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Role in the changing global dynamics.
The Global Risk

« Spread of infectious diseases; B N N
« Water crises; S e gy @
 Failure of climate change adaptation;
* Global travel; | |
« Man-made environmental . g *.
catastrophes; i .
» Biodiversity loss and ecosystem
collapse;
» Large-scale migration, conflict,
refugees

Impact

Likelihood

Consequences — Very complex, wider in Global Risk Forum, 2016

spectrum. @
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Emerging Zoonotic Disease outbreak alert and response
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An expanded paradigm
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The Well-Traveled Salad.
Do You Know Where Your Food Has Been?

As consumers, many of us fail to recogrize that even our
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domestic and local faod supplies are part of a global net-
wark. The daily activity of consuming food directly links our

Global One Health initiative (GOHi)

health as humans to the health of crops and produce, food
animals, and the environments in which they are produced.
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Global One Health initiative (GOHi)

Climate change and water-borne diseases
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Environmental Enteric Dysfunction (EED)
Impact of water availability on sanitation- Foodborne Pathogens

Reduced colonization by Campylobacter, in children, improve sanitation
and hygiene to reduce the prevalence of Environmental Enteric
Dysfunction (EED) and thus childhood stunting.

Haramaya University, Eastern Ethiopia and UFL (USA)

haramaya lake ethiopia
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The Added Burden of Antimicrobial Resistance (AMR)
Global Public Health priority Crisis

Asia
g{.i 30,000

; B

j ]
; -. 317,000

Africa
4,150,000

Latin
America

302,000

Mortality per 10,000 population

Reviewon |
Antimicrobial
Resistance

AMR in 2050
10 million

Tatanus
60,000

Road traffic
accidents

1.2 million

Cancer
& 82 million

AMR now

700,000
{lowestimate)

Y
Measles % Cholera
130,000 100,000~
120,0

0,000

N

Diarrheceal
disease Diabetes
1.4 million 1.5 million

Cumulative economic impact of AMR, > $100 Trillion by 2050.
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Estimated Cost

$50 bn

$40 bn

$30 bn

$20 bn

$10bn

Global One Health initiative (GOHi)

Economic Impact of One Health issues- Zoonotic Food-
Water- and vector-borne Diseases

SARS
China, Hong Kong,
Singapore, Canada

$30-50 bn

}. $10bn
4
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- Tourism and -
R Agriculture Trevel public events + Mining

“As a physician, the issue of antimicrobial
resistance—or AMR—is very familiar to me.
...The problem goes beyond hospitals.
Antimicrobial resistance crosses boundaries
of nations, sectors, and even species—
affecting livestock, crops, and wildlife...

The World Bank is coordinating efforts
across agricultural, environmental, and
health sectors under the umbrella of One
Health—"

Dr. Jim Yong kim, 2014
President (Former)

@ WORLD BANKGROUP
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Population, Global Preparedness on Research Capacity

I The African bulge
Population, bn

12
FORFCAST _

10

Rest of — _
world A€

W State of the art
Established countries
4 Countries with existing research
infrastructure but could benefit
2 from capacity strengthening
M Basic infrastructure and capacity
0 development is needed
Not applicable/data unavailable

Human resource for research per 10 000 population

1950 70 90 2010 230 50 70 2100

Source: UN
Sitti-Amorn et al., BMJ (2000)
Demand for Animal Source Food (ASF) and water is increasing at high rate. E
L\ ¥
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Global One Health initiative (GOHi)

Global investment on Health Research

Name of funder

US National Institutes of Health (NIH)
Bill & Melinda Gates Foundation

Aggregate Pharmaceutical and Biotechnology Com-
pany Respondents

European Commission: Directorate-General for Re-
search and Innovation*

United States Agency for International Development
(USAID)

US Department of Defense (DOD) including DOD
Defense Advanced Research Projects Agency (DARPA)

The Wellcome Trust

UK Department for International Development (DFID)
. UK Medical Research Council (MRC)

Institut Pasteur

Dutch Directorate General of International Coopera-
tion

Australian National Health and Medical Research
Council

Grand total

Type of funder

Government
Private foundation

Private

Government
Government
Government

Charity
Government
Government
Private foundation

Government

Government

Total Amount Invested

(us$)

5.795.734.228
2,530,342,885
2,.537.9'.77.36.0

567,311,143
416,278,263
403,029,046

361,225,501
348,154,635
270,742,509
t6|.c.>|2.‘3.34
128,593,178

100,613,700

13,120,115,888

Disease area Total Amount % of total funding
Invested (US$) allocated
HIV/AIDS 5,488,168,543 43.5%
Malaria 2,709,915,003 21.5%
TB 2,508,349,300 19.9%
Dengue 781,191,533 6.2%
Kinetoplastids* 706,168,846 5.6%
Helminths (Worms & 352,659,673 2.8%
Flukes)
Leprosy 42,627,803 0.3%
Trachoma 19,653,909 0.2%
Buruli Ulcer 17,429,734 0.1%
Grand Total 12,626,164,344 100%




-Omics and associated technologies provides
efficient, high-throughput solutions

Genomics

Proteomics
Metagenomics
Transcriptomics
Metabolomics
Meta-metabolomics etc.




Need for innovative and cost-effective systems

‘ Shot gun Epidemi;)logical
Metagenomic typing

\ £

‘ Epidemiclogic
‘ Wation‘ rsu::::::w byping

Detection

1 weekto
amonth 2-4 days

- Many tests for one pathogen * One test for all pathogens

Ghanem and El-gazzar,2017
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Microbiome sample
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16S rRNA sequencing
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Total microbiome DNA sequencing
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Abundance

oTu :
Phylogenetic view

Identification of Identification
species and relative of community of variants and
frequencies composition polymorphisms

OTU = Operational Taxonomic Unit, a group of very similar 165 sequences

1

|

Functions

Abundance

Functional
information

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 bp

vi va2 v3 V4 V5 V6 v7 ve ve

CONSERVED REGIONS: unspecific applications
VARIABLE REGIONS: group or species-specific applicati

https://www.gatc-biotech.com/en/expertise/targeted-
sequencing/16s-rrna-analysis.html

Microbial ldentification
Outbreak / source tracking
Rapid, Point-of-care detection
Antibiotic Resistance

Virulence / Hypervirulence



GenomeTrakr

DATA ASSEMBLY, ANALYSIS, AND STORAGE
International Nucleotide Sequence Database Collaboration (INSDC}
Shared Public Access Databases

« NCBI - Naticnal Center for Biotechnology Infoarmation

« EMBL — European Molecular Biolagy Labeoratory

+ DDBJ - DNA Databank of Japan

PUBLIC HEALTH APPLICATION AND INTERPRETATION OF DATA
» Find clinical links

= [dentify clusters

~ Develop rapid methods SEREBE

« Develop culture independent tests i i i i i

« Develop new analytical software AL
11/2014 State, Local, Federal, and Foreign Public Health Agencies Academia/industry
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Portable data and visualization

GENOMES  COLLECTIONS  UPLOAD  DOCUMENTATION M |
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Vision
Capable professionals and institutional systems that support
and advance a healthy, enduring global community
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DECENT WORK AND
ECONOMIC GROWTH
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Compelling Global Challenge

Integrated approach to build capacity, to
mitigate diseases and associated hazards;
influence science & policy at the interface

between & among humans, animals, plants and
the environment- Global One Health.

Integrated approach is essential for the sustainability
of our planet.

Challenge- How do you build capable professions;

influence policy and sustain impact?
7
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Global One Health- Capacity Needs

Food and water safety

Re-emergence: multi-drug resistance
(MDR), hypervirulent,

Vector-borne Diseases

Chemical hazards: antibiotics,
pesticides...

Biodefense and biosecurity

Malnutrition and environmental enteric
dysfunction (EED)

Interaction and chronic outcomes
(cancer)

Lives and livelihood
International trade
Sustainability \@
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% | = Salmonella enterica (ID 27 %

BioProject BioProject

Advanced

Display Settings:

Salmonella enterica

Related Resources:

o International Congress on Path at the H Anil

Send to:

Accession: PRINA275361  ID: 275961

GenomeTrakr: OSU-ICOPHAI project
Whole genome seguencing of cultured Salmonella enterica as part of the US Foed and Drug See Genome
Administration's WGS surveillance effort for the rapid detection of foodborne iliness outbreaks. Informaticn for

Salmonella enterica

Project Type: Genome sequencing and assembly

| Interface (ICOPHAI)

2808 additional
projects are related

Attributes: Scope: Multiisolate; Material: Genome; Capture: Whole; Method type: Sequencing by organism.
Relevance: Medical
Project Data:
Number
Resource Name of Links
BioSample 924
~ SRA Data Details
Parameter Value
Data volume, Gbases 4
Data volume, Mbytes 2749
Lineage: Bacteria; Proteobacteria; Gammaproteobacteria; Ei iales; Enterob i v Salmoenella; Salmonella

enterica [Taxonomy ID: 28901]
Submission:
Registration date: 20-Feb-2015
US Food and Drua Administration

Help
Related information s
BioSample
Taxonomy
Related Resources e

International Congress on Pathogens at
the Human-Animal Interface (ICOPHAI)

ICOPHAI GenomeTrakr Partnership 1000+ MDR Salmonella

submitted to FDA CFSAN

* Brazil (104)

* Ethiopia (401)
» Kenya (86)

» Mexico (63)

» Tanzania (64)
* Thailand (60)

U.S. —OSU (247)

E. Coli
» Eastern Africa

Recent activity )
Tumn Off Glear

E Salmonella enterica

BioProjact
Q, icophai (1)

BioProjact
Q_ horizental transfer of resistance

(1834)

B Minimization of bovi

control costs in US oy

Campylobacter
« Ethiopia
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Building Capacity- NIH-GID/ Research Training Program (OHEART)

Molecular Epidemiology of MDR Salmonella Enteric caliciviruses in pigs and cattle
in Tanzania (Julius Medardus) (Zufan Sisay — Addis Ababa
University, Ethiopia)

FOURRTY

Molecular Typing and Antimicrobial Resistance ,
of Campylobacter (Isaac Kashoma — Sokoine Ly
University of Agriculture, Tanzania)

MRSA among HIV, Hospital and Food
A handler cohorts (Benear Obanda — Kenya
sy Medical Research Institute, KEMRI)

L

-
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Salmonella WGS- Mexico

- Blast Atlas

- SNP- based phylogeny

Salmanella Typhimurium LT2
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Distribution of strains per isolation site:
Mexico City: samples 107-119
Guadalajara City: samples 120-126

Mexicali City: samples 127-167

Serovar
[ Bergen
Derby
H Give
[l London
Montevideo
[ Muenster
Il Newport
M Reading
Roodepoort
Senftenberg
Il Typhimurium LT2
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Antimicrobial Resistance and Virulence

Increasing prevalence of antibiotic resistant strains

Special case of directed evolution

Acquire AMR genes or virulence-associated genes Culture of a multiresistant
bacterium
from the environment.
Often independent of serotype or gene markers

NGS comprehensively and unambiguously track AMR and virulence-

associated genes




ldentify and correlate- AMR phenotype/ genes

AMR genotype
B-lactamq Quinolones Aminoglycosides Sulfonamides | AmphenicolgTetracyclines]

Multidrug efflux pumps families

blaTEM-1
blaCARB-2
qnrAl
qnrB
qnrB19
oqxAB
aac(3)-lld
gacEDeltal

AMR phenotype

Amp

Tet

Car

Amp/Cef

Amp/Car

Amp/Tet

Amp/Car/Tet
Amp/Car/Sxt/Tet
Amp/Car/Sxt/Tet
Chl/Str/Sxt/Tet/Kan
Amp/Car/Cef/Chl/Tet
Amp/Car/Sxt/Gen/Tet
Amp/Car/Sxt/Chl/Tet
Amp/Car/Cef/Sxt/Tet
Chl/Str/Sxt/Tet/Kan
Amp/Car/Cef/Tet/Cro/Net
Amp/Car/Cef/Sxt/Chl/Gen/Tet
Amp/Car/Cef/Sxt/Gen/Net/Tet

ATP-depdent ABC

Amp, ampicillin; Amx, amoxicillin; Amc, amoxicillin clavulanic acid; Car, carbenicillin; Cro, ceftriaxone; Cef, cephalotin; Ctx, cephotaxime; Cip, ciprofloxacin; Pef, pefloxacin;
Amk, amikacin; Kan, kanamicin; Gen, gentamicin; Str, streptomycin; Net, netilmicin; Sxt, trimethoprim-sulfamethoxazole; Chl, chloramphenicol; Nit, nitrofurantoin; Tet, tetracycline

.Gene present I:lGene absent




Shotgun Metagenomics

Comprehensive sampling all genes in all

organisms in a complex sample i r——— M

Microbiome sample

l Extract DNA

Metabolic pathways and gene function —_—

—

165 rRNA sequencing Total microbiome DNA sequencing

I
} il ! !
. . . g 2 GATCGATC £
Detect the abundance of microbes in various glhl {@H e ﬂ‘l[.]
vi.,é”“‘ 3

GATCGTTC

Evaluation of bacterial diversity

oty Functions

H Identification of Phylogenetic view  Identification Functional
e nV| ro n | I l e n tS species and relative of community of variants and information
frequencies composition polymerphisms

OTU = Operational Taxonomic Unit, a group of very similar 165 sequences

Studying unculturable microorganisms
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Campylobacter Genomics and Enteric Dysfunction (CAGED)
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CAGED- Identification of multiple bacteria

Clostridium
Haemophilus —

Campylobacter

Ll

NT reads > 10 (or higher for more confidence), NT
alignment length > 50bp

[ttt el

Neisseria — ~

linll

Klebsiella—» =

ittt

Yersinia ——»
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M eta b o I o m i CS epresentative metabolites (n = 47

IBD trend

E. ventriosum

Coprococcus catus

R. hominis

Dorea longicatena
Eubacterium hallii
Eubacterium sitaeum
Alistipes shahii

Alistipes putredinis

Alistipes finagoldii
Roseburia inufinivorans
Roseburia intestinalis
Faecalibacterium prausnitzii
Eubacterium eligens
Bacteroidales bacterium ph8
Alistipes indistinctus
Alistipes senegalensis
Ruminococcus callidus
Holdemania filiformis
Gordonibacter pamelaeae
Lachnospiraceae bacterium (1)
Adlercreutzia equolifaciens
Alistipes onderdonkii
Blautia producta
Lactobacillus gasser
Enterococcus faecium

IBD associated
Microbes and
Metabolic profiles

Fransoza et al., 2019

Representative species (n = 29)
IBD trend [T

. Lachnospiraceae bacterium (2)
.e C. clostridioforme
®0 R. gnavus
o[ C. symbiosum
5 Tees < ~guw
oL ofeBecsieesRoc o250 EEE05382 20 88 8sguREEs=Ra8 (2) 9 1 43BFAA
w""—““ag:?s""“‘g"aﬂogg-—“w‘i——coor—z 665825248533 85288F¢E
SHEO ST 88F L EoﬁamQEE-EECEEﬁ ] ToT8EOZO000r 2285008
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G* B 2 3524 g 5 Aa UC
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S X k lati
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Global context

Oxford Nanopore (Minion)
Portable

Very long read length Wy MinION?
Easier bioinformatics '

Quality? V. short reads

m I m t 1 t h I | I m 1 Choose your read Immediate access to 1D library prep: Run differant No capital cost
O p e e n WI u I n a length: 5kb? >200kb? data <10mins, 2 pots experiments in
Longer? sequence on one flow
cell

No capital cost
Easier assembly, Rapid time to result - Low cost of materials Easy install
'? phasing move on Barcode for even
a C H more samples

Covering repetitive Rapid insight into De-skill prep X Mo additional lab
regions whether status of Run many infrastructure
sample axperiments on ona requirements
device

_-:}C'_[ACG
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Biological questions

Longitudinal
variation?

Targetable
host-microbiome
interfaces?

Prebiotic/probiotic
and transplantation
interventions?

Detectable dysbiosis
triggering events?

? Host
Homeostasis immune Immune defence Pathogen

system

Immune training Infectionimmune training

Host
Metabolic cooperation metabolism  Parasitism
COIOnizatiOr\/ V“'u'ence

transmission acquisition
Microbiome types? Host ?

o  genetics

Viral infection/cancer

Nutrient competition

Environmental microbiomes

Technologies

Metagenomics

Metatranscriptomics

Metametabolomics

Metaproteomics

Single cell
sequencing
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Tralnlng for Transformatlve Impact

GLOBAL ONE HEALTH GLOBAL ONE HEALTH

Molecular Environmen Food Geospat.
Epid. tal Health Safety ' Epid.
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Global One Health initiative (GOHi)

Bringing multi-disciplinary teams/ Global One Health knowledge-sharing

September 15-17,2011 UN Conference Center, Addis Ababa, Ethlopla

USDA = USAID | PREDICT ,,.E‘.‘,“.".s. ..........
s g = £ mw"“'") S USAID |ETHIOPIA o
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Global One Health initiative (GOHi)

Take Home Message

Water/ Food- Key conduits for One Health;

Integrated approaches- addressing
biological and chemical hazards

Lack of capacity and harmonization of
research and surveillance is critical;

Genomics+ play key role;

Resource mobilization to address Global
Water and Food Safety is key for success;

FDA and global partners leadership is
needed.
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Thank You!
ATMAITAY:=
Muchas Gracias!

51 1 THE OHIO STATE
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N
Merci Beaucoup!
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Terima Kasih
I5 60T 1)
Muito Obrigado!
N2 NTIN
Vielen Dank!
Murakoze!
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