
Overcoming Blind Spots in Pathogen Detection: 
Novel Sample Collection and Diagnostics for Endemic and Emerging Pathogen Surveillance
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BUT  IT ’S  NOT  J US T  ABOUT  T HE S AMP LES …

Dev e lop m en t  of 
r a p id , fie ld -for w a r d  
d ia gn os t ic s  



ONE HEALTH IN ACTION

In t e gr a t e d  In d e x in g  for  Ra p id  Ge n om ic  Su r v e il la n c e  in  Hu m a n s  a n d  P ou lt r y



In tegra tin g in dexin g an d rea l-tim e bioin form atics  to decrease tu rn aroun d tim es

Tailed pr im in g en ables  on e s tep RT-PCR in dex in g
In corpora tion  of A-ta ilin g an d en d repa ir in  PCR
Sin gle fin a l s tep w ith  ONT liga tion  reagen ts

 Bioin form a tics  a re laptop-deploy able an d cloud-en abled 
•En ables  u ltra -fas t respon se tim elin es
•Reduces  an a lys is  bottlen eck s  
•Does  n ot require in tern et con n ectivity

 Raw  da ta  v isua lized by  subty pe in  rea l-tim e
•Real-tim e subtype in form ation
•Quick  eva lua tion  of h is toric reassortm en t even ts
•Explorable visua liza tion  to iden tify poten tia l h os t origin s

Can  be ex pan ded to oth er  am plicon -based sy s tem s  an d even  
to m etagen om ics



…an d w e can  do it an yw h ere, 
an ytim e, for an yth in g…

Nan opore tech n ology a llow s us  to do rapid gen om ic surveillan ce in  rea l-tim e w ith  jus t a  laptop 



Hum a n A/ H5 c a s e s  in  the  Gre a te r Me ko ng  Subre g ion 2023-2024

Vietnam



Hum a n A/ H5 c a s e s  in  the  Gre a te r Me ko ng  Subre g ion 2023-2024

Vietnam

Lineage B 

Lineage A
 

direct 
poultry-to-human transmis s ion 
with no evidence of human-to-
human spread



Virus e s  in  Line a ge  B a re  re a s s o rtm e nts  be twe e n 2 .3 .2 .1c  a nd  2 .3 .4 .4b

Lineage A 

Lineage B 



MOVING FURTHER

Mu lt ip lex  
in t egr a t ed  in d ex  
p a n -v ir a l fa m ily  
a s s a ys



Gen er a t ion  of Vir a l P a n -fa m ily  In t egr a t ed  In d ex  P r im er s  (P iiP )



Gen er a t ion  of Vir a l P a n -fa m ily  In t egr a t ed  In d ex  P r im er s  (P iiP )

Original SOP

Modified PiiP 
SOP

Major Nanopore sequencing protocol steps

Standard Operational Protocol steps



W ill P iiP  p r im er s  w or k  for  m u lt ip le  v ir a l fa m ilie s  in  t h e  s a m e  t u be? 



W ill P iiP  p r im er s  w or k  for  m u lt ip le  v ir a l fa m ilie s  in  t h e  s a m e  t u be? 





MOVING EVEN FURTHER…

Ca n  w e  com bin e  
ES w ith  
Meta gen om ics  for  
ev en  m or e  r a p id  
in for m a t ion



M e t a g e n om ic s  t o  in c r e a s e  t h e  u t i l i t y  of En v ir on m en t a l  Sa m p lin g  a t  h igh -r is k  in t e r fa c es

Meta gen om ic s u rveilla n ce ca n  u n cover  k n ow n  a n d  n ovel th rea ts , p rovide Ea r ly  Wa rn in g, a n d  give a  
com preh en s ive p ictu re of m icrobia l ecology a s  it  rela tes  to in fect iou s  d is ea s e em ergen ce a n d  t ra n s m is s ion . 
In tegra t in g m eta gen om ics  in to s u rveilla n ce s ys tem s  cou ld  im prove pred ict ion  a n d  preven tion  of zoon otic  
ou tbrea k

UNBIAS ED
Reduces  bia s  com pa red  to pa th ogen -s pecific 
d ia gn os t ics

P ATHOGEN DIS COVERY
Ca n  iden t ify  a ll m icrobes  pres en t  in  a  s a m ple, 
in clud in g n ovel or  un expected  pa th ogen s  - en a bles  
ea r ly  detect ion  of pa th ogen s  of con cern  a n d  n ew  
zoon otic th rea ts  before ou tbrea k s  oc

BROAD
Ca n  iden t ify  geogra ph ic h ots pots , s ea s on a l pa t tern s , 
a n d  d irect ion a lity  of pa th ogen  t ra n s m is s ion  betw een  
a n im a ls  a n d  h um a n

DYNAMIC
Ca n  obta in  in form a tion  on  both  pa th ogen s  a n d  h os ts  
w ith in  a n  en viron em en t

FUNCTIONAL
Ca n  iden t ify  m icrobia l gen es  in volved  in  
pa th ogen es is , res is ta n ce, a n d  pers is ta n ce





Ca n  w e  u s e  NGS to d e t ec t  v iru s es  in  ES from  
th e  liv e  bird  m a rk e t?  

Are  ES s a m ples  a ble  t o e ffec t iv e ly  r ep lica te  
w h a t  is  d e t ec t ed  in  p ou lt ry  in  t h e  liv e  bird  

m a rk e t?

Is  NGS com p a ra ble  t o qRT-PCR on  ES a n d  
p ou lt ry  s a m p les  from  liv e  bird  m a rk e t s ? 



Ca n  w e  u s e  NGS to d e t ec t  v iru s es  in  ES from  
th e  liv e  bird  m a rk e t?  

Are  ES s a m ples  a ble  t o e ffec t iv e ly  r ep lica te  
w h a t  is  d e t ec t ed  in  p ou lt ry  in  t h e  liv e  bird  

m a rk e t?

Is  NGS com p a ra ble  t o qRT-PCR on  ES a n d  
p ou lt ry  s a m p les  from  liv e  bird  m a rk e t s ? 

YES

YES –  w it h  c a v e a t s : n e e d  t o  d e fin e  s t a n d a r d s , h ow  
s h ou ld  t h e  d a t a  be  in t e r p r e t e d ?, s e gm e n t e d  v ir u s e s , e t c …
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Subtype

Reference Sequence

New SequenceA/curlew/France/21P003648/2021|EPI_ISL_1259397|H5N3|2.3.4.4b|2021_01_22|HA

A/chicken/Germany/AI02543/2021|EPI_ISL_5142894|H5N8|2.3.4.4b|2021_03_10|HA

A/mute_swan/Czech_Republic/6654/2021|EPI_ISL_1399237|H5N8|original|2.3.4.4b|2021_02_19|HA

A/mallard/Italy/20VIR7139_73/2020|EPI_ISL_654958|H5N8|c1||2.3.4.4b|2020_11_14|HA

A/mute_swan/Czech_Republic/3549/2021|EPI_ISL_1399237|H5N8|original||2.3.4.4b|2021_02_19|HA

A/goose/Poland/H1044_21RS1385_4/2021|EPI_ISL_3102063|H5N8|clinical_sample|2.3.4.4b|2021_05_05|HA

A/Environmental/Air/Cambodia/Phnom_Penh/E118/2023-04-06

A/Duck/Cambodia/Phnom_Penh/E110/2023-04-06

A/Environmental/Cage/Cambodia/Takeo/E82/2023-01-19

A/Environmental/Wash_Water/Cambodia/Takeo/E81/2023-01-19

A/Environmental/Cage/Cambodia/Takeo/E92/2023-03-07

A/Environmental/Air/Cambodia/Takeo/E95/2023-03-07

A/Environmental/Wash_Water/Cambodia/Takeo/E91/2023-03-07

A/Environmental/Cage/Cambodia/Takeo/E93/2023-03-07

A/Environmental/Wash_Water/Cambodia/Takeo/E81/2023-01-19

A/Ruddy_shelduck/Korea/21WC127/2022|EPI_ISL_18373231|H5N1|2.3.4.4b|2022_01_25|HA

A/hooded_crane/Kagoshima/KU_40/2022_H5N1|EPI_ISL_18472621|H5N1|2.3.4.4b|2022_11_10|HA

A/Bean_goose/Korea/21WC279/2022|EPI_ISL_18373250|H5N1|2.3.4.4b|2022_03_04|HA

A/hooded_crane/Kagoshima/KU_40/2022_H5N1|EPI_ISL_18472621|H5N1|2.3.4.4b|2022_11_10|HA

A/environment/Changsha/14/2014|EPI_ISL_256285|H5N1|2.3.2.1c|2014_02_08|HA

A/duck/Laos/Xiengkhouang01/2019|EPI_ISL_1290865|H5N1|2.3.2.1c|2019_02_22|HA

A/chicken/Cambodia/Z57W9M3/2015|EPI_ISL_321118|H5N1|2.3.2.1c|2015_02_24|HA

A/duck/Vietnam/HU5_1574/2016|EPI_ISL_295816|H5N1|2.3.2.1c|2016_08_15|HA

A/duck/Cambodia/Z564W35M1/2015|EPI_ISL_327637|H5N1|2.3.2.1c|2015_08_24|HA

A/duck/Laos/C794/2023|EPI_ISL_18561191|H5N1|OR||2.3.2.1c|2023_03_03|HA

A/Duck/Cambodia/W47h1T241D20T/2023|EPI_ISL_19025572|H5N1|P2e2||2.3.2.1c|2023_11_24|HA

A/Environmental/Drinking_Water/Cambodia/Phnom_Penh/E98/2023-03-10

A/Duck/Cambodia/Phnom_Penh/E98/2023-03-10

A/Duck/Cambodia/Phnom_Penh/E98/2023-03-10

A/Duck/Cambodia/Phnom_Penh/E98/2023-03-10

A/Duck/Cambodia/Phnom_Penh/E9/2023-03-10

A/Duck/Cambodia/Phnom_Penh/E2/2022-01-27

A/Environmental/Air/Cambodia/Taeko/E84/2023-01-19

A/Duck/Cambodia/Phnom_Penh/E50/2022-12-23

A/Environmental/Wash_Water/Cambodia/Phnom_Penh/E53/2022-12-23

A/Duck/Cambodia/Phnom_Penh/E52/2022-12-23

A/Environmental/Wash_Water/Cambodia/Takeo/E91/2023-03-07

A/Environmental/Cage/Cambodia/Takeo/E92/2023-03-07

A/Environmental/Cage/Cambodia/Takeo/E93/2023-03-07

A/Environmental/Wash_Water/Cambodia/Takeo/E91/2023-03-07

A/Environmental/Wash_Water/Cambodia/Takeo/E81/2023-01-19

A/Environmental/Air/Cambodia/Takeo/E83/2023-01-19

A/Environmental/Wash_Water/Cambodia/Takeo/E81/2023-01-19

A/Environmental/Air/Cambodia/Phnom_Penh/E56/2022-12-23

2.3.4.4b

2.3.2.1c

Sample Type

Location

Phnom Penh Takeo

Air Drinking Water Duck Wash Water Cage

27-01-2022 23-12-2022 19-01-2023 27-01-202319-01-202310-03
2023

10-04
2023

Not Detected

2.3.4.4b Detected

2.3.2.1c Detected

Ar e  ES s a m p le s  a b le  t o  e ffe c t iv e ly  r e p lica t e  w h a t  is  d e t e c t ed  in  p ou lt r y  in  t h e  l iv e  b ir d  m a r k e t ?



Ca n  w e  u s e  NGS to d e t ec t  v iru s es  in  ES from  
th e  liv e  bird  m a rk e t?  

Are  ES s a m ples  a ble  t o e ffec t iv e ly  r ep lica te  
w h a t  is  d e t ec t ed  in  p ou lt ry  in  t h e  liv e  bird  

m a rk e t?

Is  NGS com p a ra ble  t o qRT-PCR on  ES a n d  
p ou lt ry  s a m p les  from  liv e  bird  m a rk e t s ? 

YES

YES –  w it h  c a v e a t s : n e e d  t o  d e fin e  s t a n d a r d s , h ow  
s h ou ld  t h e  d a t a  be  in t e r p r e t e d ?, s e gm e n t e d  v ir u s e s , e t c …

YES –  w it h  c a v e a t s : m a y  n e e d  t o  t a k e  m u lt ip le  ES 
s a m p le  t y p e s , e t c …





W h a ts  n ex t? 

Con t in u e  t o  
r e f in e …

De v e lop  
s t a n d a r d s

De v e lop  
d a t a  

s h a r in g  
m e t h od s

Sc a le  u p

Us e  t h e  
d a t a  fo r  
a c t ion







INITIAL SETUP
Purch ase of a ir  s am plers  an d in -field tes tin g equ ipm en t, s equen cer , an d 

laptop, etc..

TESTING/VISIT/SITE
Cost for  reagen ts , field m is s ion , tes tin g, etc… for  each  v is it  a t each  s ite

$5,000$35,500

TRAINING an d SUPPORT
Costs  for  in tern a tion a l tra in in g, back s toppin g v is its , etc… 

$45,000

PREVENTING PANDEMICS
…an d poten tia lly  m an y , m an y  oth er  h um an  an d an im a l diseases

PRICELESS

Every  secon d coun ts  betw een  detection  an d respon se
…an d th e cos t of an  outbreak  goes  up every secon d after spillover 
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