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Surveillance Program Timeline
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* USDA IAV Surveillance System in swine active since 2009 U S DA
* Virus isolates have HA and NA sequenced for all, WGS for all qualifying at NVSL — ,
* Sequences in GenBank and summary in octoFLUshow at flu-crew.org: ‘

*A/swine/lowa/A02524480/2020
* |solates available through USDA NVSL repository (~11,000 strains available):
*https://www.aphis.usda.gov/animal_health/lab_info_services/downloads/OrderinglAV-SRepositorylsolates.pdf
*Email your request to: nvsl.dvl.comm@usda.gov ; p D v
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Testing Streams & Repository

1. Case-compatible swine accessions submitted to the NAHLN system
* Pigs on farm exhibiting influenza-like illness
e >99% of samples in the surveillance program

2. Swine populations epidemiologically linked to a human case of 1AV

3. Swine exhibiting influenza-like illness (ILI) at commingling event
(auctions, markets, fairs, or other swine exhibition events).

Transitioning to Ct based threshold for all positive
samples- regardless of ILI status



‘ NAHLN | NVSL
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WGS Sample types in order of

. : preference
Typ":al case - ) 1. Lung tissue or homogenate
Sample with ¢ ) seDzF:;s(::* 2. Nasal Swab or Nasal wipe
FluA Ct<30 or ot . (avoid dry swabs or wipes)

. . - 3. Udder Wipes (avoid dry
virus isolate @ Forward sample wipes)
or isolate to NVSL 4. Oral Fluids
Deposit 5. Other tissues

sequence
\ / : What to forward to NVSL:

* 2x1.5mLcryovials per sample

* Include required metadata
OneHealth case Inventory for with notation of ILI where
repository. present

candidate _ . .
Repository candidates are typically

. selected based upon sequence
Atypical case

(\ Deposit sequence*
Case of other : : Propagate *FASTA upload and FASTQ deposit

interest - request - selections for to specified BioProject

NAHLN Forward materiallto repository
L NVSLwhere relevant
authorization

OR forward directly to NVSL




What IAV are predominant in the

U.S. swine population?

Number of samples

2021

Date of Reporting Year
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* USDA IAV Surveillance System in swine active since 2009

* Virus isolates have HA and NA sequenced for all, WGS for all qualifying at NVSL
* Sequences in GenBank and summary in octoFLUshow at flu-crew.org:

*A/swine/lowa/A02524480/2020
* |solates available through USDA NVSL repository (11,000 strains):

*https://www.aphis.usda.gov/animal health/lab info services/downloads/OrderinglAV-

SRepositorylsolates.pdf
*Email your request to: nvsl.dvl.comm@usda.gov

* Reports at: https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-

information/swine-disease-information/influenza-a-virus
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What is Influenza A Virus in Swine (IAV-S)

Last Modified: Nov 8, 2022 24 Print

There are three subtypes of influenza A viruses that are
commonly found in United States swine: HIN1, HIN2,
and H3N2. Most of the influenza viruses that circulate in
pigs are different from the ones that circulate in people.
However, pigs may occasionally become infected by
influenza viruses found in people or birds.

Influenza A Virus in Swine (IAV-S)

o Swine Influenza Surveillance Update (August 2012)
o Influenza Virus Surveiliance in S\.-/me"_ - Program Overview for Veterinarians (AASV)
o Producer Guide to Influenza Virus Surveillance in Pigs"_ (pdf)

Quarterly Surveillance Reports

FY2022 : 1st Quarter %, /2nd Quarter . / 3rd Quarter =%, / 4th Quarter %
FY2021 : 1st Quarter =% / 2nd Quarter <. / 3rd Quarter =%, / 4th Quarter =%,
FY2020 : 1st Quarter . / 2nd Quarter . / 3rd Quarter =% / 4th Quarter =%,
FY2019 : 1st Quarter =% / 2nd Quarter =%, / 3rd Quarter =%, / 4th Quarter =%,
FY2018 : 1st Quarter %, / 2nd Quarter . / 3rd Quarter =%, / 4th Quarter*%,
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Flu-crew at the National Animal Disease Center, USDA-ARS
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JAV-S Survelllance, Summary —
Q1FY24

« H1 (n=221), H3 (n=96)
* 7 H1 clades and 5 H3 clades were detected
H1-1A.1.1.3, H1-1A.3.3.3-c3, and H1-1B.2.1 represented 60.9% of all HA detections
H3-2010.1 and the H3-1990.4.a represented 28.4% of all HA

« HA clade changes over the last year
H1-1A.1.1.3 (+6.7%), H1-1B.2.1 (+2.9%), H3-2010.1 (+2.2%)
H3-1990.4.a (-4.8%), H1-1A.3.3.3.-c3 (-3.8%)
« N1 (n=124)
N1-C.3.2 represented 70.2% of N1 collections
* N2 (n=193)
N2-2002B represented 57.0% of N2 collections

 The most common constellations were TTTPPT (74.4%), TTTTPT (11.2%), and
TVVPPT (4.6%)

2024 - OFFLU Swine Influenza virus Technical Meeting




HA Clade

HA/NA pair frequency over the last year

Percentage of HA and NA combinations — J an 2023 to Dec 2023
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Total HA & NA combinations — 975

Number excludes missing data and mixed strains for NA and HA genes



Change in HA/NA pairing from this year and last year

HA/NA percentage differences (Current [23Q2 to 24Q1] - Prior [22Q2 to 23Q1])
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Total HA & NA combinations — 975

Number excludes missing data and mixed strains for NA and HA genes 10



Jan 2023 — Dec 2023

M
=
M
A
'
-
R
o)
D
nd

Percentage of HA and NA combinations by Region
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IAV-S Survelllance - NADC Representative HA genes

A/swine/Ohio/A02861689/2023 OR491759
A/swine/lowa/A02861642/2023 OR480701
A/swine/lowa/A02861755/2023 OR597068
A/swine/Minnesota/A02978562/2023 OR862105
A/swine/lowa/A02861940/2023 OR957784
A/swine/Ohio/A02978544/2023 OR636694
A/swine/lowa/A02861814/2023 OR677861

H1-1B.2.2.2
H1-1B.2.1
H1-1A.3.3.2
H1-1A.3.3.3-c3
H1-1A.1.1.3
H3-1990.4.a
H3-2010.1

July 2023 to December 2023 USDA HA data downloaded (n = 352 H1, n = 150 H3) and a phylogenetic
tree was inferred. For each HA clade, an objective representative selection was made using PARNAS

(https://qithub.com/flu-crew/parnas).

Clades were required to have a detection rate of at least 2% to be considered for selection (n >= 11).
Omitted H1-1B.2.2.1 (n=1), H1-1A.3.3.3-c1 (n=3), H3-1990.4.i (n=1), H3-1990.4.b1 (n=1),

H3-1990.4.b2 (n=1), H3-1990.4 (n=3), H3-2010.2 (n=5)

The 5 H1 selections cover 88% of observed diversity; the 2 H3 selections cover 55% of observed

diversity.


https://github.com/flu-crew/parnas

IAV-S Survelllance - NADC Representative NA genes

A/swine/Indiana/A02861883/2023 OR792155
A/swine/lllinois/A02861792/2023 OR622891
A/swine/Minnesota/A02861972/2023 OR957825
A/swine/lowa/A02861925/2023 OR840638
A/swine/lowa/A02862126/2023 PP103633
A/swine/Missouri/A02978597/2023 OR862333

N1-P
N1-C.2.1
N1-C.3.2
N2-2002B
N2-1998B

N2-2002A

July 2023 to December 2023 USDA NA data downloaded (n = 189 N1, n = 313 N2) and a phylogenetic
tree was inferred. For each HA clade, an objective representative selection was made using PARNAS

(https://qithub.com/flu-crew/parnas).

Clades were required to have a detection rate of at least 2% to be considered for selection (n >=9).

Omitted N1-C.3.1 (n=7), N2-2002 (n=1), N2-2016 (n=6), N2-LAIV (n=3)

The 3 N1 selections cover 75% of observed diversity; the 3 N2 selections cover ~64% of observed

diversity.
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https://github.com/flu-crew/parnas

HA
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PB2
PB1
PA
NP

NS

Whole genome patterns over the 12 months

Gene Constellations for Jan 2023 to Oct 2023 (n=653)
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HA and NA Phylogenetic Clade Pairs

653 strains with WGS in total (38.9% are H1N1, 30.5% are H1N2, 30.5% are H3N2 and 0.1% are H3N1)

13 unique gene constellations

35 unique HA/NA pairs
Most frequently detected constellations were TTTPPT (74.4%), TTTTPT (11.2%), and TVVPPT (4.6%)

Internal gene constellation in the order of PB2-PB1-PA-NP-M-NS on y-axis: T=TRIG; P=Pandemic; V=Vaccine; H=Human-seasonal



NP phylogenetic—clade by month
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* incomplete data from November 2023 to December 2023



Novel spillovers detected in surveillance program

Barcode Date Strain H3 N2 Constellation
A02216473 2016-11-14 A/swine/North_Carolina/A02216473/2016(H3N2) other-human
A02155577 2018-01-09 A/swine/lllinois/A02155577/2018(H3N?2) other-human
A02478581 2019-04-22 A/swine/Virginia/A02478581/2019(H3N2) other-human human seasonal HHHHHH
A02478737 2019-06-28 A/swine/Michigan/A02478737/2019(H3N?2) other-human human seasonal HHHHHH
A02478738* 2019-08-29 A/swine/Virginia/A02478738/2019(H3N2) other-human human seasonal HHHHHH
A02751184 2022-11-07 A/swine/North_Carolina/A02751184/2022(H3N2) other-human
A02751292 2022-12-01 A/swine/Ohio/A02751292/2022(H3N?2) other-human
A02751330 2022-12-07 A/swine/North_Carolina/A02751330/2022(H3N2) other-human
A02751333* 2022-12-13 A/swine/North_Carolina/A02751333/2022(H3N2) other-human human seasonal HHHHHH
A02751500 2023-01-09 A/swine/North_Carolina/A02751500/2023(H3N2) other-human
A02524408 2023-01-13 A/swine/Missouri/A02524408/2023(H3N?2) other-human human seasonal
A02758600 2023-01-19 A/swine/Pennsylvania/A02758600/2023(H3N2) other-human human seasonal
A02758601 2023-01-26 A/swine/lllinois/A02758601/2023(H3N?2) other-human 2002B
A02758605 2023-02-07 A/swine/Missouri/A02758605/2023(H3N?2) other-human human seasonal
A02758604 2023-02-17 A/swine/Indiana/A02758604/2023(H3N2) other-human
A02758606 2023-04-26 A/swine/Colorado/A02758606/2023(H3N?2) other-human human seasonal
A02758607 2023-05-01 A/swine/North_Carolina/A02758607/2023(H3N2) other-human human seasonal
A02758608 2023-05-10 A/swine/Colorado/A02758608/2023(H3N2) other-human human seasonal
A02758609 2023-05-11 A/swine/Colorado/A02758609/2023(H3N2) other-human human seasonal
A02758610* 2023-05-22 A/swine/North_Carolina/A02758610/2023(H3N2) other-human human seasonal HHHHHH

*Available in Repository

* other-human represents novel human-to-swine spillovers from the 2022-23 human seasonal H3 flu season
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Contemporary Global H1 swine IAV: genetic diversity

H1 1A swine genetic
clades

@ 1A.3.3.2 (pdm)

@ 1A3.33-c3

® 143331

Qa2

@ A2

@ A113

@ A5

H1 1B swine genetic

clades

®1B.21
1B.2.3
1B.2.2.2
1B.2.2.1
1B.2.4

H1 1C swine genetic

clades
®1c22
1C.2.3
®icas ‘g
®icz21 y
1C2.4 |

®1B25
®B2s
@®B1.12
@111
@12

TqLd
gi

n=512, data deposited within last 6 months.
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Contemporary Global H3 swine IAV: genetic diversity

H3 swine genetic clades

. Other-Human-2020
3.2010.2

@ other-Human-2010
3.2010.1

@ 320003

® 320004

@ 3.2000.5

@ Other-Human-2000
@ 3.19905

@ 3.1990.4.a

@ 3.1990.4.

@ 3.1990.4.c

@ 3.1990.40b

@ 3.19904

@ 3.1970.1

Human vaccine -

or seasonal "—d:" L

fos

i

n=173, data deposited within last 6 months, and n=55 reference genes.

Over 680 swine influenza detections from 39 lineages in 24 countries.

| 2020s

2010s

2000s

1990s

| 1970s



Swine H1
geographic distribution

* 22 clades were H1 subtype, with detections
from: 1A classical swine lineage (7 clades); 1B
human-seasonal lineage (10 clades); and 1C

Eurasian avian lineage (5 clades).

* The 1A classical swine lineage viruses have global
detection: 1A.1.1.3 in USA and Canada; 1A.2 in
Canada; 1A.3.3.3-c1in USA; 1A.3.3.3-c3inUSAand =
Canada; 1A.5.1 in Japan. The 1A.3.3.2 (pdm09)
circulated in all countries that deposited sequence

(5 countries). Iy . ..'l L_ l' M |

* 1B.1 human seasonal lineage was only in Europe,
and the 1B.2 human seasonal lineage was only in
the Americas.

* The 1C.2 Eurasian avian lineage was detected in
Europe. Additional detections of 1C.2 were reported
in Asia outside the reporting period of Jan 1 — June
30, 2023.

* Diversity, detection frequency in swine, and HIN2v
in the United Kingdom warranted new
nomenclature: 1B.1.1.1, 1B.1.1.2, and 1B.1.1.3.

* Undersurveilled regions reported novel clades
including: 1A.1.2 (Cambodia), 1B.2.3 (Brazil),
1B.2.4 (Brazil), 1B.2.5 (Chile), and 1B.2.6 (Brazil).
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Swine H3
geographic distribution

&

* 12 H3 clades were detected in swine in 8
distinct lineages grouped by the decade of 2 &
introduction (1970.1; 1990.4; 1990.5; 2000.3;
2000.4; 2000.5; 2010.1; 2010.2) and 3 novel
human seasonal spillovers (Other-Human-

2000, Other-Human-2010, Other-Human- = @) :”

2020). el I

* Most lineages exhibited regional circulation: the i |r | :l,,oii
1970.1 lineage in Italy; the 1990.5 lineage in Brazil; I | | I [ I 20101
the 2000.4 in Cambodia; the 2000.5 lineage was i o i I ! I I| i |I l i | h o

B other.Human.2020

detected in Japan; and the 2010.2 lineage was
detected in the USA.

* The remaining lineages demonstrated broader
distributions: the 1990.4 lineage was detected in ‘
the USA and Canada; and the 2010.1 lineage was e @
detected in the USA and Canada. - ® o O [ REU%
* Regionally restricted lineages had new detections :1"::
outside of prior geography: 2010.1 (Canada); @ B 1502
2000.3 (Netherlands). I 15%04c
* Undersurveilled regions reported an ® : oy
uncharacterized lineage, 2000.4 (Cambodia). = & W s
Novel human-to-swine spillovers were detected in T I v
Brazil (Other-Human-2000), the Ukraine (Other- h = ==
Human-2010), and Germany and Chile (Other- 'I - =x 20102
Human-2020). : ¥ '-" 20 1 monnnan

i B Other-Human-2020



H1
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Participation
outside of
USA

Strains collected in the last 6 months
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April 1, 2024—A person in the United States has tested positive for highly pathogenic avian influenza (HPAI) A(HSN1)
Get Email Updates virus ("HSN1 bird flu”). as reported by Texas and confirmed by CDC. This person had exposure to dairy cattle in Texas
presumed to be infected with HPAI A(HSN1) viruses. The patient reported eye redness (consistant with conjunctivitis), as
Latest N ews To receive email updates about their anly symptom, and is recovering. The patient was told to isolate and is being treated with an antiviral drug for flu.
this page, enter your email This infection does not change the H5N1 bird flu human health risk assessment for the U.5. general public, which CDC
considers to be low. However, people with close or prolonged, unprotected exposures to infected birds or other animals
(including livastock), or to environments contaminated by infected birds or other animals, are at greater risk of infection.
CDC has interim recommendations for prevention, manitoring, and public health investigations of HPAI A(H5N1) viruses.
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4/01/24 USDA Confirms Highly Pathogenic Avian Influenza in Dairy Herd in New Mexico CDC is working with state health departments to continue to monftor workers who may have been in cantact with
What's this? infected or potentially infected birds/animals and test those people who develop symptoms. CDC also has
recommendations for clinicians on monitoring, testing, and antiviral treatment for patients with suspected or confirmed
3/29/24 USDA, FDA and CDC Share Update on HPAI Detections in Dairy Cattle avian influenzs A virus infections.
This is the second person reported to have tested positive for influenza A[H3M1) viruses in the United States. A previous
Connect with CDC human case occurred in 2022 in Colorada. Human infections with avian influenza A viruses, including A(HSN1) viruses,
95 - = x C c = Media are uncommeon but have occurred sporadically worldwide. CDC has been monitaring for illness among people exposed
3/25/24 Fede’ al and State Vetel Inar y' PUblIC Health AgenCles Shaf e Update on HPAI to H5 virus-infected birds since outbreaks were first detected in U.S. wild birds and poultry in late 2021. Human ilinesses
- - - . with H5N1 bird flu have ranged from mild (e.g., eye infaction, upper respiratory symptoms) to severe illness (e.g.,
DeteCtlon in Kansas' Tean Dalry He[ ds Subecribe fo Ros Feede pneumenia) that have resulted in death in other countries.
F Subscribe to email
”@ Syndicate on Your Site H5 bird flu is widespread among wild birds in the U.S. and globally. These viruses also have caused outbreaks in
— commercial and backyard poultry flocks, and sporadic infections in mammals. HPAI in dairy cows was first reported in

Texas and Kansas by the U.S. Department of Agriculture (USDA) on March 25, 2024 . Unpasteurized milk from sick
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