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Infectious causes of disease

...Jjust the tip of the iceberg.

Endemic:
hepatitis; chicken pox

Re-emerging:

Emerging:
SARS, ebola, Zika

tuberculosis, flu, pertussis

Challenges:
* Limitations in diagnostics

* Break-through of vaccine
preventable diseases

 Antimicrobial resistance

HINI1; H5N1

(]
Influenza A
4 HINI; H5N1
o
Rabies, Influenza A
HINI; H5N1

G.M. Abebe, Internat J Vir &
AIDS DOI:
10.23937/2469-567X/1510067



CZ Biohub Rapid Response Mission

Outreach
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<@ Establish platforms for

pathogen discovery. — ﬁ Training
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... support the science and
technology that will make it
possible to cure, prevent or

manage all diseases by the end
of the 21st century.”

<@ Provide strategies for
One Health.




Strategy: Enable access to and use of mMNGS technology
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Why?

How?

Metagenomics empowers surveillance
and unbiased pathogen detection.
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Comprehensive analysis of all genetic
material in a sample
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Deploy wet lab training

Remaining challenges
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Large, complex datasets.
Computationally expensive.

Difficult to implement bioinformatics.



Strategy - Technology that lowers barriers to analysis @

PROBLEM:
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Access & cost of Most custom pipelines & tools are run Pipelines require MANY steps, each

compute off the command line with unique tools and inputs/outputs

1) CZID &= CZ GENEP!

Make complex analysis pipelines globally accessible to empower data-driven
decision making about disease prevention and detection around the world.



Creating solutions
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Data upload &
filtering

e Opensource
e Cloud-based

No code
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Mapping of

reads & contig

assembly
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Blast
Taxonomic ID
Phylogenetics

Real time data generation,
Informed decision making,

e Actionable impact
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Agile methods and tools applied to a multitude of use cases
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Pathogen Detection & Identification
e Local pathogen landscape
e Unknown infections
e Novel, emerging, or engineered pathogens

Disease Epidemiology
e Outbreak investigations
e Emergence of antimicrobial resistance markers

Planetary Health & Zoonosis
e Vector surveillance
e Livestock & wildlife
e Water & crop monitoring



g\g - Comprehensive training
- [=>

Group engagement
and needs Technology transfer
assessment towards and practical use
capacity
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“““““““ t Applied Research

—e and Protocol

Hands-on wet lab Development
training for scientific <>
proficiency mzﬁ

On-call mentorship

BioE
Genomics

Data Science

CZB Group leaders
and Investigators




Capacity building at the local community level

Basic Research Clinical Research Public Health Practice

Low-middle income countries & underserved areas

Universities

Research foundations & clinics

Public health laboratories

Global health organizations (Pasteur,NIH,CDC, etc)




Collaborating sites
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Field application: Rapid outbreak response

Pivot from mNGS to enrichment protocols for SARS-CoV-2

e Firstin-country sequences for SARS-CoV-2

Phylogeny "
cnv Africa

ccccccc

Saha, et al 2020 Rm—— = = —
Manning et al, 2020 , = Madagascar .
Randremanana et al 2021 E—— = _
=
https://nextstrain.org/ncov/asia https://nextstrain.org/ncov/africa
@ Rapid deployment of a new pipeline for SARS-CoV-2 in CZ ID for low and middle
income country (LMIC) groups:

Enabled outbreak investigations & Publication of SARS-CoV-2 genomes

Unmet need o



Field application: genomic epidemiology & pathogen discovery

PI: Cara Brook Novel bat CoVs (Nobecoviruses) Novel bat henipavirus
Madagascar

NC_048217 | MHV | Mus_musculus | USA | 1962

NC_001846 | MHV | Mus_musculus | USA | 1997

NC_006577 | HCoV_HKU1 | Homo_sapiens | China | 2004

NC 012936 | Rat CoV_Parker | Ratwus ratius | USA | 1972
NC_006213 | HCoV_OC43 | Homo_sapiens | USA | 1960

NC_003045 | Betacoronavirus 1 | Bos taurus | USA | 1972

Understanding the genomic
)
landscape of coronavirus e
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NC_030886 | GCCDCH | Rousetius leschenaul | China | 2014
oL lahenu L omne | Geepcet HM044317 | HeV | Australia | 2008 | Equus_f_caballus
MT350598 | GCCDC1 | Eonyeteris_spelaea | Singapore | 2015 posterior
MG693172 | Eidolon_holvum | Camorcon | 2013 <09 JN255806 | HeV | Australia | 2009 | Equus_f_caballus
NC_048212 | Eidolon_helvum | Cameroon | 2013 . 509
1Q728482 | Eidolon_helvum | Kenya | 2006 HM044320 | HeV | Australia | 2008 | Equus._{_caballus
date of
MGB93169 | Eidolon_helvum | C: 1 2013
sampling eaion et L Sameren HeV | Australia | 2007 | Equus_{_caballus/Pteropus_sp
MG693171 | Eidolon_helvum | Cameroon | 2013 African
son, OK067320 | Rousetius_madagascariensis | Madagascar | 2018 Eidolon HeV I Australia | 1984 | Equus._{_caballus/Homo_sapiens.
OK067321 | Rousettus_madagascariensis | Madagascar | 2018
OK020088 | Rousettus_madagascariensis | Madagascar | 2018 HMO044318 | HeV | Australia | 2006 | Equus_f_caballus
OK020086 | Eidolon_dupreanum | Madagascar | 2019
MZ318101 | HeV | Australia | 2015 | Equus_f_caballus
& OK020089 | Rousetius_madagascariensis | Madagascar | 2018
EF065514 | HKUS | Rouseftus_leschenauti | China | 2005 KP271122 | CedPV | Australia | 2009 | Pteropus_poliocephalus
HM211099 | HKUS | Rouseltus leschenaulti | China | 2005
EF065516 | HKUS | Rousettus_leschenault | China | 2005 JQ01776 | CedPV | Australia | 2009 | Pteropus_sp
MG693170 | HKUS | Eidolon_helvum | Cameroon | 2013
L o
NC_009021 | HKUS | Rouseftus_leschenault | China | 2005 HKU9 Q660129 | Gh | Ghana | 2009 | Eidolon_helvum
MG762674 | HKU9 | Rousettus_sp | China | 2009 L & ONG613535 AngV | Madagascar | 2019 | Eidolon_dupreanum
L] HM211100 | HKUS | Rousettus. leschenauli | China | 2006 "
EF065515 | HKUS | Rouseltus_leschenauli | China | 2005 MZ574408 | GAKV | South_Korea | 2017 | Crocidura_lasiura
HM211098 | HKUS | Rhinolophus.sinicus | China | 2005
MZ574407 | GAKV | South_Korea | 2017 | Crocidura_lasiura
KU182962 | ynopterus_sphinx | China | 2005 BIC f =
oV92 /
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NC 025217 | Hipposideros pralt | China | 2013 KF278639 | MojV | China | 2012 | Rattus_rattus

NC_014470 | BICoV_BM48 | Rhinolophus_blasii | Bulgaria | 2008
NC_045512 | SARS_CoV_2 | Homo_sapiens | China | 2019

NC_004718 | SARS_CoV | Homo_sapiens | Canada | 2003

NC 038294 | MERS | Homo_sapiens | United Kingdom | 2012

NC_019843 | MERS | Homo_sapiens | Saudi_Arabia | 2012

NC_009020 | HKUS | Pipistrellus_abramus | China | 2013

NC_009019 | HKUA4 | Tylonycteris_pachypus | China | 2013 Embecovirus

Sarbecovirus

100008000 6000 4000 2000 0
years to MRCA

NC_039207 | Erinaceus_europaeus | Germany | 2012

L———————————@ NC.010800 | Meleagris_gallopavo | Canada | 2007

unclassified-Betacoronavirus

L]
e
@ Hibecovirus
® Nobecovirus
. Kettenburg et al. © Merbecovirus Madera et a[. 2022.
Ranaivoson et al. 2022. Frontiers in Z Gammacaronaviris Journal of Virology.

bathost O non-bat host

In final prep. Public Health.




Field application: Understanding pathogen landscape

Pl: Jessica Manning
NIAID ICER CAMBODIA

Pathogen Metagenomics in
the Mekong: A Multi-faceted
Approach to Improve Public
Health

® Febrile mNGS patient THAILAND s
© AMR mNGS solate
o o °

~2500 patients enrolled, plus 600
clinical isolates

Building a pathogen landscape of Cambodia to inform public health
decisions around drug, vaccine, and vector control priorities

Adenovirus -
Bocavirus 4
Cardiovirus -
Enterovirus -
HCoV H
SARS-CoV-2
Influenza 4
Metapneumovirus A
Parainfluenza -
Parechovirus -
Respirovirus
Rhinovirus -
RSV A
Rotavirus
Salmonella -
Sapovirus
Herpesvirus o
HBV -

HCV ~

HIV 4
Leptospira A
Neisseria
Papillomavirus 4
Pegivirus o
Pseudomonas -
Streptococcus
Staphylococcus -
DENYV A

CHIKV A
Orientia -
Plasmodium -
Rickettsia 4
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Will this be sustainable?

|
metrics of success _—
contributing
> - members + leaders
| Publshedgenomes of aglobal ID gs
Project Idea Training + Local _ Sustainable
using mMNGS Pilot Study Implementation Platform -
Informing public health outcomes
Extension Adoption Independent Integration

Implementation

Katrina Kalantar



Number reported

Metrics of success

I

40 I building community and collaboration
[ attracting additional resources
M informing public health outcomes

= B knowledge transfer to their team

30 B presentations
I training others
B manuscripts

20 M published genomes

17

Malawi Vietnam Pakistan The Gambia Kenya Nepal South Africa Madagascar Cambodia

Amy Krystosik



I)czip

Samples uploaded: LMIC users, March - August 2022
125 users from 36 LMIC countries uploaded 19k samples

-~

SAMPLES ANALYZED
0-9
10-99

B 100-999

B 1,000-9,999

South Africa: 1k Mauritius: 2k

Madagascar: 1.1k




CZ ID Users

(2018 - Aug 2022)

1 18 1 Independent users

ACTIVE USERS COUNT BY COUNTRY FOR THE LAST 6 MONTHs

ssssssssssssssss

73 countries

+63 Additional Countries

Genomics platform for mNGS, WGS, AMR
and CG for ONT and Illumina

73 more analyses pipelines, 1 more sequencing platform

Groups are using CZ ID as a training tool

1 2 1 Citations



Working towards sustainable disease surveillance in LMICs.

e WHO Hub )
Multilateral
[ J Africa CDC Fndln

e Regional Pathogen & )
%
S
5

Genomics Initiatives
e Veterinary Medicine

Local .
Stakeholders | | rogram Now Equipment &

s Expansion . Training ‘
Buy-in 2 Scaling Capacity

Sustainable
€ mNGS a .
Programs Workforce W
Resource Crowiila
Allocation Retariion
e |dentify pathogens /@D Colaboration A
&

-

e Understand how the pathogen - 3— ’
landscape is changing sntingaion iy

e Inform diagnostic workflow

e Enable better public health Social/Politica!

resource management &
prioritization




Chan
Zuckerberg
Initiative

Infectious Disease Technology Team

EHRO

Dan Lu
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Tiago Carvalho
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= Angela Detweiler

g Honey Mekonen

Sheryl Paul
o Jim Karkanias
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Foureoy, Eric Waltari

Saba Nafees
Abigail Glascock

Jessica
Logan Gadling

Maira Phelps Lusajo

CHAN ZUCKERBERG

BIOHUB

CZB Rapid Response team and Biohub Scientists

Mwakibete Manu Vanaerschot

Bill & Melinda Gates
Foundation
Farhad Imam

CHRF, Bangladesh
ICER, Cambodia
IPC, Madagascar
All of our GCE partners

Cori, Joe, Steve and
Sandy




