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ABSTRACT Influenza A virus (IAV) is passively surveilled in swine in the United States
through a U.S. Department of Agriculture administered surveillance system. We present
an interactive Web tool to visualize and explore trends in the genetic and geographic
diversity of IAV derived from the surveillance system.

Influenza A virus (IAV) is a negative-sense, single-stranded, enveloped RNA virus of the
Orthomyxoviridae family. Subtypes H1N1, H1N2, and H3N2 are endemic in swine in the

United States, and the major surface proteins, hemagglutinin (HA) and neuraminidase
(NA), exhibit significant genetic and antigenic diversity (1). The other 6 internal gene segments
also display genetic diversity (2, 3). There are 6 HA evolutionary lineages, 5 NA evolutionary
lineages, and 3 internal gene evolutionary lineages in U.S. swine IAV. Within each of these
lineages, multiple genetic clades cocirculate and are the result of bidirectional transmission
between humans, avian species, and swine, followed by periods of antigenic drift and shift in
the swine host.

In the United States, IAV in swine is passively monitored through a U.S. Department of
Agriculture (USDA) administered surveillance system. The system was established in 2009 (4)
and has since tested over 178,000 samples from more than 55,000 swine diagnostic submis-
sions, resulting in more than 9,000 publicly available virus isolates and genetic sequences
(https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/swine
-disease-information/influenza-a-virus). When initiated, the hemagglutinin (HA), neuramini-
dase (NA), and matrix (M) genes were sequenced from IAV-positive diagnostic case submis-
sions to participating members of the National Animal Health Laboratory Network. This pro-
cess was changed to focus on HA and NA, with a randomly selected subset of strains
identified for whole-genome sequencing (WGS) to capture the M and remaining internal
genes by stratifying the data by subtype and genetic clade representation. All genetic
sequence data are published in NCBI GenBank (5), and virus isolates are stored and available
to the influenza community at the National Veterinary Services Laboratories, USDA-APHIS
(https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/lab-info-services/sa_reagents/ct
_reagents). However, analyses of sequence data that quantify changes in genetic diversity
to inform control efforts by veterinarians and public health agencies existed only in static
publications or in online quarterly reports.

We generated a systematic approach for analyzing and publicly reporting the USDA IAV
surveillance sequencing efforts at the single-gene and whole-virus genome levels. A consist-
ent and continued assessment of the genetic diversity of IAV collected as part of the surveil-
lance system identifies spatial and temporal trends in diversity and novel viruses that require
additional phenotypic characterization. octoFLUshow is an interactive visualization platform
built within the R Shiny framework (6). It offers a searchable overview of all IAV in swine
strains collected in the surveillance system from 2009 to present. These data may be refined
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FIG 1 Example use case of octoFLUshow at https://flu-crew.org/, where a user can select a date range and IAV clades of interest to track their associated
detection distribution across time, location, and whole-genome patterns. (A) Detection frequency of two H1 HA clades (1A.3.3.2/pandemic in dark green
and 1A.3.3.3/gamma in light green) from January 2019 to January 2021; (B) spatial distribution of each H1 HA clade with the raw count plotted within each
U.S. state and colored according to the detection frequency of the HA clade plotted (in this figure, the scale range is 1 to 309); and (C) relative proportions
of whole-genome patterns for the selected H1 HA clades, with darker shades of blue indicating higher proportions, the x axis reflecting the HA-NA pairing,
and the y axis representing the genome constellation in the order of polymerase basic gene 2, polymerase basic gene 1, polymerase acidic gene,
nucleoprotein gene, matrix gene, and nonstructural gene (PB2-PB1-PA-NP-M-NS) and reflecting combinations of either live attenuated influenza virus
vaccine lineage (V), the triple reassortant (T) lineage, or lineage H1N1pdm09 (P). Maps were created using R and ggplot2.
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by collection date, collection location, subtype, genetic clade (U.S. and global nomenclature)
(7), and whole-genome constellation. Following refinement, these data are visualized, and
graphs can be downloaded to explore spatial and temporal patterns in genetic diversity;
heat maps are generated to quantify the relative proportions of HA-NA and whole-genome
genetic patterns (Fig. 1). octoFLUshow uses octoFLU (8) for gene classification and octoFLUdb
(https://github.com/flu-crew/octofludb) for synthesizing and organizing data on IAV in swine.
octoFLUdb is a Python package that parses public data from NCBI GenBank into a graph data-
base with an ontology (9, 10). The tool links metadata such as the collection location, collec-
tion date, phylogenetic clade, and whole-genome constellation to the genetic sequence and
generates the input files required for octoFLUshow. These modules ingest USDA surveillance
data on IAV in swine, provide objective descriptors of the genetic diversity, and allow IAV
stakeholders to make informed decisions on vaccine design or use or about the selection of
relevant viruses circulating in U.S. swine herds for further characterization.

Data availability. The gene segment sequences are available in the Influenza Research
Database (11). The tool can be accessed at https://flu-crew.org/ and is hosted on Amazon
Web Services as part of the USDA-ARS data science initiative SCINet. The octoFLUshow and
octoFLUdb source code is hosted on GitHub (https://github.com/flu-crew/octoflushow and
https://github.com/flu-crew/octofludb, respectively). octoFLUdb is also hosted as a Python
package on PyPi.
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