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Pandemic 

• Social distancing

• Travel restrictions

• Non-Pharm. Interventions

Local  regional outbreak

• Early detection

• National response 
capacity

• Global Preparedness 

Spillover of Disease X

• Farm biosecurity

• One Health

• Environmental protection

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)

Jinning (serol. Study)
Mojiang (RaTG13)
Xishuangbanna (RmYN02)
BANAL CoVs (Laos)

Olival et al. 2018 Nature



Bat SARSr-CoV spillover risk analysis 

Left: SARSr-CoV bat host species richness

Right: Relative outbreak risk (host species richness * human population)

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



Grange et al. PNAS 2021
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Wild Animal Surveillance Thailand Year 1

SARS-CoV-2 related virus

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

• Characterization of newly-
discovered CoVs beginning now

• Further testing underway



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

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

RBD

SARS-CoV-2 related coronaviruses in Rhinolophus pusillus,
Ratchaburi province, Thailand

WGS results Mapping Reads Genome 
Completeness % Length

B21023 13844 87 29829
B21054 218827 85.6 29970
B21065 2202757 100 29845

Length Pangolin GD-1 RaTG13 SARS-CoV-2

29845 91.99% 91.91% 91.72%

Genome Spike



Spillover risk assessment of a novel bat SARS-CoV-2-related CoV

Genome RdRp Spike RBD

THAB21065 91.76 92.31 (99.25) 90.57 (97.56) 86.40 (91.48)

THAB21105 90.34 92.42 (99.25) 80.65 (86.25) 72.94 (75.78)

THAB21140 88.96 92.63 (99.25) 75.31 (80.05) 66.22 (66.37)

THAB21146 89.60 92.56 (99.36) 75.28 (79.89) 66.37 (66.37)



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

# 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

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



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 
positive)

Bivariant Multivariable +/total (% of 
positive)

Bivariant Multivariable

OR P value OR P value 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 45/165 (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 57/217 (26%)
1.20 0.923 1.82 0.454

40/217 (18%)
0.78 1* 10.55 0.029

Yes 6/20 (30%) 3/20 (15%)

Raised animals

No 26/75 (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

16/113 (14%)
1.68 0.177 2.59 0.037

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

Slaughtered animal 

No 62/219 (28%)
0.15 0.048 0.19 0.127

40/219 (18%)
0.90 1* 1.50 0.612   

Yes 1/18 (6%) 3/18 (17%)

Rodent contact

No 53/206 (26%)
1.37 0.582 1.46 0.420

37/206 (18%)
1.10 1 1.55 0.421  

Yes 10/31 (32%) 6/31 (19%)

Bat contact

No 54/176 (31%)
0.39 0.024 0.32 0.035

37/176 (21%)
0.41 0.078 0.27 0.052

Yes 9/61 (15%) 6/61 (10%)



Live Bird Market (Phnom Penh, Cambodia)





Advantages:
• Cost effective, Rapid
• Convenient, Flexible
• Wider net at high-risk 

interfaces
• Biosafety, biosecurity
• Animal welfare

Disadvantages:
• Sensitivity
• Sample types
• No individual level (meta/epi)data
• Bioinformatics
• PCR inhibition, sample degradation
• SOP

Environmental samples: pro and cons



Live bird swabbing vs. air sampling; qPCR vs. metagenomics

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

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

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 (slaughter area)

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 (H9N2)
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

qPCR: A/H5N1 qPCR: A/H9N2, A/H5N1

Influenza A Virus

Swabbing live birds Air sampling bird market



Conclusion and future plans

Improve/expand metagenomic data 
analysis
o Benchmark analysis pipelines with 

“Golden standard”
o Develop custom/standardized thresholds
o Visualize complex metagenomics data, 

/β diversity
o Feedback to 

OneCodex,GenomeDetective,CZID, EHA 

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)



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



FIELD 

BIOSAFETY 

LEVELS 1-4

RISK 
GROUP ANIMAL SPECIES ENVIRONMENT FBSL

1
Not known to be ideal 
for agents greater than 
WHO/NIH RG 1

1

2
Not known to be ideal 
for agents greater than 
WHO/NIH RG 2

2

3
Not known to be ideal 
for agents greater than 
WHO/NIH RG 3

3

4

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

Any risk group areas or a 
transient conditions 
known or suspected to 
be ideal for a WHO/NIH 
RG 4 agent

4





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 

• Dr. Wacharapluesadee, Dr. Opass

• Wuhan Inst. Virology (Zhengli Shi, Peng Zhou)

• Duke-NUS Singapore (Linfa Wang , Chee-Wah Tan)

• Pasteur Inst. Cambodge (Erik Karlsson; Jurre
Siegers)


