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Surveillance Program Timeline

2008 2009 2010 2012 2014 2015 2016 2018

April 2010: Anonymous 
stream added; 

Participation increases; 
Surveillance broadened 

to look beyond 
pdmH1N12009

March 2014: 
Matrix Ct cutoff 

values 
established for 
VI (swabs ≤30, 

OF ≤35); limit OF 
samples

CDC/APHIS/ 
ARS 

collaboration 
to begin pilot 

IAV-S 
Surveillance 

Program

Pandemic 
H1N1 

Outbreak

June 2009: 
Federal funding for IAV-S 
surveillance; 2008 draft 
modified for the 2009 

H1N1 pandemic

Algorithm changes:
Added subtyping PCR; Only one 
unique subtype selected for H, 

M, N sequencing (previously two 
per herd); allow OF samples

External 
review of 

surveillance 
program

Stakeholders 
meeting; 
algorithm 

changes for 
efficiency

Added nasal 
wipes as an 
approved 

sample type

2023 2024

WGS of all 
virus isolates 
received in 
repository

Shift to sequence 
focused 

surveillance

• 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/Iowa/A02524480/2020

• Isolates available through USDA NVSL repository (~11,000 strains available):
•https://www.aphis.usda.gov/animal_health/lab_info_services/downloads/OrderingIAV-SRepositoryIsolates.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 

https://www.aphis.usda.gov/animal_health/lab_info_services/downloads/OrderingIAV-SRepositoryIsolates.pdf
mailto:nvsl.dvl.comm@usda.gov
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/swine-disease-information/influenza-a-virus


Testing Streams & Repository

1. Case-compatible swine accessions submitted to the NAHLN system
• Pigs on farm exhibiting influenza-like illness

• >99% of samples in the surveillance program

2. Swine populations epidemiologically linked to a human case of IAV

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

Typical case
Sample with 
FluA Ct≤30 or 
virus isolate

WGS

Deposit 
sequence*

Forward sample 
or isolate to NVSL

OR forward directly to NVSL

Sample types in order of 
preference
1. Lung tissue or homogenate
2. Nasal Swab or Nasal wipe 

(avoid dry swabs or wipes)
3. Udder Wipes (avoid dry 

wipes)
4. Oral Fluids
5. Other tissues

What to forward to NVSL:
• 2 x 1.5mL cryovials per sample
• Include required metadata 

with notation of ILI where 
present

Repository candidates are typically 
selected based upon sequence

*FASTA upload and FASTQ deposit 
to specified BioProject 

OneHealth case FORWARD to NVSL without delay

Atypical case
Case of other 
interest - request 
NAHLN 
authorization

WGS

Deposit sequence* 

with authorization

Forward material to 
NVSL where relevant

OR forward directly to NVSL

WGS

Deposit 
sequence

Inventory for 
repository 
candidate

Propagate 
selections for 

repository



• 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/Iowa/A02524480/2020

• Isolates available through USDA NVSL repository (11,000 strains):
•https://www.aphis.usda.gov/animal_health/lab_info_services/downloads/OrderingIAV-
SRepositoryIsolates.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 

What IAV are predominant in the 
U.S. swine population?

https://www.aphis.usda.gov/animal_health/lab_info_services/downloads/OrderingIAV-SRepositoryIsolates.pdf
https://www.aphis.usda.gov/animal_health/lab_info_services/downloads/OrderingIAV-SRepositoryIsolates.pdf
mailto:nvsl.dvl.comm@usda.gov
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/swine-disease-information/influenza-a-virus
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/swine-disease-information/influenza-a-virus


Q1 FY2024 (October-December)
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IAV-S Surveillance, 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%)
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Total HA & NA combinations – 975
Number excludes missing data and mixed strains for NA and HA genes

HA/NA pair frequency over the last year
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Change in HA/NA pairing from this year and last year
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Total HA & NA combinations – 975
Number excludes missing data and mixed strains for NA and HA genes
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n=113                            n=697                             n=84                              n=71                    n=10 

Regional Data:  Jan 2023 – Dec 2023
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Strain GenBank Global Clade

A/swine/Ohio/A02861689/2023 OR491759 H1-1B.2.2.2

A/swine/Iowa/A02861642/2023 OR480701 H1-1B.2.1

A/swine/Iowa/A02861755/2023 OR597068 H1-1A.3.3.2

A/swine/Minnesota/A02978562/2023 OR862105 H1-1A.3.3.3-c3

A/swine/Iowa/A02861940/2023 OR957784 H1-1A.1.1.3

A/swine/Ohio/A02978544/2023 OR636694 H3-1990.4.a

A/swine/Iowa/A02861814/2023 OR677861 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://github.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.

IAV-S Surveillance - NADC Representative HA genes

12

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


• 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://github.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.

IAV-S Surveillance - NADC Representative NA genes

13

Strain GenBank Global Clade

A/swine/Indiana/A02861883/2023 OR792155 N1-P

A/swine/Illinois/A02861792/2023 OR622891 N1-C.2.1

A/swine/Minnesota/A02861972/2023 OR957825 N1-C.3.2

A/swine/Iowa/A02861925/2023 OR840638 N2-2002B

A/swine/Iowa/A02862126/2023 PP103633 N2-1998B

A/swine/Missouri/A02978597/2023 OR862333 N2-2002A

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

NA

PB2

PB1

PA

NP

M

NS

• 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

Whole genome patterns over the 12 months
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* incomplete data from November 2023 to December 2023
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Novel spillovers detected in surveillance program

* other-human represents novel human-to-swine spillovers from the 2022-23 human seasonal H3 flu season

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/Illinois/A02155577/2018(H3N2) 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(H3N2) 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(H3N2) 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(H3N2) other-human human seasonal

A02758600 2023-01-19 A/swine/Pennsylvania/A02758600/2023(H3N2) other-human human seasonal

A02758601 2023-01-26 A/swine/Illinois/A02758601/2023(H3N2) other-human 2002B

A02758605 2023-02-07 A/swine/Missouri/A02758605/2023(H3N2) 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(H3N2) 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
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Over 680 swine influenza detections from 39 lineages in 24 countries.



• 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-c1 in USA; 1A.3.3.3-c3 in USA and 
Canada; 1A.5.1 in Japan. The 1A.3.3.2 (pdm09) 
circulated in all countries that deposited sequence 
(5 countries). 

• 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 H1N2v 
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).

Swine H1
geographic distribution



Swine H3 
geographic distribution

• 12 H3 clades were detected in swine in 8 
distinct lineages grouped by the decade of 
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). 
• Most lineages exhibited regional circulation: the 

1970.1 lineage in Italy; the 1990.5 lineage in Brazil; 
the 2000.4 in Cambodia; the 2000.5 lineage was 
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 
detected in the USA and Canada.

• Regionally restricted lineages had new detections 
outside of prior geography: 2010.1 (Canada); 
2000.3 (Netherlands).

• Undersurveilled regions reported an 
uncharacterized lineage, 2000.4 (Cambodia). 
Novel human-to-swine spillovers were detected in 
Brazil (Other-Human-2000), the Ukraine (Other-
Human-2010), and Germany and Chile (Other-
Human-2020).
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