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• Block access to dangerous agents
• Detect trafficking
• Detect outbreak
• Trace to source

How might we deal with 
bioterrorist threats?



With only a few exceptions, 
candidate bioterrorism agents

look like standard infectious disease
agents



How did we deal with a serious
infectious threat?

• Organization
• Technologies
• Communications



Singapore Battle Plan: SARS CoV

April 2, 2003

Identify the agent

Sequence the 
genome

Primers for PCR 
diagnostics Recombinant 

proteins

Grow the virus 
in culture

Cell based 
assays

Serologic 
tests

Drug 
screening



Taq I library (2000 reads) Csp6I library (2000 reads)

Two library overlap

SARS-Cov genome coverage by shotgun libraries

Viral Genome Discovery



Lancet. May 24;361(9371):1779-85, 2003.

There is no distinction between good research 
and essential public health measures



There are 129 places in the SARS genome 
different amongst the 14 SARS isolates.

Want diagnostics that will work on all isolates.
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Direct the diagnostics here





CUHK-W1

URBANI

TOR2

HKU39849

SIN2679

SIN2500
SIN2774
SIN2677
SIN2748

GZ01

BJ02

BJ01
BJ04

BJ03

C:G:C:C
genotype

T:T:T:T
genotype

T/A Genotype

C/G Genotype

There are 2 major
strains in the 
world wide epidemic
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Assignment of SARS CoV strains assists in contact 

mapping and contagion monitoring

Need: to develop a fast and inexpensive 

genotyping approach



385,000 probes to sequence the 
SARS genome

1 tech can process 
50 samples in 5 days

$500 per sample
vs

5 techs at 10 samples
in 5 days



..TTTGGGAAGAGAAGTCCCCCAACCGACATTCGGACAACCCTGTAGGCCGCATGGTCACCC..

TTTGGGAAGAGAAGTCCCCCAACCGACAT

TTTGGGAAGAGAAGACCCCCAACCGACAT

TTTGGGAAGAGAAGCCCCCCAACCGACAT

TTTGGGAAGAGAAGGCCCCCAACCGACAT

PM

MM

..AAACCCTTCTCTTCAGGGGGTTGGCTGTA..

..AAACCCTTCTCTTC
A
GGGGGTTGGCTGTA..

..AAACCCTTCTCTTC
A
GGGGGTTGGCTGTA..

..AAACCCTTCTCTTC
A
GGGGGTTGGCTGTA..

Sequencing by Hybridization



Lab-acquired SARS case

• A 27 year old graduate student tested positive 
for SARS in September 2003

• No known contacts with SARS patients or travel 
to active SARS areas

• Student worked on West Nile Virus in BSL3 lab 
that works with SARS-CoV

• GIS sequenced the virus directly from patient 
sample using array-based method



Contact tracing of a field sample



Towards a Treatment for SARS:

• Identify effective drugs

Vero cell assay
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IC50=0.8 iu/ml
IC95=200 iu/ml

IC50=0.2 iu/ml
IC95=8 iu/ml

IC50=2 iu/ml
IC95=44 iu/ml

a b c

Interferons inhibit SARS 
in plaque assay

SARS-infected Vero cells

Interferon-treated Untreated



Yes**10,000 µg/mlICN PharmaRibavirin

No8000 µMAstrazenecaFoscarnet (Foscavir®)

No50,000 µg/mlRocheCymevene (Ganciclovir)

No1000 µg/mlNovartisAmantadine (Symmetrel®)

No1000 µg/mlFauldingAcyclovir 

Nucleoside analogs

Yes100,000 iu/mlSchering AGInterferon β1b 
(Betaferon®)

No500,000 iu/mlSeronoInterferon β1a (Rebif®)

Yes10,000 iu/mlHemispheryxInterferon αn3 
(Alferon®)

Yes500,000 iu/mlGlaxosmithklineInterferon αn1 
(Wellferon®)

No500,000 iu/mlSchering PloughInterferon α2b (Intron A®)

No100,000 iu/mlRocheInterferon α2a (Roferon®)

Interferons

Inhibition of 
cytopathic
effect

Highest 
concentration tested

SourceAntiviral



Applying this model to Dengue

MOH (TTSH), NEA, GIS, STN, DSO, Novartis

• Capture cases (MOH – Tan Tock Seng Hospital)
• Prepare patient samples (STN)
• Grow and characterize the virus (DSO, NEA) 
• Sequence virus and expression analysis (GIS)
• Find a treatment (Novartis) 



• Block access to dangerous agents

• Monitor comprehensively
• Detect trafficking
• Detect outbreak
• Use advanced technologies
• Trace to source
• Integrated and coordinated 

information dissemination



“Sanger” DNA sequencing

The Fundamental Technology



MMultiplex ultiplex SSequencing: Mix and Match Technologyequencing: Mix and Match Technology

PET
concatemers

Add 454 adapters

PCR’d DNA



Sequencing Technologies: Current and Immediate Future
Sequencing a bacterial genome (2 Mb)

3 days3 days8 hrTime cost per run

2-3B1-1.6B100MTotal throughput (bp)

100M40M400KMultiplexity (reads)

25-5030-40250Read length (bp)

(Projected) 
ABI SOLiDSolexa 1GRoche FLX

0.00010.0010.01
Reagent cost per base

in pennies

8 hr

10M

400K

750

“Sanger”
ABI 3730

0.1

$ 5$ 11$200Cost sequencing H. 
influenza genome (2 Mb)

$2,000

6 minutes
for 10

12 minutes
for 10

0.2 hoursTime per bacterial
Genome per machine

1.5 hours



We can now sequence all possible
samples of microbes in regional 

laboratories and 
develop a forensic database

of infectious agents 



Discovering microbes in the environment



Viral Genome Discovery

Metagenomic Analyses of an Uncultured Viral Population from 
Human Feces (a GIS-SDSU collaboration)

500g fresh fecal matter 
from a 33 yr healthy male

Purify & concentrate virions

A pilot project

DNA viral library RNA viral library

500 clones seq 500 clones seq



Viral Genome Discovery

100 µm filter

100 kD filter

virus

Bacterial and big particles

Free nucleotides

Density gradient

Isolating viruses from original virus-containing samples



Sequence Assembly

TaqI Csp6I

Viral RNA

Double stranded DNA

Random priming cDNA synthesis

Digestion

Viral genome

Adaptor ligation

PCR amplification

Cloning & Sequencing

Sequence Assembly

TaqI Csp6I

Viral RNA

Double stranded DNA

Random priming cDNA synthesis

Digestion

Viral genome

Adaptor ligation

PCR amplification

Cloning & Sequencing

Viral Genome Discovery
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Viral Genome Discovery

Assemble a whole viral genome
from metagenome sequence data

The 300 RNA viral clones
aligned to the pepper mild mottle virus genome



273639078647352504436769total

2481143517800412621library 3

21482693348701710613572library 2

34011016527993410576library 1

animalplant

novel virus-likenon-virus

virus-like

unknown sequenceknown sequence

total 
clone

library ID

273639078647352504436769total

2481143517800412621library 3

21482693348701710613572library 2

34011016527993410576library 1

animalplant

novel virus-likenon-virus

virus-like

unknown sequenceknown sequence

total 
clone

library ID

390 2736

unknown sequences

Viral Genome Discovery



How do we then monitor microbes in the

environment ?

• Detect and identify all animal-infecting 
viruses.

• Detect and identify selected bacteria 
(respiratory disease focus).

• Discover novel viruses

• Detect presence of co-infections of 
multiple pathogens

• Sensitive, accurate diagnosis based on in 

silico predictions of hybridization footprint



Nimblegen Technology

• ~380,000 probes

• Maskless photolithography



The Pilot Chip

• 10,722 oligos covering 850 viruses

• 204 oligos targeting human control 
genes (immune response)

• 7-fold replication of all probes



SIN850 SARS cDNA

PCR-amplified 

using SARS-

specific primers.  

Only the 40 

SARS probes 

light up.



RSV + mycoplasma cDNA 
(from ATCC)

PCR-amplified 

using random 

primers.  

Analysis of 

signal intensities 

identify presence 

of RSV with 

100% 

confidence.
33%

Beak & Feather 
disease

53%
Papillomavirus
type 18

100%RSV

ConfidenceVirus



• Block access to dangerous agents

• Monitor comprehensively
• Detect trafficking
• Detect outbreak
• Use advanced technologies
• Trace to source
• Integrated and coordinated 

information dissemination
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