daszak@ecohealthalliance.
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Stage 3 Pandemic emergence

Pandemic

International travel and trade
« HIV/AIDS
» Severe acute respiratory syndrome

« Social distancing
 Travel restrictions

« Non-Pharm. Interventions

Stage 2 Localised emergence

Local = regional outbreak

Expansion of the wildlife-human being interface

« Early detection EQF;T:VV.LLU:
« National response
capacity

 Global Preparedness

Stage 1 Pre-emergence

Encroachment into wildlife habitat
Spillover of Disease X ‘_‘ Change in land use |

 Farm biosecurity
« One Health : >
 Environmental protection /ﬂ y“

Morse et al. (2012) Lancet




Hotspot maps for viral emergence in Southeast Asia

Emerging disease ‘hotspot’ risk

Allen et al. 2017 Nat. Comm

Predicted diversity of undiscovered
likely zoonotic viruses (bats)

A Jinning (serol. Study)

/A Mojiang (RaTG13)

A Xishuangbanna (RmYNO2)
A BANAL CoVs (Laos)

Olival et al. 2018 Nature



Bat SARSr-CoV spillover risk analysis

1.00
gy 0.75
0.50
0.25
0.00

Left: SARSr-CoV bat host species richness
Right: Relative outbreak risk (host species richness * human population)

Sanchez et al. medRxiv (2021)
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Bat coronavirus discovery

Level 1: Related to viruses with
known zoonotic potential

Level 2: Highly prevalent or in multiple taxa

Pangolin CoV

—I Pangolin CoV

Bat CoVs

SARS-CoV-2
RaTG13

[ ]

' NIAID/EIDSEARCH_CoV-2 s

] ]

o~y o © o ¥

PREDICT CoV-52
HKU10
at/Yunnan/HpYN13/2019

I:l ; b:
bat/Yunnan/RmYN22/2020

NIAID/EIDSEARCH_CoV-4

Level 3: Restricted to a single host
or at low prevalence

4[-

—

(5

NIAID/EIDSEARCH_CoV-3

HKU8
NIAID/EIDSEARCH_CoV-5

A

KU10

NIAID/EIDSEARCH_CoV-4




Transmission: animal - human

Transmission: human - human

Viral infectivity: humans

Intimacy of interaction: wild animals - humans
Number of primary interfaces

Frequency of interaction: wild animals - humans
Virus transmission mode

Virus epidemicity

Host plasticity: orders

Frequency of interaction: domestic animals - humans
Intimacy of interfaction: domestic animals - humans
Proportion viral family: infect humans

Human population density

Host plasticity: species

Viral infectivity: terrestrial animals

Geography: host

Proportion viral family: known human pathogens
Genetic relatedness of host - humans

Virus genome

Urbanization

Severity of the disease in humans

Deforestation

Land use

SpillOver: Virus Risk Ranking

Expert Opinion

VIRUS SPILLOVER: RISK FACTOR ASSESSMENT

65 Experts
13 Countries

Risk
31 Factors 3 HOST 16 viRus 6 ENVIRONMENT

RISK ANALYSIS FRAMEWORK \‘ HIGH
P MEDIUM
wr 1 | o
VIRUS Risk
DA‘I!ABASE 31 F:nnrs NORISK
PREDICT + ZODONOTIC VIRUS EXPERT OPINION + EXTERNAL DATA

¥ Spillover Risk

RISK FACTOR EXPERT OPINION

Agricultural change  [DDI & ",_ Factor Data Sources
Geography: vivs - [ =N ¥
. . RISK SCORE + ENVIRONMENT
Livestock density [N 'l " LADAland use systems
Duration of infection: humans R
RANKING COMPARISON I Rt

Virus segmentation

Habitat breadth

Proportion viral family: infect >1 host
Proportion viral family: infect terrestrial animals
Sample diversity

Global forest change
* HOST

IUCN Red List

Birdlife International
TimeTree

887 RANKED VIRUSES RO

ICTV Tenth Report
ViralZone

Virulence: terrestrial mammals 28 Known io ba zoonotic e S
Viral infectivity: birds Published virus databases
849 unknown zoonotic potential *  NcBivirus nudeotide database

Virus envelope

Viral infectivity: other animals
Conservation status

Virulence: other animals

Virulence: birds

Proportion viral family: infect other animals
Proportion viral family: infect birds

Diet breadth

WEBSITE Users SPILLUGVER

VIRAL RISK RANKING

[ ] www.spillover.global

h.‘ * Policy Makers = .
. * Scientists s & =

* General Public RANKING RANK
COMPARISON  YOUR VIRUS

#
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20 40
Number of Experts

-3
-3

LEVEL OF RISK [l High [ Medium Low [ Notrevelant | No answer

Grange et al. PNAS 2021



Wild Animal Surveillance Thailand Year 1

Tree scale: 0.1 +——

KY352407.1/Bat SARSr-CoV BtKY72/Kenya/2007

100

« 1,848 bats and non-human
primates sampled with >13,000
specimens collected

« Characterization of newly-
discovered CoVs beginning now

« Further testing underway

@o Health
apAlliance

63

80

— NC 014470.1/Bat SARSr-CoV BM48-31/Bulgaria/2008

—— LC556375.1/Bat SARSr-CoV Rc-0319/Japan/2013

KF569996.1/Bat SARSr-CoV LYRal1/China/2011

97

AY278488.2/SARS-CoV BJ01/China/2003

KF367457.1/Bat SARSr-CoV WIV1/China/2012

KJ473812.1/Bat SARSr-CoV BtRf-HeB2013/China/2013
DQ412042.1/Bat SARSr-CoV Rf1/China/2004
DQ022305.2/Bat SARSr-CoV HKU3-1/Hong
MG772934.1/Bat SARSr-CoV SL-ZXC21/China/2015

MG772933.1/Bat SARSr-CoV SL-ZC45/China/2017

BR28-CoV/R.pusillus/TH Ratchaburi/2021

98

—— MZ081380.1/Bat CoV RsYNO4/Yunnan/2020

BR21054-CoV/R.pusillus/TH Ratchaburi/2021

63 BR23-CoV/R.pusillus/TH Ratchaburi/2021

SARS-CoV-2 related virus

8BR21065-CoV/R.pusillus/TH Ratchaburi/2021

BR12-CoV/R.pusillus/TH Ratchaburi/2021

EPIISL 412977/Bat CoV RmYNO02/Yunan/2019

MZ081381.1/Bat CoV RsYNO06/Yunnan/2020

7
7

NC 045512.2/SARS-CoV-2 Wuhan-Hu-1/Wuhan/2019
MW251308.1/Bat CoV RacCS203/Thailand/2020

MN996532.2/Bat CoV RaTG13/China/2013



SARS-CoV-2 related coronaviruses in Rhinolophus pusillus,

Ratchaburi province, Thailand

4/99 rectal swabs PCR positive for SARS-CoV-2 related
(collected in March 2021)

. Genome
m Mapplng Reads Complateness %

Closely related to bat and pangolin clade 2 sarbecovirus (RaTG13,
GD-1, P5L), at some positions closest to SARS-CoV-2

4 amino acid differences in from RaTG13 in RBD region
Full genome identity of B21065

B21023 13844 87 29829
B21065 2202757 100 29845
29845 91.99% 91.91% 91.72%
40.8 SARS-CoV-2 Gamma
57 SARS-CoV-2 Omicron 324 SARS-CoV-2 Omicron 61-5| SARS-CoV-2 Mu
45 SARS-CoV-2 Lambda 30.3 SARS-CoV-2 Mu 21.5 SARS-CoV-2 Beta
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160 SARS-CoV-2 Delta 938 SARS-CoV-2 Delta SARS-CoV-2 Delta Plus
Genome SARS-CoV-2 Delta Plus Spike SARS-CoV-2 Lambda RBD SARS-CoV-2 Lambda
SARS-CoV-2 Bat CoV BANAL-20-236
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Bat CoV RaTG13 Bat CoV BANAL-20-103 ThaiCoV_B21054
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ThaiCoV_B21054 Bat CoV BANAL-20-247 88 Bat CoV BtKY72
Pangolin CoV GD—1 Bat CoV BANAL-20-116 346 Bat CoV PRD-0038
Pangolin CoV P5L Bat CoV RacCS203 99,21 Bat CoV RsYNO4
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Spillover risk assessment of a novel bat SARS-CoV-2-related CoV

SimPlot - Query: NC_045512.2{SARS-CoV-2[Wuhan-Hu-1|China]Homo_sapiens[2019 ACE2 binding
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High risk community — bat guano collectors

7/56 tested positive for PMV
4/56 tested positive for FV
34/56 tested positive for CoV




Cryptic spillover among local communities #1

Presence of antibodies reactive to henipavirus or
filovirus envelope glycoproteins using MMIA (n = 237)

# positive Seroprevalence
Henipavirus seropositive 64 27.00
Single reactive 50 21.10
Ced 2 0.84
HeV 1 0.42
NiV 1 0.42
MojV 45 18.99
GhV 1 0.42
Cross reactive 14 5.91
Filovirus seropositive 45 18.99
Single reactive 30 12.66
EBOV 20 8.44
BDBV 6 2.53
RESTV 1 0.42
MLAV 1 0.42
RAVV 2 0.84

Cross reactive 15 6.33




Cryptic spillover among local communities #2

Factors associated with Mojiang-related virus and Filovirus
seropositivity among surveyed population (n = 237)

Henipavirus serological results Filoviruses serological results
+/total (% of Bivariant Multivariable +/total (% of Bivariant Multivariable
positive) OR P value OR P value positive) OR P value OR P value

Non-animal business

No 42/165 (35%) 1.20 0.664 0.99 0.986 26/165 (16%) 1.65 0.208 5.82 0.029

Yes 21/72 (29%) ’ ' ’ ’ 17/72 (24%) ' ’ ’ ’
Bat guano collection

No 457165 (27%) 0.89 0.838 1.97 0.210 28/165 (17%) 1.29 0.599 8.84 0.007

Yes 18/72 (25%) ’ ' ’ ’ 15/72 (21%) ' ’ ’ ’
Forestry station worker

No 511217 (26%) 1.20 0.923 1.82 0.454 407217 (18%) 0.78 1* 10.55 0.029

Yes 6/20 (30%) ’ ' ’ ’ 3/20 (15%) ' ’ ’
Raised animals

No 26175 (35%) 0.56 0.079 0.34 0.036* 13/75 (17%) 0.97 1.084 0.43 0.137

Yes 37/162 (23%) ’ ' ’ ’ 30/162(19%) ' ’ ’ ’
Raised dogs

No 28/113 (25%) 1.19 0.651 2.16 0.072 161113 (14%) 1.68 0.177 2.59 0.037

Yes 35/124 (28%) ’ ' ’ ’ 27/124 (22%) ' ’ ’ ’

Slaughtered animal

No 62/219 (28%) 40/219 (18%) .

Yes 1118 (6%) 0.15 0.048 0.19 0.127 3118 (17%) 0.90 1 1.50 0.612
Rodent contact

No 53/206 (26%) 37/206 (18%)

Yes 10/31 (32%) 1.37 0.582 1.46 0.420 6/31 (19%) 1.10 1 1.55 0.421
Bat contact

54/176 (319 37/176 (219
No (31%) 0.39 0.024 0.32 0.035 (21%) 0.41 0.078 0.27 0.052

Yes 9/61 (15%) : ; 6/61 (10%)
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Environmental samples: pro and cons

Advantages: Disadvantages:

* Cost effective, Rapid * Sensitivity

« Convenient, Flexible * Sample types

 Wider net at high-risk * Noindividual level (meta/epi)data
interfaces * Bioinformatics

« Biosafety, biosecurity * PCR inhibition, sample degradation

e Animal welfare * SOP
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Live bird swabbing vs. air sampling; gPCR vs. metagenomics

Swabbing live birds

qPCR: A/H5N1

Duck (throat)

97.79% Influenza A virus
1.88% Duck hepatitis B virus
0.26% Avian coronavirus
0.04% Rotavirus G

0.03% Traversvirus P27

ONEEN

Genome Detective

92.43% Influenza A virus (H5N1)
2.81% Sheldgoose hepatitis B virus
0.19% Infectious bronchitis virus
0.05% Muscovy duck circovirus

4.51% Anseriform dependoparvovirus 1

§§ ONE CODEX

97.33% Influenza A virus

1.68% Duck hepatitis B virus

0.35% Avian coronavirus

0.06% Rotavirus G

0.58% Anseriform dependoparvovirus 1

Air sampling bird market

Air (slaughter area)

DEEEN OONEN

OONEN

gPCR: A/HIN2, A/H5N1

2.28% Influenza A virus
25.69% Rotavirus G
4.37% Rotavirus D
64.43% Avian coronavirus
3.23% Rotavirus A

1.65% Influenza A virus (HON2)
34.95% Rotavirus G

6.18% Rotavirus D

53.55% Avian coronavirus
3.67% Avian leukosis virus

2.02% Influenza A virus
25.64% Rotavirus G
3.44% Rotavirus D
59.98% Avian coronavirus
8.92% Rotavirus A

Influenza A Virus



Conclusion and future plans

Environmental sampling

o Similar/better resolution in
detection

o Easy, less risks for humans and
animals

Metagenomics

o Bigger = better: reference
database

o Less sensitive to primer mismatch

o Metagenomic bycatch

o Whole genomes (phylogenetics)

Improve/expand metagenomic data
analysis

O

Benchmark analysis pipelines with
“Golden standard”

Develop custom/standardized thresholds
Visualize complex metagenomics data,
o/B diversity

Feedback to
OneCodex,GenomeDetective,CZID, EHA

i
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Coming soon: Field biosafety manual

1. Introduction

2. Hazard Identification

3. Risk Assessment

4. Field Biosafety Levels

5. Risk Mitigation Protocols

6. Emergency Response & Exposure

7. Appendices




RISK
Not known to be ideal
x > a &, foragents greater than 1 F | E I_ D
WHO/NIH RG 1 "Y’Q
BIOSAFETY
LEVELS 1-4

Not known to be ideal

@ pf‘ 'l‘ for agents greater tf& 3

N WHO/NIH RG 3

Any risk group areas or a
transient conditions

known or suspected to 4
be ideal for a WHO/NIH

RG 4 agent

Any RG species
population known/
suspected to harbor a
WHO/NIH RG 4 agent




FIT-TEST KITS USED MUST
MEET OSHA
PERFORMANCE CRITERIA

FOR FIT-TESTI
RESPIRATORS

WHEN TO CONDUCT
RESPIRATOR (FFR)
FIT-TESTING

All new personnel
Each new FFR type
Annually

Change fo facial structure
- Weight fluctuation

Trauma and/ or
surgical correction

- Dental change
- Facial scars

WHEN TO REPLACE FFRs

Broken seal
Soiled
Wet from fluids/ sweat

Increasingly difficult to
breathe through

Continuous use for 8 hours

Personal Protective Equipment (PPE) — Disposable FFR Fit Testing

For FFRs to function as intended, the product must be “fit-tested” to
each individual to ensure a complete facial seal prevents any air leakage.
Incomplete seals allow for potential pathogens to evade filtration. To
ensure an FFR is tightly fit, a fit-test must be conducted (if first time) or a
pressure seal check (each time it is placed on).

All field participants that need to wear an FFR must be fit-tested for the
mask intended for use. While wearing a specialized hood and the
selected FFR, an examiner puts the user through a series of exercises
that mimic how a user would wear the FFR regularly. A safe flavor
chemical is circulated through the hood that can only be detected by the
user if there is an incomplete seal.

ENSURING RESPIRATORS (FFRs) ARE TIGHTLY FIT TO USERS FACE

0
KEEP FACE FREE OF FACIAL HAIR FOR A COMPLETE SKIN SURFACE CONTACT

RESPIRATOR SEALING SURFACE

o8 6 6

CONDUCT A PRESSURE SEAL CHECK (IF ALREADY FIT-TESTED)

%) EMORY Positive pressure user seal check
s - —— 10)
A4

Ensure that the
face

collapses

Personal Pr (PPE) - EN ic Facep D

(EFR) & Power Air-Purifying Respirators (PAPR)

Alternatives to disposable filtering facepiece respirators (FFRs) are the
reusable elastomeric facepiece respirators (EFR) and power air-purifying
respirators (PAPR). These respirators should be considered if an
individual fails the fit-test or has an aversion to any of the supplied
NIOSH approved FFRs. Follow model instructions for fit-testing and use.

ELASTOMERIC FACEPIECE & POWER AIR-PURIFYING RESPIRATORS

OSHA==

E \
F “\
R Y|
{ / ‘
/ : pF] i
Half mask (elastomeric) Full facepiece (elastomeric)
- Tight fitting respirator
- Fit-testing required, must be NIOSH-approved
- Reusable/ Can be disinfected
- Filtration level dependent upon replaceable filters
BUT has exhalation valve — consider reverse zoonoses
- COST: Usually ~ $15 to $30, but can be up to $500
P
A
F
R

Loose-fitting powered air-

Hood powered air-purifying
purifying respirator (PAPR) respirator (PAPR)

- Loose fitting respirator, battery powered

- Fit-testing NOT required, but must be NIOSH approved
- Reusable/ Can be disinfected

- Typically exceeds N95 level filtration

- Units that filter exhaled air are preferred

- COST: Usually ~ $800 +

OPTIONS FOR WHEN FIT-
TESTS FAIL OR WHEN USE
OF A NIOSH-APPROVED

DISPOSABLE RESPIRATOR
(FFR) IS NOT POSSIBLE

TRY AN ALTERNATE NIOSH -
APPROVED FFR SIZEf MODEL

CONSIDER AN

ELASTOMERIC RESPIRATOR
" J

s B
CONSIDER A POWER AIR-
PURIFYING RESPIRATOR

CONSDIER AN UNDER-
RESPIRATOR BEARD COVER

- vy

UNDER-RESPIRATOR
BEARD COVER

SINGH-THATTHA
TECHNIQUE

A final alternative for beard
presence when PAPRs are not an
option is the application of o
beard cover. Use of a synthetic
elastic cover to contain the beard
and to make complete contact
with skin and the respirator (FFR or
EFR) may be attempted but still
requires fit-testing.

—
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Collaborators

100+ partners in 30+ countries

* NIAID CREID Center Grant partners: USU, UNC,
Duke-NUS, Thai Red Cross EIDCC, Chulalongkorn
Univ, Conservation Medicine Malaysia, BU NEIDL
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