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Institut Pasteur
du Cambodge

PASTEUR NETWORK

INSTITUT PASTEUR DU CAMBODGE - Virology Unit | 1996-2024

28 years of
surveillance at
the animal-
human
interface



AGRICULTURAL
DISEASES

Newcastle Disease
Avian

Coronaviruses

Influenza

COMP ANION
ANIMALS

Rabies
Influenza

What are we already looking for? Some examples...

BAT-BORNE
DISEASES

Nipah
Filoviruses
Coronaviruses
Paramyxoviruses
Astroviruses

Influenza

HUMAN
DISEASES

Retroviruses
Enteroviruses
Papillomavirus
Hepatitis

Influenza

RODENT-BORNE
DISEASES
Arenavirus
Hantavirus
Hepatitis E

Influenza

SWINE DISEASES

African Swine
Fever
Japanese
Encephalitis

Influenza

o
Institut Pasteur
du Cambodge

PASTEUR NETWORK

VECTOR-BORNE
DISEASES

Zika

Dengue
Chikungunya
Malaria
Rikettsial
Pathogens

OTHER ZOONOTIC,
EMERGING, AND
UNKNOWN
PATHOGENS

mPox

Acute Hepatitis
Wildlife Diseases
Influenza



Farly Warning: we need to get ahead of endemic
and emerging diseases at high-risk interfaces

ANTICIPATE

Ability to understand risks of
disease emergence and determine
potential hotspots

PREVENT

Ability to actively reduce and/or
protect against diseases before
they emerge

\/

DETECT

Ability to quickly detect emerging
diseases to prevent and/or slow
down potential spread

RESPOND

Ability to quickly react and break
the chain of transmission
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High-risk
interfaces
require active
surveillance.




...but active
surveillance
1s costly and
time
consuming




...and often 1t

1s not always

in the easiest
of places




Environmental Samples present a viable option to improve Early Warning for avian influenza at high-risk interfaces

The ability to use environmental samples for in-field diagnostic surveillance and discovery would not only
increase surveillance capacity, but also contribute to our understanding of new or emerging pathogens at high-risk

interfaces

SPEED COMPREHENSIVENESS BIOSAFETY ANIMAL WELFARE COST
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o Sampling in wild
and captive
animals




...and even remote




Does 1t work?



Detection of AIV in paired poultry and air samples in a Cambodian LBM by qRT-PCR

. Air samplers

Bird Cages

l Food Stands

Orussey Market,
Cambodia

Live Bird Market

Food Sales

Slaughter

40

38

36

34

32

30

28

26

24

22

20

QRT-FCR CT VALUE
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BUT IT’S NOT JUST ABOUT THE SAMPLES...

Development of
rapid, field-forward
diagnostics
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Integrated Indexing for Rapid Genomic Surveillance in Humans and Poultry



Integrating indexing and real-time bioinformatics to decrease turnaround times

Enabling rapid genomic surveillance allows for faster response...

&
ff & ajs «Pf ' zf b"g é‘éf f e‘)f §§ fa\& \*\g efg bge eeﬁé' e'“f ef :f'& § ,s"s?
SEFFST ST sdey
Illumina: Nextera XT 90 —09 -3
Tailed priming enables one step RT-PCR indexing ONT: 1D with Multiplexing @—() L ~10h
Incorporation of A-tailing and end repair in PCR ONT:'D'"tegmed'"dw"gagmmmgn - m e .WMO ....:,s? 7

Single final step with ONT ligation reagents

Bioinformatics are laptop-deployable and cloud-enabled
*Enables ultra-fast response timelines

*Reduces analysis bottlenecks

*Does not require internet connectivity

Raw data visualized by subtype in real-time

*Real-time subtype information

*Quick evaluation of historic reassortment events
*Explorable visualization to identify potential host origins

Can be expanded to other amplicon-based systems and even
to metagenomics




..and we can do it anywhere,
anytime, for anything...

Nanopore technology allows us to do rapid genomic surveillance in real-time with just a laptop



In Cambodia: 16 cases, 6 deaths (CFR = 37.5%)

=84

Phnom Penh

; Takeo
. Kampot

17 cases of A/H5 in the GMS since Feb 2023, 7 deaths (CFR = 41.2%)

Human A/HS cases in the Greater Mekong Subregion 2023-2024
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Human A/HS5 cases in the Greater Mekong Subregion 2023-2024

Sep. 2024

Aug.
Jul.

Jun,

Khmer New Year
[ ]

=ile—+

Vietnam

Chinese New Year

o Feb.

Jan. 2024

Bon Om Touk. Dec.

Nov.

Pchum Ben
o

Oct.
Sep.
Aug.

Jul.
Jun.

May

Khmer New Year
°

Apr.
Mar.
Chinese New Year Feb.

Jan. 2023

nk{

Apr.

Mar.

=

f’c*

1005 A/duck/Vietnam/H|
Alchicken/Cambodia/14/:

mZ

121
Alchlcken/C mbodla/ 01 18%
ambodlab 27!
A/duck/Cambodla/ZQZG 53M1/21

A/Chicken/Cambodia/i4PV2; T/2024|2024 01-03
A/Chlcken Cambo |a/|4PV % 5)242 24-01-03

aca VChicken/Cambodi/ 29C21] 024|2024 01-03
mbodial

:2‘:27 Duck?Cambodlal|080121‘)1/2024|2024—07 30

K

A/Duck/Cambodia/i5K241D6T/2024]2024-01-31
w &
Country

Cambodia

% slchicken/Cambodia/W47h1PPOreu2
% A/Duck/C; mbod|alW47h1PPOreu24
Laos A/Duck/ ambodla/|7K241_D5T/2024g20 4-0);
[ vietnam #*AlChicken/Cambodia/h1

Other FA/Cambodial2310209/202

Host
Chicken
Duck A/Chlcken/Cam bodla/|4

P
[l Human A/CGhicken/Cambodia/W47
Other A/Ch!cken/Cambodel\Nq71

%2 99A/D ck/Cambodla/\N4l7 1P%Chbza241D1OCZ

A/Chlcken/Cambod|a/|4 1

A/Duck/Cambodia/i6T. 241 18'5(202\;&\)2 24—02—06

Alenvironment/Cambodia 1 /]

el e,
ck/Cambodia,

1 A/éJuckl ambodia/W47h1T241D1 620%3 2023 11 24

a7 —*Alchicken/Cambodia/i01292 512024 1202

99
95 g7,

7-12
3 8% 1
1/202412024-01-03

T1/2023|2023-11-24
4 41

%

o

c

[=]

.

<

"D

=1

o

3
=70
&5

=

S

3

)

19

(IJ

S

e

O

O
ISUN]
oxIN
DS
oSS
°°Nw
)

% A/d C935/2

I “aduolaos\ FA80561/§022 %2 %J
A/d COO%11/2 2212022-02-

A/du aos L2720 dOO -1

10 1756/ I_2021 72063 2020|202 10-

8|19|2 18 0 Jsck/ ambodia/h7PPQreu241D81/2023|2023-04-10
u i U -04-

& Duck/Cambodia/h8PP hba241D9Tl2021£

100 100

1 Alduck/Cambodia/h2

I A/crw(en%%mb%%déa/glgp G /2022
| |

Duck/CambodlalgﬁPPChbaM D9TIZOE

) UﬁkICamé)od|a/h4P Chba?

100 Alchicken/Vietnam/Raho7-7-23-2
&7 A/duck/Cambadialg

A/ducleambod|a/ 16K24
uck/Cambodia/f4k241D272021]2!
2020[2020-10-16

2 15}
/
0
it

d

[2121]

02/20
5
n

2
2

Lao:
728%7—01—27
2015~ 12—28

3/20/2015]2015-07-27

1
CI icken/Gha

Alduck/Vietnam/NCVD-1584/2012[2012-07-27 0.005

**All cases can be genetically
linked to infected poultry (when
available) indicating direct
poultry-to-human transmission
with no evidence of human-to-
human spread

Lineage B

Lineage A



Viruses in Lineage B are reassortments between 2.3.2.1c and 2.3.4.4b

2.3.4.4b is known to reassort into numerous genotypes

Lineage A

Lineage B

2.3.4

ﬁ Minor clade




Multiplex
integrated index
pan-viral family
assays




Generation of Viral Pan-family Integrated Index Primers (PiiP)

Integration of IAEA/FAO Pan-family primers with integrated Nanopore indexed barcodes

Panvwa! Panvwd ONT Index D
Forward primer Reverse primer > Y
\o/ \( 0
L [ -
Target sequence v
Index
flanking
sequences
PiiP Panviral
) .
ﬂ ONT Index Forward Primer Reverse primer
Nopa'a
-G TTTTTTTTIT
L V J
Index
flanking
sequences
PiiP . Panviral
i ONT Index Forward Primer Reverse primer
O 7 \o/ ‘
b O
L ]
In&;x Target sequence
flanking
sequences
Ady

tor

/'70’@)( Panviral Panviral
Forward primer reverse primer

T Index

— \
Leading
and Tailing
flank
/‘/ \\\\
-~ .

[ Barcodeo‘j [ Barcodeoﬁ [ Barcodeoﬁ




Generation of Viral Pan-family Integrated Index Primers (PiiP)

Saves time AND money..

Original SOP

000900 0 00

o

-@

Modified PiiP
SOP

@ Major Nanopore sequencing protocol steps

@® Standard Operational Protocol steps



Will P1iP primers work for multiple viral families in the same tube?
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Will P1iP primers work for multiple viral families in the same tube?
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Can we combine
ES with
Metagenomics for
even more rapid
information




Metagenomics to increase the utility of Environmental Sampling at high-risk interfaces

Metagenomic surveillance can uncover known and novel threats, provide Early Warning,and give a
comprehensive picture of microbial ecology as it relates to infectious disease emergence and transmission.
Integrating metagenomics into surveillance systems could improve prediction and prevention of zoonotic
outbreak

UNBIASED BROAD
Reduces bias compared to pathogen-specific Can identify geographic hotspots,seasonal patterns,
diagnostics and directionality of pathogen transmission between

animals and human

PATHOGEN DISCOVERY

Can identify all microbes present in a sample,

DYNAMIC

Can obtain information on both pathogens and hosts

including novel or unexpected pathogens - enables

early detection of pathogens of concern and new within an environement

zoonotic threats before outbreaks oc

FUNCTIONAL

Can identify microbial genes involved in

pathogenesis, resistance,and persistance



Can NGS on Environmental
Samples perform equal or better
to "gold standard” PCR?



Can we use NGS to detect viruses in ES from
the live bird market?

Is NGS comparable to qRT-PCR on ES and
poultry samples from live bird markets?

Are ES samples able to effectively replicate
what is detected in poultry in the live bird
market?




Can we use NGS to detect viruses in ES from
the live bird market?

YES

Is NGS comparable to qRT-PCR on ES and
poultry samples from live bird markets?

YES — with caveats: need to define standards, how

should the data be interpreted?, segmented viruses, etc...

Are ES samples able to effectively replicate
what is detected in poultry in the live bird
market?




Are ES samples able to effectively replicate what is detected in poultry in the live bird market?

Majority of Taxa in Avian Samples Also Detected in Environment at Each Visit

Chicken Chicken Duck Duck Air Air Air Wash Drinking
Throat  Cloacal Throat Cloacal Slaughter HoldingOutside Water Water Cage

Market
Visits

1

High 12
Prevalence
Shared Taxa

Ranked
RPM




Are ES samples able to effectively replicate what is detected in poultry in the live bird market?

Majority of Avian Viral Contigs Map to Environmental Contigs
Ay

icken HO . ok o
c'?hr‘:at 'ld'lng
O el
ezf’,@} Dk
‘b puck
& Cloacal
P tage (%) of 2
ercentage (%) o A
Avian Viral B, . . . .
Contigs Mapping %‘ Slaughter Holding Outside Water Waterg Cage
to Environmental
Contigs .
sk
2 100% 50% 0%
A}
2 8.
(L)
=" a
‘5
& 1@
Ny
vy
R4
\‘b Air Air Air Wash Drinking
6 Slaughter Holding Outside Water Water Cage

Cage



Are ES samples able to effectively replicate what is detected

Avian Influenza H5 HA Accurately Detected in Both Poultry and ES Samples

in poultry in the live bird market?

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

A/Enviror |/Air/Cambodia/Phnom_Penh/E56/2022-12-23
A/Environmental/Air/Cambodia/Takeo/E83/2023-01-19
A/Environmental/Wash_Water/Cambodia/Takeo/E81/2023-01-19

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

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/Ruddy_shelduck/Korea/21WC127/2022 | EPI_ISL_18373231| H5N1|2.3.4.4b]| 2022_01_25|HA
A/Environmental/Cage/Cambodia/Takeo/E93/2023-03-07

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

A/Environmental/Air/Cambodia/Takeo/E95/2023-03-07
A/Environmental/Wash_Water/Cambodia/Takeo/E81/2023-01-19

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

>

A/Enviror |/Cage/C /Takeo/E93/2023-03-07

A/Environmental/Cage/Cambodia/Takeo/E92/2023-03-07
A/Environmental/Wash_Water/Cambodia/Takeo/E91/2023-03-07
A/Duck/Cambodia/Phnom_Penh/E52/2022-12-23
A/Environmental/Wash_Water/Cambodia/Phnom_Penh/E53/2022-12-23
A/Duck/Cambodia/Phnom_Penh/E50/2022-12-23
A/Environmental/Air/Cambodia/Taeko/E84/2023-01-19
A/Duck/Cambodia/Phnom_Penh/E98/2023-03-10
A/Duck/Cambodia/Phnom_Penh/E2/2022-01-27
A/Duck/Cambodia/Phnom_Penh/E9/2023-03-10
A/Duck/Cambodia/Phnom_Penh/E98/2023-03-10
A/Duck/Cambodia/Phnom_Penh/E98/2023-03-10
A/Environmental/Drinking_Water/Cambodia/Phnom_Penh/E98/2023-03-10
A/Duck/Cambodia/W47h1T241D20T/2023 | EPI_ISL_19025572| H5N1|P2e2| | 2.3.2.1c| 2023_11_24|HA
A/duck/Laos/C794/2023 | EPI_ISL_18561191|H5N1|OR| |2.3.2.1c| 2023_03_03|HA
A/duck/Cambodia/Z564W35M1/2015 | EPI_ISL_327637| H5N1|2.3.2.1c| 2015_08_24|HA
A/duck/Vietnam/HU5_1574/2016| EPI_ISL_295816|H5N1|2.3.2.1c|2016_08_15|HA
A/chicken/Cambodia/Z57W9M3/2015 | EPI_ISL_321118| H5N1|2.3.2.1c| 2015_02_24|HA
A/duck/Laos/Xiengkhouang01/2019 | EPI_ISL_1290865 | H5N1|2.3.2.1c| 2019_02_22|HA
A/environment/Changsha/14/2014| EPI_ISL_256285|H5N1|2.3.2.1c|2014_02_08|HA

Subtype

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

A/Environmental/Cage/Cambodia/Takeo/E92/2023-03-07
A/Duck/Cambodia/Phnom_Penh/E110/2023-04-06 .
. Air
A/Environmental/Air/Cambodia/Phnom_Penh/E118/2023-04-06
A/goose/Poland/H1044_21RS1385_4/2021|EPI_ISL_3102063 | H5N8| clinical_sample|2.3.4.4b|2021_05_05|HA
A/mute_swan/Czech_Republic/3549/2021| EPI_ISL_1399237 | H5N8 | original | | 2.3.4.4b| 2021_02_19|HA
Not Detected
A/mallard/Italy/20VIR7139_73/2020 | EPI_ISL_654958| H5NS|c1] |2.3.4.4b]2020_11_14|HA

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

. 2.3.4.4b Detected

Takeo

‘ Phnom Penh

Drinking Water ' Duck Wash Water . Cage

Location
Sample Type
2.3.4.4b

2.3.2.1c

J\ Reference Sequence

A/chicken/Germany/Al02543/2021 | EPI_ISL_5142894|H5N8|2.3.4.4b|2021_03_10|HA

. 2.3.2.1c Detected ‘“——y—\

27-01-2022
A/curlew/France/21P003648/2021 | EPI_ISL_1259397 |H5N3|2.3.4.4b|2021_01_22|HA

S

10-04 10-03 19-01-2023 27-01-2023
2023 2023

L4 L {

23-12-2022 19-01-2023 New Sequence



Can we use NGS to detect viruses in ES from
the live bird market?

YES

Is NGS comparable to qRT-PCR on ES and
poultry samples from live bird markets?

YES — with caveats: need to define standards, how

should the data be interpreted?, segmented viruses, etc...

Are ES samples able to effectively replicate
what is detected in poultry in the live bird

market?
YES — with caveats: may need to take multiple ES

sample types, etc...




Air Samples Feces, Urine, Organs

Targeted , . y ! ,
Metagenomics
in ES samples
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Comparison of air samples . 3 o ., . .
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—~ T e ! : SEafeel are detected in
Z .. " 8 feces, urine,
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Thank You

Y.
Institut Pasteur
du Cambodge

PASTEUR NETWORK

Research and Reponse at IPC would not be possible without these funders, partners, and collaborators and many others

ekarlsson@pasteur-kh.org

\)
(&) i
; 4 @> Y A/N Food and Agriculture
Bl LLC&MEUND/; . T f\‘/o Organization of the
ATES foundation IAEA ]/ United Nations

J’fﬁé;
47”
k

5
> «x\
’47vrm EE0

St. Jude Childrens
Research Hospital
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@E_A_Karlsson

@eakarlsson.bsky.social

World Organisation
for Animal Health
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SingHealth DukeNUS
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How much will 1t cost me?



Every second counts between detection and response

..and the cost of an outbreak goes up every second after spillover

INITIAL SETUP TESTING/VISIT/SITE

Purchase of air samplers and in-field testing equipment, sequencer, and Cost for reagents, field mission, testing, etc...for each visit at each site
laptop, etc..

$35,500 $5,000

TRAININGand SUPPORT | PREVENTINGPANDEMICS

Costs for international training, backstopping visits, etc... ..and potentially many, many other human and animal diseases

$45,000 PRICELESS
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