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LANL: A National Security Science Laboratory
Serving the National Interest

« Anticipation, innovation, and delivery of solutions
 Discovery to Applied Science to Prototypes

* Leveraging outstanding science, technology & engineering
expertise for national needs
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LANL Biosurveillance Capabilities
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Guiding Principles & Core Functionalities

Providing essential information
* Leverage existing capabilities
« Add values for all participants
« ldentify & integrate essential information

 Alert, inform, forecast and advise

« Essential questions & critical answers
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Global Biosurveillance — The Challenge

Very large, diverse data sets — and growing!

Multidrug-resistant tuberculosis

Vancomycin-resistant Cryptosporidiosis
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Distributed data and
tools

Rapidly evolving
technology

User needs

Intelligent data
reduction and analysis

A core interagency capability is required
- To provide access to existing information and analysis tools
- To generate actionable inference and recommendations

» Los Alamos
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Workbench Enables Biosurvelllance

Reference Information Epidemiology Modeling

Disease Reporting Genome Analysis

Meta/Genomic Sequence HT Lab Network

Data/Info

Models/Tools

Laboratory Report Rapid Diagnostics

Syndromic Surveillance Strain Characterization

Social Media &
Other Open Source

Social Media & Behavior
Analysis

A core interagency capability:

- User friendly for different analytic requirements

- Adaptable to tailored interagency needs

cLosAlal | gcajaple and flexible to address increasing data volume and type
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The Integration Challenge: An example

Sample collection

Datal/Info

f

Models/Tools

Computing

Rapid Primary Analysis

Archives :
Secondary Analysis : :
(e.g. PCR-based strain detection)
* Los Alamos (e.g. HT Lab)
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Workbench Workflow Considerations

System
Requirements

« Software and algorithms — present and visualize data & tools
» Analytical service -- web interface and computing

* Information generation — presentation, uncertainty

« Automation -- data retrieval, storage, management, analytics

» Information assessment — level of interest, alert, additional needs
» Decision point — “report or not report”
* Reporting — content, additional information

Analyst ** :
* Presentation — user needs
Workflow
« Alerting signals — presentation, dissemination
« Multi source data — retrieval, analysis, integration
Aslieaon » Mitigation strategy — organism, social content, epidemic forecast
S Th— « "24 hour requirements for Detection-Investigation-Response
» Los Alarios
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Reference Information

« Available Genetic Data
« Genome references
« Metagenome datasets
« Pathogen signatures
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— Chain et.al, Science 2009

0 . &
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

 Host-Pathogen Models
« Disease models
« Virulence genes/pathways
« Person-person spread

* Historic data
« Environmental background
« Climate
« Epidemiological data

MacMahon et al

et * SN e
i ¥ 4 s
b LOS AlamOS Manore et al, Veterinary Research. 2011
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Active Data Integration

Disease Validated Genomic Social
Report Case Studies Data Content
ldentification &

Characterization

Observation
Of Disease

Analytical
Classification

\\ AN NN
Reference o
Information ( / / / Impact Prediction

Mitigation Strategy

Evaluation
Environment Epi Data Uncertainty
& climate Simulatio Reduction Analysis
n
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Active Data Integration

Genomic
Data
Identification &

Characterization

Observation
Of Disease

Analytical
Classification

\\ AN NN
Reference o
Information ( / / / Impact Prediction

Mitigation Strategy
Evaluation
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Rapid Sample-to-ID for Outbreak Scenarios

MixedBamplednput? F. tularensis

SpikedZamplel]
30ng-2ugNAR

>
. o i
Rapid detection within 24hrs
- Positive strain discrimination at very | =
low abundance (0.3%) i + ———
Improvements including speed, have e S
-~ been made to library preparation and -
. | ! |
analysis
JLo.. 2naly: :
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Novel Algorithms for Sequence Data Analysis

Hee Herbaspirillum seropediacae
Herbaspirillum @ @

—— Collimonas ..
e
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] Oxalobacter Nicolas Hengartner

Polynucleobacter Judith Cohn
Benjamin McMahon

[3] Cupriavidus @®®() 0D
Burkhglderi Burkholderi:mc—l::
[3] Ralstonia @ @
L—————4[18] Burkholderia @ ®

O Qe
—'4[16] Comamonadaceae

« Finds protein-coding regions of DNA

4[8] Alcaligenaceae « Works for DNA sequences as short as

30 bases
Beta pfoteobactgria

Limnobacter 7
« Typically 250,000 times faster than <
Lautropia existing methods

: « Scales easily to handle ever-growing.
)
| Burkholderiales @ ¢ bodies of data and specific user needs

Sutterella

4 [16] Neisseriales

| Dechloromonas

Accumulibacter

Rhodocyclaceae _liThauera

Azoarcus ©©

S - Short DNA sequences (2 30 bp)
o P - 250,000x faster
L, oo o - Easily scale up
P E——— ... -+ 2011 R&D 100 Award
.LT. SP NR NT 403
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Active Data Integration

Validated
Case Studies
Identification &

Characterization

Observation Analytical
Of Disease AN AN AN A\ Classification

Reference P
;7 ;7 ;7 Impact Prediction
Information P

Mitigation Strategy

Evaluation
Epi
Simulatio
n
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Epidemiology — Outbreak Identification

Geography

« Nigerian avian
influenza outbreak
in 2006

Chicken/Egypt
2006 - :
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- 8.06/ SO300-50452-

—.‘ 2 ' 50493-50494
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2005-2006

) Chicken/northern Nigeria
Time Course e
Of Epidemic B e

2006

 Positive cases:
248

« Biogeography _
points to multiple
introductions

Infected Farms

Sequence Data

B S,
0 2 4 6 8 10 12 14 16 18 20

» Los Alamos Weeks since first reported case Jeanne Fair et al
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Role of Case-Studies in Epidemiology

Jeanne Fair
|dentified validated
Biological Case Studies
Reservoirs Operational
Observation Experience
of disease
Epidemiological Surveillance
_ Modeling Strategies
Operational
Objectives Sequence
Estimate Estimate Analysis
Prevalence of Contact
Susceptibles Matrix

Cattle populations Land use Human populations Rainfall
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Disease Progression and Mitigation Characteristics

optimal mitigation on day 1. no contagion optimal mitigation on day 6. no contagion optimal mitigation on day 10, no contagion
1 1 1
® K @
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- Host, pathogen, and dose-dependence of disease severity
- Mitigative efficacies and effectiveness
- Distribution of incubation times and duration of prodromal phase
Los Alamos

NATIONAL LABORATORY
EST.1943

Operated by Los Alamos National Security, LLC for NNSA




Active Data Integration

Social
Content
Identification &

Characterization

Observation
Of Disease

Analytical
Classification

\\ AN NN
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Information ( / / / Impact Prediction

Mitigation Strategy

Evaluation
Data
Reduction
» Los Alamos
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Data Reduction

+ Los Alamos

NATIONAL LABORATORY

Alina Deshpande

?

| Large Dairy (3000 Animals)
M Uninfected

Infected, no signs
Infected, non-specific signs
B Infected, diagnostic signs

2500 =

?

1500 —

:

Animals showing clinical signs of FMD
;
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)|

5 10 15
Days post initial infection

20

Ranking potentially useful data streams

Evaluation of existing algorithms and frameworks

for integrating data streams

Alina Deshpande et al
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Agent-Based Models, Social Media Data Integration

Pandemic influenza attack rate

by census tract. Hot-spots are

strongly correlated with
household size.

» Los Alamos Sara Del Valle et al
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Workforce absenteeism by
industry classification H5N1
pandemic simulation
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Information Technology Strategy

 Basic IT Architecture:
« Data retrieval, cache/storage

« Format/process

s RESUlt presentatlon GrephlcalUserlntenaoe Q
* Flexible computer/programming

Knowledge D\scovery

Q
R

* Tool Integration: 4 , S
. . . (Data Parsers D
« Service Oriented Architecture — i@ — g
« Existing/developing software Data A Rov D D8
- Integrating programming languages W { 9
- D |
ecouple 9
« User Friendly Interface: —

* No client-side install and maintenance
« Available on any platform
« Server-side updates, transparent to user

Intense computation performed server-side, little computational
. L05A|a OS resources required on client-side

NATIONAL LABORATORY
5T.1943
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Leverage Explorative Development

’ LosAIamos ‘ Logged in as: heui L
H . .

Rapid organism identification

Key microbial virulence factors

Phylogenetic placement highlighting anomalies
Phylogenetic - geographic location correlation
Disease progression and epidemic spread potential
Microblogging info indication

Biothreat pathogen and infectious disease knowledge

Eacillng cerens NVH0S97-99 (1 :\gge.:nbt,vr

EST.1943
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Integrated BSV by Innovation & Delivery

genome

sy i
chromosomes
B e

Genes contain
instructions
for making
proteins

Proteins act alone

or in complexes to
perform many cellular
functions

From Genes to Proteins

Lo& Alamos delivery and mission impac
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A Highly Accomplished Multidisciplinary Team

LANL Team:

Systems & Programming: Craig Blackhart,
Bob Funkhouser, Chen He,

Disease mechanisms: Jennifer Harris,
Metagenomics: Ben MacMahon, Patrick
Chain, Nick Hengartner

Bioinformatics: Carla Kuiken, Chris Stubben,
Jian Song, Jason Gans

Genomics: Chris Detter

Epidemiology modeling: Ben MacMahon,
Jeanne Fair, Brent Denial

Uncertainty analysis: Mac Hyman

Social content: Sara Del Valle

Data reduction: Alina Deshpande

Students: Amanda Minnich, Catherine Chen

Program & Strategy: Tom Terwilliger, Gary
Resnick, Cathy Cleland, Harshini Mukundan,
Jurgen Schmidt, Nan Sauer, Tony Redondo.
Frank Alexander, Randy Erickson

» Los Alamos

NATIONAL LABORATORY

EST.1943

Sponsors:
Department of State
LANL LDRD
DTRA

LANL Support:
Center for Biosecurity
Center for Information Science
High Performance Computing

Current & Future Collaborators:
Paul Keim
Rutgers University
PNNL, ORNL
Gary Simpson
Many other friends

Interagency Adaptation/Development

Discussion:
DOD (DTRA, JPEO), DHS, IC

Operated by Los Alamos National Security, LLC for NNSA



Sequence Comparison for Identification

BioPASS

BlastOrg - Identify Organism(s)

Purpose - This web tool accepts nucleotide sequences in FASTA format and identifies the source of the

Contact genetic sequences by organism (or substance). For more information, see the help file.
About Input - Paste your FASTA format nucleotide sequence here

( Choose File ) no file selected

0A20QCaAtAAIIGLACIAcIcalgglaglaacalccaatgeagatcgaa
tctgeactgggataacatcttcaaactcacctcatgtggtcaaaacaget
AC1Caaggg9agatcaatglgactggrgtgataccactgacaacaacace
aacaaaatcrrattirgcaaatctcaaaggaacaaggaccagagggaaac
taagtgctaacaggtcaggtgtgeatcaatcaagataacatgaagatgctcgaccctage
cagatagaggaaccagaagaggcaccaaggatgaacatcggtgatccacctgaacaaggt
tatgcccggactgictcaacigtacagatctggatgtggecttgggcagg
ccaatgtgtgtggggaccacacctictgctaaageticagtactecacga
agtcagacctgttacatccgggtgctttcctataatgcacgacagaacaa
aaarcaggcaactacccaatctictcagaggatatgaaaatatcaggtta
1CAACCCAAAACGIALCGAGCAGAAAAAGCACCAGYGAGGACLCIACAG
acttggaacctcaggatcttgecctaacgctaccagtaaaatcggatert
1CgCaacaatggeItgggctglcccaaaggacaactacaaaaatgcaacy
aacccactaacagtagaagtaccatacatttgtacagaaggggaagacca v
aattactgtttgggggticcaticagataacaaaacccaaatgaagaacc ‘

( submit ) .’7 ;eset”\
Sample FASTA file mple Resul

| S— ]

el

» Los Alamos
NATIONAL LABORATORY
EST.1943
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Similarity Returns, Virulence Factor Hits

About

Category Lysinibacillus | Bacillus cereus | Bacillus antl
sphaericus ATCC 10987 Sterne

% Bacterial hits 84 95 97

% Firmicutes 66 90 94

% Bacilli (class) 54 86 92

% Bacillales (order) 50 85 92

% Bacillus (genus) 26 82 91

% B. cereus (™5 species) 6 76 83

% Bacillus anthracis 2 36 61

# hits Lethal factor 20 25 0

# hits Protective antigen 13 24 0

# hits Edema factor 11 22 0

# hits Cap A, B, C 28 28 0

# hits Drug resistance transporters 36 142 139

# hits Penicillin-binding protein 19 144 136

H Tatal Tawvwian Vienilameas factar Al bite 220 N2c Necc

» Los Alamos
NATIONAL LABORATORY
EST.1943
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Phylogeny Analysis of the New Organism

BioPAS

Logged in as: hcui Logou

Tools Bacterial Results
News
Show BLAST Results | [Links to BLAST score summary table]
Contact
About

Bactenia (193 assemblies)
Bacterosdetes (1
Flavobactena (1 a
Flavobacteriales (1 :
Flavobactenaceae (1 a
Croceibacter (1 ass 1)
Croceibacter atlanticus HTCC2559 (1 assembly)
Frmicutes (42 assemblies)
EBacillales (24 assemblies)
Bacillaceae (18 assemblies)
Bacillus (13 assemblies)
Bacillug cereus group (18 assemblies)
Bacillus anthracis Tsiankovskii-I (1 assembly)
Bacillus anthracis str. "Ames Ancestor’ (1 assembly)
Bacillus anthracis str. ALO5SS (1 assembly)
Eacillus anthracis str. Australia 94 (1 assembly)
Bacillus anthracis stv. CNEVA-2066 (1 assembly)
Eacillus anthracis str. Exnger B (1 assembly)
Bacillus anthracis st Vellun (1 assembly)
i Bacillus anthracis ste. Western North America USAG153 (1 assembly)
Bacillus cerens 03BBL0S (1 assembly)
Bacillus cerens AHLI34 (1 assembly)
Bacillus cerens AHIST (1 assembly)
# Eacillus cerens AHS20 (1 assembly)
Bacillus cerens B4264 (1 assembly)
Bacillus cerens G9241 (1 assembly)
Bacillus cerens G9842 (1 assembly)
Bacillus cerens H3081.97 (1 assembly)
Eacillns cerens NVHOS97-99 (1 assembly)
@ Bacillus cereus W (1 assembly)
Listeniaceae (3 assembhes)
Listeria (3 assemblies)
Staphylococens (3 assemblies)
Clostridia (14 assembhes)
Lactobacdlales (4 assemblies)
Sweptococcaceas (4 assemblies)
Smeptococens (4 assemblies)

Proteobacteria (116 assemblies)
» Los Alamos
NATIONAL LABORATORY
EST.1943
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Infectious Disease Progression

BioPASS

Blological Warning and Incident Characterization
Web-based respanse infermation tool

Anthrax disease characteristics

bncion of
[

optimal mitigation on day 1. no contagion

4

-

< incubati
“— O incubating
2
g ; 0.5 non-specific ~
8%
:*g severe

-

o yd : red  dead
B /
S-S os} / -
ﬁé I;'J
@ @ f
== /

c f

.-";I
0 M " " "
0 5 10 15 20
time (days)
1 = 1 S5 3 43 5 3 o § 7§ & § 9 Jneved

Click for new patient mitigation time (days)

14 /

» Los Alamos
NATIONAL LABORATORY

EST.1943

fraction of
initially infected

fraction of
initially infected

Disease models available:
- Enhanced pathogen prediction
- Operational/mitigation planning

optimal mitigation on day 6. no contagion

__./ _\N_)cubaiing

0s b non-specific 1
| severe
’.;'II
9 - T T Y Y
r zred dead
05k [ - -
/’/.
S
S/
0 1 " " "
0 5 10 15 20
time (days)
2 1 S 3 43 o 3 o3 3 o 1 9O Jneved

Click for new patient mitigation time (days)

fraction of
initially infected

fraction of
initially infected

optimal mitigation on day 10, no contagion

__!/—.\r{]cubaiing
0.5
L]
0.5
0
5 10 15 20
time (days)
| | S 4 4 3 S 1 o 3 o 3 o 1 9 inever

Click for new patient mitigation time (days)
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Twitter Disease Tracking

| = Worldwide tweets

| = Example plotted by
‘ location

- Word variants included
in the search

|« Zoom in for finer
location resolution

- Predefined searches
are available, and users
can type in their own
keywords

- Developing repository
to follow trends and
track spikes

.

» Los Alamos
NATIONAL LABORATORY
EST.1943
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Phylogeny and Geo-location Correlation

s

02%

WNA TEA Vollum Ames 8]

% 5%
Figure 2 | Phylogeography of Bacillus anthracis. a | The population structure of Bacillus enthracis revolves around
three major groups(A, Band C), b| The group A bacteria are found in all parts of the world and are very common, whereas
the B1,B2 and C group bacteria are rarer and mostly restricted to subcontinental locations. Highly successful clonal
lineages exist even within group A. TEA, trans-Eurasian; WNA western North American.  Keim and Wagner (2009)
s Los Alamos
NATIONAL LABORATORY
Operated b)} Los Alamos National Security, LLC for NNSA UNCLASSIFIED %-""DV-@&



Infectious D

*Los Alamos

Isease Knowledgebase

Transmission

Information

BioPAS

Logged in as: hcui L
BioPASS|

Logged in as: heul  Losou

8. anthvacis spores can live in the soil for many vears (668)

[Animal-to-Human

|virtually &l warm-blooded species sus:
iuffalo, cattle, sheep, goats, horses and swine, wildlife. occasionally dogs (899)

ibie, although herbivores are most commonly infected; bison.

f naturally occurr
lexposures among humans are possil

trointestinl

fivestock, cut rarely (in 8
but inhalation anthvax has not beeo reporiad (665)

U

lhumans_can be infected upon contact]

ontact with soi; ingestion (under-cs

[Human-to-Human

el 1 ulaneous tral

lantheax does not spread from person

is oxt
|discharges from cutaneous lesions ar|

Vectors

ail mammals are susceptible, athougy
lgoats, horses and swine. wildife, oc

lanthvax-infected carcasses (699)

ing fly can transmit 8. anthvacis af

8. anthacis spores can survive for

lspores survive for >40 years in soil (

lanimal products includi

fomites.

ldogs and other camivores from scav

ihair etc from infected animals importey

[Animal-to-Animal

{greatest risk to humans exposed to a1
0 (primary.

[Routes of Infection

- 28 agents/diseases

- Main features presented
- PDF reference linked

- Going for semantic representation

4
» Los Alamos
NATIONAL LABORATORY
EST.1943
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