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— MORE THAN ONE PATHOGEN PRESENT

— HARD TO CULTURE/DETECT ORGANISMS
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NGS may facilitate identification of new infectious organisms




Ocular Microsporidiosis




ATYPICAL MYCOBACTERIA, M. CHELONAE

Ziehl-Neelsen stain
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CELLULAR AND INFECTION MICROBIOLOGY

The diagnosis of infectious diseases by whole genome

next generation sequencing: a new era Is opening

Mare Lecuit™*3* and Marc Eloit*>¢*

* Whole Genome NGS - sequence ALL of the DNA in a sample
then use bioinformatics to analyze human vs. organisms

* No need to design specific PCR primers

» Potential to identify virus, bacteria, fungi and other pathogens
with a single test

- Limitation - need to recognize non-pathogenic organisms in
sample
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How to differentiate human and non-human DNA sequences?
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ABOUT KRAKEN

Kraken is a system for assigning taxonomic labels to short DNA sequences, usually obtained through metagenomic
studies. Previous attempts by other bioinformatics software to accomplish this task have often used sequence alignment
or machine learning techniques that were quite slow, leading to the development of less sensitive but much faster
abundance estimation programs. Kraken aims to achieve high sensitivity and high speed by utilizing exact alignments
of k-mers and a novel classification algorithm.

In its fastest mode of operation, for a simulated metagenome of 100 bp reads, Kraken processed over 4 million reads
per minute on a single core, over 900 times faster than Megablast and over 11 times faster than the abundance

estimation program MetaPhlAn. Kraken's accuracy is comparable with Megablast, with slightly lower sensitivity and very
high precision.

Kraken is written in C++ and Perl, and is designed for use with the Linux operating system.

REFERENCE

Wood DE, Salzberg SL: Kraken: ultrafast metagenomic sequence classification using exact alignments.
Genome Biology 2014, 15:R46.

Steven L. Salzberg, Ph.D

Professor of Biomedical Engineering,
Computer Science, and Biostatistics
Director, Center for Computational Biology




KRAKEN DATABASE

« Human and mouse genomes

* 4 111 bacterial genomes (representing 1,818 distinct
species)

5,412 viral reference genomes plus 84,272 viral strain
genomes

202 archaeal genomes

* 255 selected genomes of eukaryotic pathogens.

* |n total, the Kraken database was based on 24 billion
base pairs (Gbp) of sequences compiled into a 154
gigabyte (GB) index.




The Kraken program will match non-human DNA sequences
to databases of viral, fungal, bacterial and other organisms

CTOCOOFHFHOZ
F<OFFOO

F<<OOFFFOO0OO0O0O

OCOOOFFFHROJICLC
CO<COOFFO<

F<<ORFFOOO
CO<C<OOFFFO<LC<

F<OOEFFEFOJCL CO<<OOFFFOL

F<<OFF OO F<<TOOKFEFEFOOOO

COOOKF WO CTO<<KOOFFO<<0OO0

o oo
OCLCOO <O - - FL<OFKF

CTOCOOKFHFFO F<<OOEFRFOCLOICICT L
CTOCOOFHFOZ

OILCHFOFFOIH

F<OOEFFEFROCL
F<C<OOEFEF OO

F<<TOOKFFOCLC

COCKOOFHFFFOC

COOLCVOFFILCO | OPOFHFOFEFHOOO
CO<CCOOFHEFHO
CO<CKOFHFFFOCC COCO RO

OCOOF <O
F<OFFOO

CO<CKOOFHFOI
F<OOFRFFOIS<

CO<CCOOFEFFOZL
F<<ORFFOO

OCOOOELEFO < F<TOOFFFOOOOO

CO<CCOOFEFOZL

OCCOOFILO I - F<OFEFE OO

F<OOEFEF OO0
CO<CCOOFHFHO

O<LXHFOFFOL+
F<OOEFFFOO

F<<OO RO
F<OORFFFROIC

CO<COOFHFFROIC<
O<C<OOF<O -



The Kraken program will match non-human DNA sequences
to databases of viral, fungal, bacterial and other organisms
It will not tell us whether the organisms are pathogenic or not
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We examined old paraffin embedded specimens
from 16 cases of infectious keratitis and 4 controls

Bacterial
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Identifying Corneal Infections in Formalin-Fixed

Specimens Using Next Generation Sequencing

Zhigang Li, "~ Florian P. Breitwieser,” Jennifer Lu,”" Albert S. Jun,” Laura Asnaghi,” Steven L.
3.4.0 - 2.5
Salzberg,” " and Charles G. Eberhart

20 to 46 million reads per sample

96% classified as human.

0.3% classified as known vectors or contaminants

1.7% represented microbial sequences

2.4% could not be classified




20 CORNEAL SPECIMENS ANALYZED BY NGS
"‘METAGENOMICS™ AT JOHNS HOPKINS

Histopathological/Culture NGS
Fungal (Fusarium/Candida/Aspergillus) 4/5
Acanthamoeba 3/3
Bacterial (Gram + and Gram -) 212
Mycobacterial 2/2
Microsporidia 111
HSV 1/3

No known infection 0/4
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We have subsequently analyzed 20 more cases with similar results



ISSUES WE ENCOUNTERED

* Infectious organisms not present in database
» Contamination

» Lack of knowledge regarding endogenous microbiome




POTENTIAL CONTAMINATION DURING
PATHOLOGY PROCESSING




POTENTIAL SOURCES OF DNA/RNA
CONTAMINATION

Contamination at the time of specimen collection

Contamination during processing of tissues before DNA/RNA
extraction

Contamination during DNA/RNA extraction

Contamination during multiplexed sequencing




EXAMINATION OF PAIRED FRESH (STERILE) AND
FFPE PROCESSED CONTROL SAMPLES

Pathogen

Staph aureus
Strep agalactiae
Mycobacterium
Mycobacterium abscessus
Fusarium
Candida albicans
Aspergillus
Aspergillus flavus
Anncaliia algerae
Acanthamoeba
H5V1

cl FFPE ¢l Sterile c¢2 FFPE 2 Sterile ¢3 FFPE ¢3 Sterile Positive Cases Avg Reads

9
2

2
2
1
7
0

6
2
90
|
6
0
34
0

27
0
31
1
1
0

0

1
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(Case 1) 1,795,339
(Case 2) 5,782
(Cases 3,4) 10,086
(Cases 3, 4) 7,114
(Case 6) 636
(Case 7) 46,860
(Case 9) 39,752
(Case 9) 7,260
(Case 10) 155,152
(Cases 11,12,13) 12,360

(Cases 14,15,16) 315,935

 While some background contaminating reads are present,
they are far outnumbered by the reads in true positive cases
* Threshold values are needed to account for background




ANOTHER SEARCH PROGRAM WITH SIMILARITIES
TO CENTRIFUGE

Lee et al. BMC Bioinformatics (2016) 17:292

DOI 10.1186/512859-016-1158-6 BMC BIOIHfOFmatICS

.

Scalable metagenomics alignment research ®

tool (SMART): a scalable, rapid, and
complete search heuristic for the
classification of metagenomic sequences
from complex sequence populations

\ \ |# Sl o | ' i ~ 1.2
Aaron Y. Lee |, Cecilia 5. Lee’ and Russell N. Van Gelder




Doan et al. Genome Medicine (2016) 8:90

DOI 10.1186/513073-016-0344-6 Genome MEdIClne
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lluminating uveitis: metagenomic deep @) e

sequencing identifies common and rare
pathogens

Thuy Doan'~", Michael R. Wilson®*", Emily D. Crawford>”, Eric D. Chow?, Lillian M. Khan?, Kristeene A. Knopp?,

Brian D. O'Donovan?, Dongxiang Xia® Jill K. Hacker®, Jay M. Stewart?, John A. Gonzales', Nisha R. Acharya'”
and Joseph L. DeRisi*”




Frequent topical steroids

Glaucoma drops

Oral antivirals

Intravitreal Aqueous RE
foscarnet LE  Vitreous LE:

Rx HSV,VZV,CMV
Uveitis RE MMR Vaccine Discontinued l PCR negative
1 I 1 [l 1 l l 1 I ] 1 1 | 1 1 l 1 1 1 l
1993 1999 2001 2006 2009 2012 2014 2016
Body rash Uveitis LE Prednisone Aqueous LE:
& fever & MTX HSV, VZV, CMV
PCR negative
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Development and Optimization of Metagenomic Next-

Generation Sequencing Methods for Cerebrospinal Fluid
Diagnostics

Patricia J. Simner,® Heather B. Miller,® Florian P. Breitwieser,® Gabriel Pinilla Monsalve,c Carlos A. Pardo,2<
Steven L. Salzberg,P-® Cynthia L. Sears,® David L. Thomas,? Charles G. Eberhart,® Karen C. Carroll®

MagMax 5X :
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DIFFERENT PROCESSING, EXTRACTION,
AMPLIFICATION, AND SEQUENCING METHODS
CAN AFFECT RESULTS

Examined 10 CSF samples with known standard-of-care testing
(SoC) results

Each sample was subjected to nine different methods by varying the

sample processing protocols
Supernatant, pellet, neat CSF
Sample pretreatment (with or without bead beating)

DNA sequencing with or without whole-genome amplification

No single method was optimal for all organisms




CONCLUSIONS

NGS combined with advanced bioinformatics can identify a wide
range of organisms on the ocular surface

Routine formalin fixed samples are suitable for analysis, but
may also contain greater numbers of contaminating sequences

Before this approach can be used as a routine clinical test,
handling procedures and threshold levels will need to be
established.

In addition to diagnostic testing, metagenomics will likely
provide insights into how changes to the host microbiome alter
disease phenotype for a range of infectious and non-infectious
ocular diseases
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