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Human/Swine H1N1 Influenza blog mail (D

Tags [+

| > Edited Aug 26, 2009 6:41 AM by Andrew Rambaut...

Human/Swine A/H1N1 Influenza Origins and Evolution

These pages exist to enable the rapid dissemination of results
resulting from the analysis of genetic data from the ongoing
Influenza A/H1N1 outbreak attributed to swine flu. All data used, © Phylogeography
unless otherwise specified, was made available by GISAID or NCBI September 1, 2009 9:40 AM
and can be obtained directly from these sites. © Molecular Evolution and Adaptation
All analysis should be considered preliminary and results are R0 2000 050 B
conditional on the correct labelling and annotation of genetic Phylogenetic analysis and
sequences. Additionally, results may be influenced by limited and reassortment history

June 12, 2009 12:34 AM
biased sampling of isolates. Given the rapid posting of these data,
we expect corrections to be made.

Sections

Epidemiology and molecular clock
analysis

May 10, 2009 2:29 PM
o News 21-Aug-2009: Public Library of Science has just launched PLoS Currents: mdh

Influenza a moderated website based on Google's Knol system allowing rapid and
open sharing of new results in influenza research.

What's Hot
Front Page S

© H1N1: Origins and evolution of the

Analysis and results: current epidemic
July 8, 2000 7:53 AM

© PB2-627K & PB2-701N in A/Shanghai
/717/2009
June 28, 2009 9:11 AM

april 26: international wiki

113 people, 8 institutes, 4 countries
hitp://tree.bio.ed.ac.uk/groups/influenza




Phylogenetic position of A/California/04/2009 for each genomic segment.

Analysis by Andrew Rambaut 26 Apr 2009
Preliminary Neighbor-Joining trees using the HKY distance metric.

Blue and green shading denote clades of related strains although extensive reassortment and heterogenous sampling means that these
clades contain different sets of strains.

See below for PDF versions of all these trees.
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april 26: origins of the virus calculated




\aEriI 30: origins data Qublishedl

THE ORIGIN OF THE RECENT SWINE INFLUENZA A(HT1N1)
VIRUS INFECTING HUMANS

V Trifonov?, H Khiabanian?, B Greenbaum?, R Rabadan (rabadan@dbmi.columbia.edu)t

1.Department of Biomedical Informatics, Center for Computational Biology and Bioinformatics, Columbia University
College of Physicians and Surgeons, New York, United States

2.The Simons Center for Systems Biology, Institute for Advanced Study, Princeton, United States

5 days from sequence
to open-access paper
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Andrew’s complele genome [2008.73 - 2009.17]
Mike's complete genome [2008.80 - 2008 91]

Of's HA [2008 13 - 2008 96] Eesme &
Oif's NA [2008 21 - 2009.02)] L0 e
Ol’s MP [2007.64 - 2009.01] - | —

Gavin's HA [2008.16 - 2009.02] e B
Gavin's NA [2008.51 - 2009.16] O
Gavin's MP [2007.58 - 2009.14] |
Gavin's NP [2008 23 - 2009.12] —
Gavin's NS[2007.75:2009.08] IR R —
Gavin's PA [2007 56 - 2008 94] [N —
Gavin's PB1 [2008.19 - 2009.15] ——
e . Earfiest reported cases
Shaded region is the overlap between the single gene at the end of March
analyses. It also overlaps with both analyses
conducted on complete, concatenated genomes

[2008 51 - 2008 94] which is June 5, 2008 fo Decem-
ber 9, 2008

T
2008

virus entered human population late 08/early 09



\maz 5: first maior paper submittedl

Pandemic Potential of a Strain of Influenza A (HIN1): Early Findings

. . o ~ e " 1 = . . = L.
Christophe Fraser,'* Christl A. Donnelly."* Simon Cauchemez.! William P. Hanage.' Maria D. Van Kerkhove.' T. Déirdre
Hollingsworth,' Jamie Griffin,' Rebecca F. Baggaley.' Helen E. Jenkins,' Emily J. Lyons,' Thibaut Jombart,' Wes R. Hinsley.'
Nicholas C. Grassly.' Francois Balloux.' Azra C. Ghani.' Neil M. Ferguson':

Andrew Rambaut.” Oliver G. Pybus™;

Hugo Lopez-Gatell,* Celia M Apluche-Aranda,’ Ietza Bojorquez Chapela.* Ethel Palacios Zavala®;
Dulce Ma. Espejo Guevara®;

Francesco Checchi.” Erika Garcia,” Stephane Hugonnet,” Cathy Roth’

The WHO Rapid Pandemic Assessment Collaboration}

'MRC Centre for Outbreak Analysis & Modelling, Department of Infectious Disease Epidemiology. Imperial College London,
Faculty of Medicine, Norfolk Place, London W2 1PG. UK. “Institute of Evolutionary Biology. University of Edinburgh.
Ashworth Laboratories Edinburgh EH9 3JT, UK. *Department of Zoology, University of Oxford, South Parks Road, Oxford
OX1 3PS, UK. *Directorate General of Epidemiology, FCO. De P. Miranda 177 5th Floor, Mexico City, 01480, Mexico.
*National Institute of Epidemiological Diagnosis and Reference, Prolongaciéon Carpio No. 470 (3° piso). Col Santo Tomas,
Meéxico City, C.P. 11340, Mexico. °Secretaria de Salud - Servicios de Salud de Veracruz Soconusco No. 36 Colonia Aguacatal
C.P. 910 Xalapa, Veracruz, México State. "World Health Organization, 20 Av. Appia, 1211 Geneva, Switzerland.

may 11: first maior paper p_ublishedl
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day 0 day 1
VIirus one viral
isolation genom
day
day 0 100+ viral gemnomes
virus where/when it arose
Isolation multiple papers

vaccine seed strain







technological advances

shift in scientists’ attitudes



genomes = easy, cheap,
fast



human genome project (1990)

10 years to draft
3 more to.complete

$3 billion
100s of people



spring 2009

four weeks

$48,000 worth of reagentsf#’.
three-person team !




data = easy, cheap, fast
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Open Access Week - October 19-23, 2009 N

To broaden awareness and understanding of Open Access

OPEN ACCESS WEEK

openaccessweek.org

) PLOS PUBLIC LIBRARY of SCIENCE

( BioMed Central 777 PubMed Central

The Open Access Publisher An archive of biomedical and life sciences journal literature



a _85%) of

scientists
support open
access
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October 3, 1959

believed 1o be the same as his 'Funduszellen’, types
(¢) and (d) being the ‘Mindungszellen”.

The type IV alveoli (Fig. 14 and J7) are found in
adult males only, scattered smongst type 111, They
are composed of a number of similar cells, type (g),
which become filled with purple-staining granules
wfter the tick starts o feod.

A more detailed description of the salivary alveoli
and of the changes which they undergo during the
life-cycle of the tick will be ’mhlinhmi at a later date,

L am indebtod to Mr. M. Ulrich of the Photographic
Department, South African Institute for Medical
Research, for the photomicrographs, —y

No. 4682

T

Dopartment of Ent Loy

South African Institute of Medical R«&an‘h
Johannesburg.

June 22,
. B Acad, Sei. 142 299 (1906).
war, Calif. Pub. Knd., 7, 207 (1043),

M- 1. Paresitel., 8, 217 (1015),
L 28,578 (108),

BACTERIOLOGY

Bacteriophage Typing Applied to Strains of
Erucella Organisms

Sunrace antigens usually limited to one taxo.
nomie group are the main factors determining the
bacteriophage sensitivity of boctrnnl specios’. By
fuch itivity, sp of S lla can be dis-
tinguished? and the dogree of sensitivity is used for
typing strains of 8. typhi 4% and strains of other
bacteria®,

Bruecella phages were discovered only aftor rigorous
search” and they have apparently not yet been des.
cribed in detail. A Brueela phage grown on strain
19 lrucella abortus in & shake flask culture has now
heen found to be active on cultures of Br. aborfus
laboratory strains, but not on Br. melitensis and
fr. swis. This phage was obtained by growing a
single plagque taken from the end point dilution of
& phage susponsion kindly supplied by Dr. A, W,
\mbh-l’onh from W cybndge bngland

phage prod irregular plag of amall
clnnncwr. tho smallest only being recognized as spols
in the bacterial mat on ‘Albimi’ agar. These spots
and the edges of the plagues appear to consist of
extremely rough colonies of the Brucella strain
attacked,

The technique found most practical is as follows:

A 72hr. acrated liquid culture of phage is oleared
hy centrifugation at 3,000 r.p.m. for 75 min. and the
supernatant hoated at 60° C. for 60 min. to destroy
any remaining bacteria.  The phage suspension is
stored at 4° C. and serially dx!med ten-fold before
use. The phage dilutions are spotted on dry *Albimi’
ugur plates by means of & 1 mm. diameter platinum
loop,  After drying the spots are cowru‘ with
u--r-tuqun of young colls taken from surface culture

made up to a density of approximately Brown's
tube 1, in a diluent of distilled water containing
D.1 per cent (w/v) carboxy-methyl-cellulose. The
0.02-ml. dropper J:upette is used for depositing the
suspension over site of the phage spot, After
standing in the dark for 1 hr. the plates are incubated
at 37° C. in inverted pocmon for 24 hr. or longer and
r 'V in an 1 of 10 per cent carbon

NATURE

1079
Tasix 1
DIYYERENTIAL SURCEFTINELI?Y
Titzation of Jirueells Racteriophage
Flage M A ) A ke
diution 1w T 1330 s10 =h, Sem,
'n-
diluted - e
w - R - ++v+ -
10 -— + ++ - 4+ -
10 - + & — S —
e - + - T B
wrs — -
we -

b4 comfllnent Dywle,
* 4+ +, plagen and spots.
-, Ote.

+, less than 5 &

» o phage

dioxide.
Table 1

Here it was found that Hr. melitensis struin 16M
and Br, suis strain 1330 which are World Health
Organization reference strains  were completely
resistant as was also a stook culture of a local Brcella
variant isolated from sheep semen,

The acrobic Br, abortus strain 19, and the carbon
dioxide dependent Br. abortus strain 544 which ix a
World Health Organization reference strain woere
oqually susceptible to the phage.

These results -hnw that phng- typing may have
important ¢ and ibly also epademio-
logical valuo in the field of Brucellosis research.

Acknowledgments are due to Dr, R. A, Alexander,
director of veterinary services, for pormission to
publish this report snd to Mr. P. V., Mulders for
technical assistance.

An example of the results is given in

ARTICLES

Vol 46111 October 2009 dok10.1008/ nature0 8156

Tankyrase inhibition stabilizes axin and
antagonizes Wnt signalling

Shih-Min A. Huang', Yuji M. Mishina', Shanming Liu', Atwood Cheung’, Frank Stegmeier', Gregory A. Michaud',
Olga Charlat', Elizabeth Wiellette', Yue Zhang', Stephanie Wiessner’, Marc Hild', Xiaoying Shi',

Christopher J. Wilson', Craig Mickanin', Vic Myer', Aleem Fazal’, Ronald Tomlinson', Fabrizio Serluca’,

Wenlin Shao', Hong Cheng', Michael Shultz', Christina Rau®, Markus Schirle™t, Judith Schlegl®, Sonja Ghidell®,
Stephen Fawell’, Chris Lu®, Daniel Curtis', Marc W. Kirschner’, Christoph Lengauer'f, Peter M. Finan',

John A. Tallarico', Tewis Bouwmeester't, Jeffery A, Porter', Andreas Bauer't & Feng Cong'

The stability of the Wnt pathway transcription factor fi-cat

Deregulated Wnt pathway activity has been implicated in many
t of targeted wmumlmmmmsmm by the limited
ol inhibition. Here, we used a chemical genetic screento

anticancer th _,' Hi , the develop

smber of p ry P ts that are ble to small

in is tightly regulated by the multi-subunit destruction complex.

king t thway an attracti

target for

identify a small molecule, XAV939, which selectively inhibits ﬂuhnh-modlld transcription, XAV939 stimulates

t of the de tion plex. Using a

[i-catenin degradation by stabilizing axin, the i

limi P

quantitative chemical proteomic approach, we discovered that XAV939 shblus axin by inhibiting the

1 and tank

interact with a highly conserved

poly-ADP-ribosylating enzy ky

2. Both tanky 1

m&.uaﬂ-ws«mmnwmwhmnmum Thus, our study provides new
hanistic insights into the regulation of axin protein homeostasis and presents new avenues for targeted Wnt pathway

I G. C. van DriMMELEN

Faculty of Veterinary Science,
Uni\mizy of Protoria

Induction of Phage Formation in the Lysogenic
Escherichia coli K-12 by Mitomycin C

Mrosvers €, a newly isolated antibiotic, is
receiving special attention because of its anti-neo-
plastic activity as well as its solective inhibitory
action on the synthesis of bacterial deoxyribonueleie
acid! Tt has also been observed that the impaired
deoxyribonucleic acid synthesis of cells of Escherichia
coli B treated with mitomyein € can bo promptly
rostored by infection with the bacteriophage 7'2r2,
These properties suggested that this antibiotic could
induce the development of active phage from the
prophage state in lysogenic bacteria, sinoe m.-, are
similar o ultra violet effects. This communication
concerns the lytic process of Escherichia coli K12
induced by mitomyein € added externally,

Cells growing in salts glucose s\nlhctuc medium
were harvested at the logarithmie pha-u of growth,
resuspended in a similar fresh medium in the presence
of various concentrations of mitomycin €, and in.
cubated at 37" with vig shaking. Sampl wero
taken ot intervals, and turbidity was

therapies.

The evolutionarily conserved Wnt/-caterin signal trarsd uction path-
way controb many biological processes’. A key feature of the Wnt path-
way sﬂnnpiudpm!dmddnwmeﬁdotbom by
the f-catenin dnwcuoa convh Th: pal of the

identified a low molecular mass wmpomd thatcan profong the half-
life of axin and p -catenin degi through inhibiting
tankyrase (I'NB) Our study uncovers a mew mechanism that
! um p-olnn stability and Wet pathway sigralling, and its

B-casenin & polypasis coli (ARC),
axin and gywogen sy'nlhnc lumu- 3/ (GSK3P). In the absence of
Wat pathway activation, cytosolic f-catenin i wnsstutively phos-
phonfated and trgaed for degradation. On Wet ! the
&amdﬂmﬂmamqin&mduqluﬁgmthcmul&hn
of nuckar f-aitenin and transcription of Wnt pathway-responsive
Ene

Inappropei ivati oﬁheWnl,
many cancers ™', Notably, ing)
APC are the most prevaknt genetic akeraons in coloeectal
carcinomas**, The diicient assembly of the multi-protein datruction
mnﬂa-«bm&mmhtdr;mch&dnup:m:wr

hshem‘ d in

halds p for treating Wat-pathway-
dtpmdm( cancers.

XAV939 inhibits Wnt signalling by increasing axin levels

XAV939 was identified as a small molecule inhibitor of the Wnt/B.
catenin pathway from a high-throughput screen using a Wnt-
responsive  Super-To) (STF) luciferase rier asay in
HEK293 cells (z. nmwso strongly mhibined Watda-stimu-
lated STF activity in HEK293 cells, but did not affect CRE, NF-xB
of TGF-P lucifersse reporters (Fig. 1b). In comtrast, LDW643, aclose
structural analogue of XAV939 (Fig 1a), had no effect on the Wata-
-Mmd STF repoeter (F; 1b). XAV939 treatment blocked Watia-
of f-catenin in HEX293 colls (Fg. k),

tuents, Axin has b ported to be the iting factor in
regulating the yolthe f-catenin d . “ndm

apraloao(m induces ﬂ»memdeyﬂnmm«lhauupmg
truncated APCH', Thus, &t &s Ekely that axin protein lovels need to be
tightly regulated 10 ensure proper Wit pathway signaling In fact, Wnt
signalingitsel regulates the kevel of axin atseveral steps, with AXIN2 being
2 major transcrip Sonal tanget of the f-catenin -T- cell factor (TCF) com-

plexand Wt signalliing p thedegradation of axin**' However,

mmmmtwmmmdm
tion. o nulﬂyrcmmd-w
lnlhndyv-und ical-genetic and -p approaches

10 search for novel modulators of the Wnt ugmll-r; pathway, We

indicating that the compound modulates Wet signalling upstream
of f-catenin. Interestingly, XAV9Y also inhibited STF activity in
SWAS0 cells, a colorectal cancer cell line harbouring a truncated
APC (Fig 1d). XAV939 decreased fi-catenin abundance, but signifi-
cantly inc reased fi-catenin phosphorylation (S33/S37/T41)in SW480
cells (Fig le), indicating that XAV939 promotes the phosphoryla-
son-dependent degradation of B-catenin by increasing the activity of
the destrxction co

To explore how XAV939 may increase the anmly of the destruc-
son P igated whether alters
the pnmm lr«hdhmn\\m pathway (oupau-au. Notably, the

r—

"Novart s Insttutes for B
Dt

photometrically at 660myg,  When exposed to 0- 05
pem. of mitomycin €' por ml., growth proceeded at

Resmarch, 2 M husetts (D109, USA. Colzome AG, Mey
of Systems Biology, Hareard Medical School Boston, Masuachesstts (0T84 USA tPreent addresses: Novarts inattutes e Samedc # Ressarch, CH-2007 Banel.

104017 & Germinsy

Switzerand (T, AB) Novartn nsticte bor Bomedic s Resssech, Cambridge, M husetts 02199, USA (M. S ); Sanoli-Aventn, 946403 Vitr paur-Seiom, France (CL)

e

C2000 Macmillan Publishers Limited. All rights reserved
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BC Centre for Disease Control
An agency of the Provincial Health Services Authority

DISEASES &
CONDITIONS
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Divisions

~ About BCCDC
Mission & Vision
» Divisions
Epidemiology Services

Vaccine and Pharmacy
Services

Hepatitis Services

STUHIV Prevention and
Control

Tuberculosis Control
Mathematical Modeling Unit

Public Health and
Emergency Management

Environmental Health
Services

UBC Centre for Disease
Control

Annual Reports
Partners

Global Health
Careers
Accreditation

How Are We Doing?

Contact Us

FOOD & YOUR

You are here: Home > About BCCDC > Divisions

surveillance, detection,
diagnosis, treatment,
& prevention of IDs

The day to day public health work of the BC Centre for Disease Control is done in support
of regional health authorities, the BC Ministry of Health and the Provincial Health Officer.
Scientific and technical support is provided by the following specialized,

yet integrated, operating divisions:

HEALTH

Epidemiology Services

Vaccine and Pharmacy Services
Hepatitis Division

STI/HIV Prevention and Control
Tuberculosis Control

Mathematical Modeling Unit

Public Health Emergency Management
Environmental Health Services

UBC Centre for Disease Control

Formerly BCCDC Laboratory Services, the BCCDC Public Health & Microbiology Reference Laboratory
is a service of PHSA Laboratories.



BCCDC & pH1N1: lab testing

 april/may: surge in lab test volume

Virus Isolates and Percentage of Respiratory Specimens Submitted to
BC Provincial Laboratory Diagnosed Positive for a Virus, per Week
British Columbia, 2008-2009
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Submitted to BC Provincial Laboratory
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BCCDC & pH1N1: research & activities

* “one-stop pandemic shop”
* Sero-epi survey
* vaccine uptake campaign
* mathematical modelling
 informatics infrastructure
e genomics £ CIC

GenomeBrltlShCOlUmbla BC Centre for Disease Control



sequence 400-500 H1N1 genomes,
observe viral evolution in real-time. Cc “4 /.
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“Influenza virus is sloppy, capricious and
promiscuous” — world health organization

intersubtypic >
reassortment

intrasubtypic >
reassortment

B

point mutation >

R R



H1N1 genomics project overview

| e T

Influenza A Influenza A/B
- ) 2
Clinical Testing at BCCDC Rositve negative

---------------------------------------------------------------------- L

Proposed Research
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N
“ Q ‘ soQ 50 50 *

Re-assortants Outbreak Typical SOIV Severe disease

and mutants
Virochip and Luminex (RVP)

111
L1 || eml Lo

Chaperonin-60 sequencing
(U. Sask.)

Drug-resistant

\ Mild disease Severe dlsease Unknown
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1. targeted sequencing: public health outcomes

*SNP-type and
sequence key regions

- |l*monitor changes

*adjust public health
interventions as needed
identify interesting virus

: @[]
e.g. 4 samples with point mutations in M gene
rendered typing assay probe ineffective = new probe.




2. whole-genome sequencing: evolution

Qutbreak Typical SOIV Severe disease

Daue.ocictany  Re-assortants e Jcals il () * 50 *
i n

‘monitor viral evolution in D ‘
real-time V v
~determine effect of ‘ s B l
Olympics on viral evolution

= IORI IR

N

Chaperonin-60 sequencing
(U. Sask.) ‘




3. metagenomics: co-infections

Drug-resistant Re'assmam Typical SOV Severe disease

*50

L [}

: o
.capitalize on available ‘

(BCCDC)

Virochip and Luminex (RVP)

samples
*explore patterns of co-
infection

|| 32

;

N

-

Chaperonin-60 sequencing
(U. Sask.)
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BCCDC’s H1N1 genomics project

s =}

 all sequence will be made publicly available

 collaborating with social scientists, FNIH, GSC,
international group of phylodynamics researchers using

orwik, GoogleWave
VaNCOUVeR2010.COM



descriptive epidemiology



what is descriptive epidemiology of a pathogen?

where did it come from, how is it
spreading, what makes it pathogenic?

Login | Create Account | Feedback

@ PLOS coLLecTiONS

article collections published by the Public Library of Science

Genomics of Emerging Infectious Disease

This collection of essays, perspectives, and reviews from six PLoS Journals provides insights

into how genomics can revolutionize our understanding of emerging infectious disease.

Collection Editor: Jonathan A. Eisen, PhD, is a Professor at the University of California,
Davis, in Davis, California. His laboratory is in the UC Davis Genome Center, and he holds

appointments in the Section of Evolution and Ecology and the Department of Medical

Microbiology and Immunology.

View large image

Staff Editor: Catriona J. MacCallum; D | Editor: Carol Featherstone, PhD

(Freelance Science Editor and Writer); Copy Editor: Maggie Brown.

Downloads: Audio interview (22 minutes; 10 MB MP3) with Jonathan Eisen, Siv Andersson, and Raj Gupta, led by

Kirsten Sanford; Complete collection (6.7 MB PDF).

Produced with support from Google.org. The PLoS Journal editors have sole responsibility for the content
of this collection.

Image Credit: Illustration by Pat Marais (PLoS) of a double helix with superimposed images from articles in this
collection. Top: a human helminth (Strongyloides stercoralis) from Brindley et al., PLoS Negl Trop Dis 3(10) e538.
Center: a schematic representation of an influenza A virion from McHardy et al., PLoS Pathog 5(10) e1000566.

Bottom: the bacterium Helicobacter pylori from Dorer et al., PLoS Pathog 5(10) e1000544.

Editorial 1

Genomics of Emerging Infectious Disease: A PLoS Collection
Jonathan A. Eisen, Catriona ). MacCallum

PLoS Biology:

Published 26 Oct 2009 | info:doi/10.1371/journal.pbio.1000224
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The comparative genomics of viral emergence

Edward C. Holmes>®-1

Center for Infectious Disease Dynamics, Department of Biology, Pennsylvania State University, University Park, PA 16802; and "Fogarty International Center,

National Institutes of Health, Bethesda, MD 20892

Edited by Stephen Curtis Stearns, Yale University, New Haven, CT, and accepted by the Editorial Board September 28, 2009 (received for review July 8, 2009)

RNA viruses are the main agents of ging and re ging
diseases. It is therefore important to reveal the evolutionary
processes that underpin their ability to jump species boundaries
and estabhsh themselves in new hosts. Here, | discuss how com-

ics can ¢ i to this end . Arguably the
most Imponant evolutionary process in RNA virus evoluﬂon. abun-
dant mutation, may even open up avenues for their control
through “lethal mutagenesis.” Despite this remarkable mutational
power, adaptation to diverse host species remains a major adap-
tive challenge, such that the most common outcome of host jumps
are short-term “spillover” infections. A powerful case study of the
utility of genomic approaches to studies of viral evolution and
emergence is provided by influenza virus and brought into sharp
focus by the ongoing epidemic of swine-origin HIN1 influenza A
virus (A/H1N1pdm). Research here reveals a marked lack of sur-
veillance of influenza viruses in pigs, coupled with the possibility
of cryptic transmission before the first reported human cases, such
that the exact genesis of A/HIN1pdm (where, when, how) is
uncertain.

evolution | influenza | RNA virus | lethal mutagenesis | mutation rate

discovery allowed characterization of much of the microbial
flora carried by honey bees, encompassing viruses, bacteria,
fungi, and others. In short, the generation and analysis of
complete genome sequence data are close to becoming the
default way of characterizing new viral pathogens (9).

The aim of this article is to demonstrate how new genomic-
scale approaches are able to provide unique insights into the
processes that govern the emergence and evolution of RNA
viruses. In doing so I make general statements about the nature
of RNA virus evolution and highlight some of the key evolu-
tionary lessons learned from the ongoing A/HIN1pdm pandemic
in particular. As a sidebar, this work illustrates the increasingly
important role played by evolutionary biology in the study of
infectious disease.

The Evolutionary Genetics of Viral Emergence

Even allowing for their relative abundance, RNA viruses seem
particularly prone to causing emerging diseases in humans and
other animals (10). Although these infectious agents have de-
fining characteristics, perhaps the most important from the
perspective of their evolution is their capacity for mutation. The
vast majority of estimates of mutation rates in RNA viruses are



story 1. where did it come from? SARS

e first novel EID of 215t century

* Nov. 2002 — atypical pneumonia, China
 March 2003 — international spread

« July 2003 — containment (~800 deaths)

* suspected animal origin
» sequenced by BCCDC & others
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but... high nucleic acid
identity, not found In
wild civets



« SARS CoV and others found in bats
* older, evolutionarily stable
 endemic since mid-1980s



story 2: how is it spreading? influenza

» |GSP: 4000 influenza genomes
across time, space, species, type

< Influenza Virus Resource e |
- NCB] Information, Search and Analysis %’
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Main Page>>Database
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source-sink model of emergence

Northern Hemisphere

A A A A

Southern Hemnsphere

doi:10.1038/nature06945



co-circulating lineages w/ reassortment
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story 3. what makes it pathogenic”? Dengue

* 50-100 million infections per year

* four serotypes, each with multiple
genotypes, geographic distribution

* large-scale sequencing effort
underway (target= 3500 genomes)

* genomic correlates of severity
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bcedce story 1: outbreak evolution TB

« 36 complete M. tuberculosis genomes from VI outbreak to
compare molecular evolution vs. field epidemiology data
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bcedc story 1: unusual isolate S. pneumo

« genome from serotype 5 DTES outbreak contains an
unusual genomic island (sugar usage?)
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descriptive epidemiology: the future

e can answer questions around origins,
evolution, pathogenicity, but not clinically-
relevant questions

 effect of co-infections? links between
evolution of co-infecting pathogens? role of
immunity”? viral quasispecies within an
individual? epistatic interactions”? genomes
of most common pathogens? virus
discovery?

* genome data must be collected along with
extensive host, co-infection data



Recommended essential minimum data for SARI surveillance

Optional data c_:ollectién for SARI surveillance

General information
» Unique identification number
» Medical record number
» Name (of patient and parent’s name, if a minor)
+ Date of birth
» Sex
» Address
« Date of onset of symptoms
« Date of collection of epidemiologic data
» Suspected novel influenza case
« Inpatient or outpatient
Clinical signs and symptoms
» Fever >38°C
» Cough
« Sore throat
» Shortness of breath/difficulty breathing
« Other clinical danger signs (79,22,23)
Type of specimen collected and date of collection
«» Throat swab specimen, date of collection
» Nasal swab specimen, date of collection
« Other specimen (if collected), date of collection
Preexisting medical conditions
« Liver disease
« Kidney disease
« AIDS, cancer, or other immunocompromised state
» Neuromuscular dysfunction
* Diabetes
* Heart disease
« Lung disease
« Smoking history

General information
* Diarrhea
» Encephalopathy
Exposure
» Occupation of patient
« Part of an outbreak investigation
« Contact with sick or dead poultry or wild birds
+ Contact with friend or family who has SARI

» Travel in an area known to have endemic circulation of
avian influenza (H5N1)

« Other high-risk exposure (e.g., eating raw or undercooked
poultry products in an area of influenza virus [H5N1]
circulation)

Vaccine/treatment history
« Vaccination against influenza within the past year
« Currently taking antiviral medicine

*SARI, severe acute respiratory infection; ILI, influenza-like iliness.

Strategy to Enhance Influenza
Surveillance Worldwide!

Justin R. Ortiz, Viviana Sotomayor, Osvaldo C. Uez, Otavio Oliva, Deborah Bettels,
Margaret McCarron, Joseph S. Bresee, and Anthony W. Mounts



descriptive epidemiology

genomics has beenuseful for
many-aspects of DE, but
more-is.-needed

CDC-like centres-ideally
positioned to lead/participate
in future DE projects



#% predictive epidemiology

i AN



stopping the
next outbreak
before it starts




Andrew’s complele genome [2008.73 - 2009.17]
Mike's complete genome [2008.80 - 2008 91]

O's HA [2008. 13 - 2008 96] EEnE—— &
Oif's NA [2008 21 - 2009.02] LA
Of's MP [2007 64 2005.01] - I

Gavin's HA [2008. 16 - 2009.02] e

Gavin's NA [2008 51 - 2009.16] [
Gavin's MP [2007.58 - 2009.14] I

Gavin's NP [2008 23 - 2009.12) [ i
Gavin's NS [2007 75 - 2009.08] [ERRE IR

Gavin's PA [2007 56 - 2008 94] IR —
Gavin's PB1 [2008 19 - 2009.15] [—— _ EEEE \

' Earfiest raported cases
\ | .althe end of March

Shaded region is the overlap between the single gene
analyses. It also overlaps with both analyses
conducted on complete, concatenated genomes

[2008 51 - 2008 94] which is June 5, 2008 to Decem-
ber 9, 2008

T
2008

months of undiscovered circulation in people
sometimes cover-ups, infrastructure problems
most often poor surveillance, novel pathogens






population sampling to pick up
threats before the lab or clinic



predictive epidemiology: genome surveillance

* genomics technology exists, global sentinel
system is the roadblock

* needs infrastructure, standards, reporting

* |ocal/national sentinel systems effective,
start by incorporating genomics into these

* must ultimately consider diverse species,
geography, demographics over time to be
effective



Stage

Stage 5:
exclusive
human agent

Stage 4:
long outbreak

Stage 3:
limited
outbreak

Stage 2:
primary
infection

Stage 1:
agent only
in animals

1

HIV-1 M

Transmission
to humans

Only from
humans

From animals
or (many cycles)
humans

From animals
or (few cycles)
humans

Only from animals

None

10.1038/nature05775



wildlife other anlmals

antimicrobial resistance vector-borne

0.1038/nature06536
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the end

thank you: patrick tang and bob
brunham at bccdc, our local
collaborators at the GSC and
brinkman labs, and genome bc for
their generous support.



