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532 Genomics and proteomics to dissect normal and diseased 
ocular sites: an immunology and microbiology perspective
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Program Number: 5614
Presentation Time: 11:30 AM–11:45 AM
The Conjunctiva has a Sparse Endogenous Flora that is Distinct 
from that of the Peri-Ocular Skin
Olof H. Sundin1, Ted W. Reid2, Kelly Mitchell2, Coby Ray2, 
McCartney David2, Elisa Morales1, B. M. Fagan1, 
Sophia N. Hantzopulos1, Peter Lin3, Michael F. Maldonado3. 
1Biomedical Sciences, Texas Tech Health Sciences Center at El Paso, 
El Paso, TX; 2Ophthalmology, Texas Tech Health Sciences Center, 
Lubbock, Lubbock, TX; 3Department of Surgery, Texas Tech Health 
Sciences Center at El Paso, El Paso, TX.
Purpose: Knowledge concerning the types and numbers of bacteria 
on the normal conjunctival surface is a crucial starting point 
for understanding ocular infections and related pathology. Our 
hypothesis is that the eye has an endogenous, self-renewing bacterial 
population. We have found that characterizing this very sparse flora 
by Next Generation DNA sequence analysis is feasible, but poses 
special technical challenges.
Methods: We recruited 29 volunteers and collected samples from 
both inferior palpebral and nasal bulbar conjunctiva using sterile 
nylon swabs. From 9 of these, we also collected swab samples of 
peri-ocular skin. Centrifugation concentrated intact bacteria, and 
DNA was extracted by mechanical disruption, then analyzed by 
pan-bacterial quantitative PCR. The Illumina MiSeq sequencer and 
its software was used for metagenomic analysis of 16S rRNA genes. 
Low levels of microbial DNA made it necessary to first PCR amplify 
a 963 bp segment of 16S rRNA gene that spanned variable regions 
V1 through V5. This was followed by a standard Illumina 16S rRNA 
gene metagenomic workflow, which involved bacterial identification 
using a V3-V4 segment nested inside the first amplimer.
Results: Roughly 3,000 bacterial genomes were collected from each 
eye. Over 70% of this bacterial DNA pelleted, indicating that it was 
packaged in cells, which we are examining microscopically by in situ 
hybridization. Only 3% of these cells produce colonies in aerobic 
culture. Sequencing of controls revealed 5% contamination with 
Alpha Proteobacteria from extraction kits and other reagents. When 
these contaminants were subtracted, the most abundant genera were 
50% Staphylococcus, 20% Corynebacterium, 4% Propionobacter, 
2% Streptococcus 2% Anaerococcus, and 1% Micrococcus. The most 
common ocular species was Staphylococcus epidermidis, at 4%. 
Peri-ocular skin flora of the same individual was populated by similar 
genera, but had different species, many of which were completely 
absent from the eye.
Conclusions: Most bacterial DNA recovered from the eye is 
packaged in cells, and its metagenomic characterization reflects a 
broader diversity than the species recovered by culture. Its species 
composition suggests that the ocular surface has a distinctive 
endogenous flora, one that is not simply the result of bulk transfers 
from the skin. The origins of this flora and its variation between 
individuals remain to be determined.
Commercial Relationships: Olof H. Sundin, None; Ted W. Reid; 
Kelly Mitchell, None; Coby Ray, None; McCartney David, None; 
Elisa Morales, None; B. M. Fagan, None; Sophia N. Hantzopulos, 
None; Peter Lin, None; Michael F. Maldonado, None
Support: Indirect cost funds from R01 EY013610, and an Intramural 
President's Collaborative Grant from TTUHSC
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THE TEMPORAL STABILITY OF THE OCULAR SURFACE 
MICROBIOME
Jerome Ozkan, Cristina Diez-Vives, Shaun Nielsen, Torsten Thomas, 
Minas T. Coroneo, Mark Willcox. University of New South Wales, 
Kensington, NSW, Australia.
Purpose: To determine if there is a core ocular surface microbiome 
and whether this changes over time in a healthy cohort using standard 
microbiological culturing and culture-independent 16S rRNA gene 
sequencing.
Methods: Swabs were taken of the superior and inferior bulbar 
conjunctiva of 45 healthy, non-contact lens wearing participants 
at three time-points (baseline, 1-month and 3-months) along with 
11 negative controls (blank swabs and nuclease free water). Swabs 
were taken from both eyes of each participant and then randomly 
assigned to be processed for either microbial culturing using standard 
biochemical tests or DNA extraction and paired-end 16S rRNA 
amplicon sequencing using the Illumina MiSeq platform.
Results: Both cultured cell counts and DNA extract concentrations 
revealed extremely low microbial biomass on the healthy ocular 
surface. In total, 75% of samples were culture positive with the most 
commonly isolated species being coagulase-negative Staphylococcus 
(CNS) (38% of participants), Proprionibacteria sp (28%), 
Micrococcus sp. (20%) and Corynebacteria sp. (5%). No species 
was found in all participants at all times or in all participants in any 
one time. CNS, Proprionibacteria and Micrococcus were present in 
at least one or more participants at all times. After quality filtering 
of 16S rRNA sequencing data and removal of contaminant taxa 
identified in negative controls, there were 242 operational taxonomic 
units (OTUs) observed, with the most commonly detected genera 
Corynebacterium, Acinetobacter, Neisseriaceae and Streptococcus. 
No OTU was found in all participants at all times or in all participants 
in any one time but there were 26 OTUs present in at least one or 
more participants at all times. This included Corynebacterium, 
Acinetobacter, Neisseriaceae.
Conclusions: The healthy ocular surface contains very few microbes. 
Using culture dependent and independent methods, there did not 
appear to be a core ocular surface microbiome and this was because 
there was large variation among individuals. However, consistently 
present taxa could be observed within individuals suggesting the 
possibility of specific core microbiome rather than a general one. 
Lastly, contaminant DNA remains the principal challenge in sampling 
the ocular surface and must not be overlooked.
Commercial Relationships: Jerome Ozkan, None;  
Cristina Diez-Vives, None; Shaun Nielsen, None; Torsten Thomas, 
None; Minas T. Coroneo, None; Mark Willcox, None
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Presentation Time: 12:00 PM–12:15 PM
Aqueous humor protein changes after rabbit lensectomy with 
intraocular lens insertion
Jonathon Young, Sierra Jin, Christine Skumatz, Iris S. Kassem. 
Medical College of Wisconsin, Milwaukee, WI.
Purpose: Previous studies demonstrated robust postoperative 
inflammation and fibrosis after lensectomy in juvenile rabbits. We 
sought to identify changes in aqueous humor protein composition that 
may affect the response after lensectomy with intraocular lens (IOL) 
insertion.
Methods: All experiments were approved and in compliance with 
the Animal Care Committee at the Medical College of Wisconsin. 
Juvenile (6-7 week old) New Zealand White rabbits had clear-
cornea lensectomy under general anesthesia with Simcoe irrigation 
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and aspiration followed by acrylic IOL insertion (Alcon SN60WF 
30D). Anterior chamber fluid was collected before lensectomy and 
three days following surgery using a 30-gauge needle on a syringe. 
Samples were stored at -80 degrees Celsius until analysis. Liquid 
chromatography tandem mass spectrometry (LC-MS/MS) was 
performed using a Linear Ion Trap Orbitrap Velos mass spectrometer 
(Thermo-Fisher Scientific). Database searching was done with 
MaxQuant version 1.4.1.2, and Uniprot sequence database.
Results: Protein profile differences were demonstrated when 
comparing the aqueous humor samples from the same eye before 
and three days after lensectomy. In all six cases, there were fewer 
identified proteins three days after lensectomy when compared to 
prior to lensectomy. The proteins present in surgically naïve eyes 
included collagens, insulin-like growth factor binding proteins, 
transforming growth factor beta, retinol binding protein-3, and 
SPARC-like protein. Proteins observed in aqueous humor three days 
after lensectomy included several members of the serine proteinase 
inhibitor superfamily, complement proteins, inter-alpha-trypsin 
inhibitor, and fibrinogen.
Conclusions: Protein profile changes of the aqueous humor begin 
to provide the foundation for understanding the robust response to 
lensectomy seen in juvenile rabbits and determine the effects of 
pharmacologic interventions. These results suggest a reduction of 
constitutive proteins contributes to the response to lensectomy with 
IOL implantation. In addition, an increase in levels of some proteins 
may influence the degree of ocular inflammation and fibrosis. 
These changes may explain underlying mechanisms contributing to 
inflammation and scarring observed after pediatric cataract surgery.
Commercial Relationships: Jonathon Young; Sierra Jin, None; 
Christine Skumatz, None; Iris S. Kassem, None
Support: K08EY024645, P30EY001931, Children's Research 
Institute of Wisconsin
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Presentation Time: 12:15 PM–12:30 PM
Gene Expression Profiling Reveals Heterogeneity of Nonspecific 
Inflammation Affecting the Lacrimal Gland
James T. Rosenbaum1, 2, Dongseok Choi1, 3, Christina A. Harrington4, 
David J. Wilson1, Hans E. Grossniklaus5, Cailin H. Sibley6, 
John D. Ng1, Roger A. Dailey1, Eric A. Steele1, Stephen R. Planck1, 2. 
1Casey Eye Institute, Oregon Health & Science University, Portland, 
OR; 2Devers Eye Institute, Legacy Health System, Portland, OR; 
3School of Public Health, Oregon Health & Science University, 
Portland, OR; 4Integrated Genomics Laboratory, Oregon Health & 
Science University, Portland, OR; 5Opthalmology, Emory University, 
Atlanta, GA; 6Medicine, Oregon Health & Science University, 
Portland, OR.
Purpose: Although a variety of well characterized diseases such as 
sarcoidosis and granulomatosis with polyangiitis (GPA) affect the 
lacrimal gland, many patients with dacryoadenitis are labelled as 
having nonspecific inflammation (NSI) on the basis of histology and 
systemic disease evaluation. We previously published a common 
list of ~38 genes differentially expressed in blood, lacrimal gland, 
and orbital adipose tissue from patients with sarcoidosis based on 
45 Affymetrix microarray probe sets. We tested the hypothesis that 
lacrimal inflammation could be subdivided on the basis of this core 
group of probe sets.
Methods: We obtained 49 lacrimal gland biopsies from 7 centers. 
The disease diagnoses were 4 thyroid eye disease, 8 sarcoidosis,  
3 GPA, 28 NSI, and 6 healthy controls. We used Affymetrix Human 
U133 Plus 2 microarrays to determine gene expression levels in 
these tissues. After normalization, we applied the mclust clustering 
algorithm that segregated the samples into 4 subsets based on the 

signals from the core probe sets. H&E stained sections of each biopsy 
were evaluated for no, mild, moderate, or marked inflammation, 
granulomas, nodules, or fibrosis by two independent ocular 
pathologists.
Results: The heat map illustrates variation in gene expression profiles 
among the 4 subsets. Most of the sarcoid samples are in subset 1, 
which had the highest granuloma score. Interestingly, the 3 NSI 
samples in subset 1 had no apparent granulomas. 32% of the NSI 
samples could not be distinguished from samples of healthy controls, 
while other examples of NSI tended to group with gene expression 
resembling TED or GPA. The 4 subsets can be further differentiated 
by their fibrosis, inflammation, and nodule scores.
Conclusions: Gene expression profiling discloses clear heterogeneity 
among patients with lacrimal inflammatory disease. Comparison 
of the expression profiles suggests that a subset of patients with 
nonspecific dacryoadenitis might have a limited form of sarcoidosis 
while other patients with NSI cannot be distinguished from healthy 
controls.

Heat map showing relative expression levels in 4 subsets based on 
the core probe sets. Yellow, high expression; blue, low expression;  
S, sarcoid; G, GPA; T, TED; N, NSI; C, control
Commercial Relationships: James T. Rosenbaum, Gilead (C), 
Mitotech (C), Santen (C), Cavtherx (C), UpToDate (I), Abbvie 
(C), Portage (C), Eyevensys (C), Regeneron (C), Alcon Research 
Institute (F); Dongseok Choi, None; Christina A. Harrington, 
None; David J. Wilson, None; Hans E. Grossniklaus, None; 
Cailin H. Sibley, None; John D. Ng, None; Roger A. Dailey, None; 
Eric A. Steele, None; Stephen R. Planck, None
Support: NIH Grants EY020249, EY010572 & RR024140; Research 
To Prevent Blindness award to the CEI
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Diagnosing corneal infections in formalin fixed specimens using 
next generation sequencing
Charles Eberhart1, Zhigang Li2, 1, Florian P Breitwieser3, 
Jennifer Lu3, 4, Albert S. Jun5, Steven L. Salzberg3, 4. 1Pathology 
and Ophthalmology, Wilmer Eye Institute, Timonium, MD; 
2Ophthalmology, First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, China; 3Center for Computational Biology, McKusick-
Nathans Institute of Genetic Medicine, Johns Hopkins University, 
Baltimore, MD; 4Biomedical Engineering, Johns Hopkins, Baltimore, 
MD; 5Wilmer Eye Institute, Baltimore, MD.
Purpose: Identification of some infectious agents in the cornea can 
be difficult and time consuming. The dramatically increased speed 
and reduced cost of next generation sequencing, coupled with new 
bioinformatics techniques, has made it possible to directly identify 
and classify non-human DNA and RNA sequences in complex 
specimens, including formalin fixed tissues. This study tests the 
ability of next-generation sequencing, combined with computational 
analysis, to identify a broad range of organisms causing infectious 
keratitis.
Methods: In this retrospective case study, DNA extracted from 16 
cases of infectious keratitis, as well as 4 control corneas with no 
known infection, was sequenced to detect pathogenic and non-
pathogenic microbes. All specimens were formalin fixed, routinely 
processed and paraffin embedded tissues which had undergone 
standard microscopic analysis in the ophthalmic pathology laboratory. 
Infectious cases were also analyzed in the microbiology laboratory 
using culture, polymerase chain reaction and direct staining to 
establish a diagnosis. Classified sequence reads were analyzed with 
two different metagenomics classification engines, Kraken and 
Centrifuge, and visualized using the Pavian software tool.
Results: Sequencing of the 20 corneal DNA specimens generated 
20 million to 45 million reads per sample. The two computational 
strategies lead to the successful identification of the fungal, bacterial 
and amoebal pathogens corresponding to those diagnosed clinically 
in most patients, including all 4 bacterial and mycobacterial cases, 
4 of 6 fungal cases, 3 of 3 Acanthamoeba cases, and 1 of 3 herpetic 
keratitis cases. In several cases, sequences from additional potential 
pathogens were also identified. The initial DNA sequencing and 
bioinformatics analysis took approximately three days.
Conclusions: Next generation sequencing combined with 
computational analysis can be used as a single test to identify a 
wide range of pathogens in formalin fixed corneal specimens. This 
technology has potential applications in clinical diagnostics, and in 
facilitating understanding of how commensal organisms on the ocular 
surface react to and modulate infections and other diseases.
Commercial Relationships: Charles Eberhart, None; Zhigang Li, 
None; Florian P Breitwieser, None; Jennifer Lu, None; 
Albert S. Jun, None; Steven L. Salzberg, None
Support: Research to Prevent Blindness
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Bacteria-driven evolution of human adenoviruses
James Chodosh1, Jeong Yoon Lee1, Ji Sun Lee1, Emma Materne1, 
Rahul Rajala1, Ashrafali Ismail1, Donald Seto2, David Dyer3, 
Jaya Rajaiya1. 1Ophthalmology, Mass Eye & Ear Infirmary/HMS, 
Boston, MA; 2George Mason University, Manassas, VA; 3University 
of Oklahoma Health Sciences Center, Oklahoma City, OK.
Purpose: Human adenovirus species D (HAdV-D) is rapidly 
evolving, including those viruses that cause epidemic 
keratoconjunctivitis (EKC), an important eye infection. It has been 
previously established that HAdV-D persistently infect the human 
gastrointestinal tract, where bacterial and bacteriophage flora are 
abundant. We sought to determine whether bacterial/bacteriophage 
homologous recombination machinery can play a role in the ontogeny 
of new HAdV-D.
Methods: The viral genomes of 38 HAdV-D were analyzed in silico 
for the presence of crossover hotspot instigator (Chi) sequence 
motifs. Paired constructs containing the recombination hotspot for 
the HAdV-D penton base hypervariable loop 2 (RGD loop) were 
generated with the gene for green fluorescent protein in one construct 
and a CMV promoter in the other, such that fluorescence could occur 
only upon recombination. These constructs and HAdV-D  
co-infections were used to determine a potential role for bacterial Rec 
proteins in viral recombination. ssDNA secondary structures were 
predicted with mFold. ChIP analysis was performed to determine 
specificity of binding of bacterial enzymes to viral genomes. 
Confocal microscopy was applied to determine the potential  
co-localization of EdU-labeled viral DNA with Rec proteins.
Results: Sequence motifs similar to bacterial Chi sequences, referred 
to here as ChiAD, were identified just 5’ to the coding region for 
penton base hypervariable loop 2. In constructs, ChiAD sequence 
and secondary structure both impacted recombination. Co-infection 
with two HAdV-Ds in the presence of E. coli proteins increased 
recombination between viruses, not seen with a RecA mutant strain, 
DH5α, or upon RecA depletion by immunomagnetic beads. By ChIP 
analysis, RecA bound specifically to ChiAD sequence relative to 
other regions of the adenovirus genome. Finally, in HAdV-D infected 
cells, Rec proteins entered cell nuclei and colocalized with viral 
DNA.
Conclusions: HAdV-D appropriation of bacterial recombination 
machinery facilitates viral evolution, a unique example of bacterial 
commensalism. Our findings may explain the recent emergence of 
new EKC viruses.
Commercial Relationships: James Chodosh, None; Jeong 
Yoon Lee, None; Ji Sun Lee, None; Emma Materne, None; 
Rahul Rajala, None; Ashrafali Ismail, None; Donald Seto, None; 
David Dyer, None; Jaya Rajaiya, None
Support: NIH grants EY013124, EY021558, and EY014104, a 
Senior Scientific Investigator Award grant (to JC) from Research to 
Prevent Blindness, Inc., New York, NY, The Falk Foundation, and the 
Massachusetts Lions Eye Research Fund


