
vitreal injection rates and medicare anti-vascular endothelial growth 
factor payments per injection in the United States. Ophthalmology. 
2016;123:1257–62.

 12. Williams GA. IVT injections: health policy implications. Rev Ophthalmol. 
2014

 13. Nicholson LB, Kim BT, Jardon J, et al. Severe bilateral ischemic retinal vas-
culitis following cataract surgery. Ophthalmic Surg Lasers Imaging Retina. 
2014;45(4):338–42.

 14. Witkin AJ, Chang DF, Jumper JM, et al. Vancomycin-associated hemor-
rhagic occlusive retinal vasculitis: clinical characteristics of 36 eyes. 
Ophthalmology. 2017;124(5):583–95.

 15. Outbreak communication: Best practices for communicating with the 
public during an outbreak. Report of the WHO Expert Consultation on 
Outbreak Communications held in Singapore, 21–23 September 2004.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Clinical management of an outbreak of nutritionally variant streptococcus endophthalmitis following intravitreal bevacizumab injection
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Results
	Demographic information and clinical background
	Description of cases
	Case 1
	Case 2
	Case 3
	Case 4

	Prophylactic intravitreal vancomycin consideration and treatment
	Public health notification and reporting
	Microbiology identification of organism and sensitivities
	Cluster definition and statistical analysis with binominal tail probabilities

	Conclusion
	Acknowledgements
	References




