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Highly Pathogenic Avian Influenza A(H7N3)
Virus in Poultry, United States, 2020

Appendix

Materials and Methods

Virus Sampling and Sequencing

The initial detections were made through routine and active surveillance testing, and the
enhanced surveillance of the affected and epidemiologically related premises followed. All the
turkey farms that tested positive for low pathogenic avian influenza (LPAI) H7N3 recorded
clinical signs related to avian influenza infection such as slight drops in egg production and mild
respiratory signs. During the surveillance, influenza H7 was detected in another commercial
turkey flock in South Carolina that reported an increased daily mortality (4.6%). Two samples
from a single house at these premises was confirmed positive for highly pathogenic avian
influenza (HPAI) H7N3 by sequencing; the other 4 houses in the same farm were confirmed
positive for LPAI H7N3. In March and April, >3,700 pooled swabs from oropharynx and cloaca
were tested, representing nearly 19,000 birds. Of those, 48 (1.3%) pooled samples from 13
premises tested positive for influenza A and 44 (1.2%) tested positive for H7 by gene PCR (1,2).
A total of 29 H7N3 viruses were amplified by RT-PCR (3) and sequenced using the lon Torrent
Personal Genome Machine (Life Technologies, https://www.thermofisher.com) and/or MiSeq
(Mumina, https://www.illumina.com) platforms, as previously described (4). De novo and
directed assembly of genome sequences were carried out using the SegqMan NGen v. Four
program. Nucleotide sequences for complete genomes of H7N3 viruses have been deposited in
GenBank under accession nos. MT444183-MT444350 and MT444352-MT444415.

Phylogenetic Analysis

Genome sequences of wild bird avian influenza viruses (AIVs) close to the initial H7N3
viruses in turkeys were examined by BLAST function (https://blast.ncbi.nlm.nih.gov, accessed
March 2020; 100 outputs), and added to the NC and SC H7N3 viruses analysis for each gene
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segment. Alignment of the complete genome sequences was performed using MAFFT
(http://mafft.cbrc.jp/alignment/software). Maximum-likelihood (ML) phylogeny of each gene
segment was generated by using RAXML (5). Bootstrap support values were generated using
1,000 rapid replicates.

To estimate viral gene transition and demographic history of each segment, we inferred
time-scaled phylogenies by Bayesian Markov chain Monte Carlo (MCMC) sampling using
BEAST v1.10.4 (https://www.mybiosoftware.com). From the ML phylogenetic analysis,
potential outliers that considerably deviated from the root-to-tip distance against time were
removed from this study by using TempEst v1.5.1 (6). To trace the most probable ancestral wild
bird viruses that generated the North Carolina and South Carolina H7N3 viruses, a discrete state
ancestral reconstruction approach was implemented using bird flyways as discrete ancestral
character states, including the Atlantic, Mississippi, Central, and Pacific flyways. We used an
uncorrelated lognormal distribution relaxed clock method, the HKY nucleotide substitution
model, and the GMRF Bayesian skyride coalescent prior (7). An asymmetric substitution model
with the Bayesian stochastic search variable selection and a strict clock model were used for the
discrete nominal category. At least 3 independent Markov chains were performed to meet the
basis of the criterion of an effective sampling size of >200 as calculated by Tracer version 1.5
with a 10% burn-in (http://tree.bio.ed.ac.uk/software/tracer). Maximum clade credibility trees
were generated for each gene segment by using TreeAnnotator (http://www.
phylo.org/index.php/tools/treeannotator.html) and were visualized using FigTree 1.4.4
(http://tree.bio.ed.ac.uk).

To increase phylogenetic resolution, nucleotide sequences of the entire protein coding
regions of each virus were concatenated with modified hemagglutinin (HA) and neuraminidase
(NA) gene sequences to exclude the insertion at the HA cleavage site and the deletion at the NA
stalk region, and then analyzed with Bayesian and median-joining (MJ) network phylogenetic
analysis (8,9). Based on marginal likelihoods of various demographic models estimated by path
sampling and stepping-stone analysis, we chose the relaxed clock model, the HKY nucleotide
substitution model, and coalescent exponential population prior for a Bayesian framework (10).
At least 3 independent Markov chains were performed to meet the basis of the criterion of an

effective sampling size of >200 as calculated by Tracer version 1.5 with a 10% burn-in.
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Maximum clade credibility trees were generated for each gene segment by using TreeAnnotator

and were visualized by using FigTree 1.4.4.

Pathotyping Test

The intravenous pathogenicity index (IVPI) test was conducted in chickens according to
the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals
(http://www.oie.int/en/international-standard-setting/terrestrial-manual). In brief, 0.1 mL of
infectious allantoic fluid was inoculated intravenously into 10 6-week-old specific-pathogen-free
chickens and the chickens were monitored for 10 days for illness and death. Isolates with I\VPI
>1.2 were characterized as HPAIV. The challenge studies and all experiments with live viruses
were conducted in a biosafety level 3 facility at the National Veterinary Services Laboratories,
Animal and Plant Health Inspection Service, US Department of Agriculture in Ames, lowa,

USA, in accordance with approved institutional animal care and use protocols.
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Appendix Table 1. Avian influenza H7N3 viruses isolated and sequenced in this study*

Changes in Changes
HA cleavage in NA stalk
Date collected Virus strain Premises Operation type site region IVPI
2020 Mar 9 Alturkey/North_Carolina/20-007949— NC-01 Commercial, breeder N/A N/A 0
001/2020(H7N3)
2020 Mar 9 Alturkey/North_Carolina/20-007949- NC-01 Commercial, breeder N/A N/A ND
002/2020(H7N3)
2020 Mar 10  Alturkey/North_Carolina/20—007948— NC-04 Commercial, meat-type N/A N/A ND
002/2020(H7N3)
2020 Mar 10  Alturkey/North_Carolina/20—007948— NC-04 Commercial, meat-type N/A N/A ND
003/2020(H7N3)
2020 Mar 10  Alturkey/North_Carolina/20—007948— NC-04 Commercial, meat-type N/A N/A ND
005/2020(H7N3)
2020 Mar 12 Alturkey/North_Carolina/20—008256— NC-01 Commercial, breeder N/A N/A ND
001/2020(H7N3)
2020 Mar 12 Alturkey/North_Carolina/20—008256— NC-01 Commercial, breeder N/A N/A ND
002/2020(H7N3)
2020 Mar 12 Alturkey/North_Carolina/20—-008257— NC-03 Commercial, meat-type  Single basic N/A 0
001/2020(H7N3) amino acid
substitution
2020 Mar 12 Alturkey/North_Carolina/20—-008257— NC-03 Commercial, meat-type  Single basic N/A ND
002/2020(H7N3) amino acid
substitution
2020 Mar 12 Alturkey/North_Carolina/20—008258— NC-04 Commercial, meat-type N/A N/A ND
001/2020(H7N3)
2020 Mar 12 Alturkey/North_Carolina/20—008258— NC-04 Commercial, meat-type N/A N/A ND
002/2020(H7N3)
2020 Mar 13 Alturkey/North_Carolina/20—008395— NC-02 Commercial, meat-type  Single basic N/A ND
002/2020(H7N3) amino acid
substitution
2020 Mar 13 Alturkey/North_Carolina/20—008395— NC-02 Commercial, meat-type  Single basic N/A ND
003/2020(H7N3) amino acid
substitution
2020 Mar 13 Alturkey/North_Carolina/20—-008423— NC-05 Commercial, meat-type N/A 66 nt ND
002/2020(H7N3) deletion
2020 Mar 13 Alturkey/North_Carolina/20—-008425— NC-06 Commercial, meat-type N/A 66 nt 0
001/2020(H7N3) deletion
2020 Mar 13 Alturkey/South_Carolina/20-008394— SC-01 Commercial, meat-type N/A N/A 0
001/2020(H7N3)
2020 Mar 15 Alturkey/North_Carolina/20—-008421— NC-07 Commercial, meat-type N/A N/A ND
001/2020(H7N3)
2020 Mar 17 Alturkey/North_Carolina/20—-008734— NC-07 Commercial, breeder N/A N/A ND
001/2020(H7N3)
2020 Mar 19  Alturkey/North_Carolina/20—009000— NC-08 Commercial, meat-type N/A N/A ND
001/2020(H7N3)
2020 Mar 19  Alturkey/North_Carolina/20—009000— NC-08 Commercial, meat-type N/A N/A ND
002/2020(H7N3)
2020 Mar 19  Alturkey/North_Carolina/20—009000— NC-08 Commercial, meat-type N/A N/A ND
004/2020(H7N3)
2020 Mar 30  Alturkey/North_Carolina/20—010036— NC-09 Commercial, meat-type N/A N/A ND
002/2020(H7N3)
2020 Mar 30  Alturkey/North_Carolina/20—010036— NC-09 Commercial, meat-type N/A N/A ND
004/2020(H7N3)
2020 Mar 30  Alturkey/North_Carolina/20—010036— NC-09 Commercial, meat-type N/A N/A ND
005/2020(H7N3)
2020 Apr 6 Alturkey/South_Carolina/20—-010561— SC-02 Commercial, meat-type N/A N/A 0
002/2020(H7N3)
2020 Apr 6 Alturkey/South_Carolina/20-010561— SC-02 Commercial, meat-type 27 ntinsertion N/A ND
003/2020(H7N3)
2020 Apr 6 Alturkey/South_Carolina/20-010561— SC-02 Commercial, meat-type N/A N/A ND
004/2020(H7N3)
2020 Apr 6 Alturkey/South_Carolina/20—-010561— SC-02 Commercial, meat-type N/A N/A ND
005/2020(H7N3)
2020 Apr 6 Alturkey/South_Carolina/20-010561— SC-02 Commercial, meat-type 27 ntinsertion N/A 2.47

006/2020(H7N3)

*HA, hemagglutinin; IVPI, intravenous pathogenicity index; NA, neuraminidase; N/A, not applicable; ND, not done.
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Appendix Table 2. Mammalian host-specific genetic markers*

Segment and amino acid change

HA PB2 PB1 PA NP NS1

Strain Q226L G228S Q591K E627K D701N K353R T566A S409N  K615N R99K N319K S345N S42P D92E F103L M106l
Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
007948-002/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
007948-003/2020

Alturkey/North_Carolina/20- Q G Q E D K T S K R N S S D F M
007948-005/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
007949-001/2020

Alturkey/North_Carolina/20- Q G Q E D K T S K R N S S D F M
007949-002/2020

Alturkey/North_Carolina/20- Q G Q E D K T S K R N S S D F M
008256-001/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
008256-002/2020

Alturkey/North_Carolina/20- Q G Q E D K T S K R N S S D F M
008257-001/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
008257-002/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
008258-001/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
008258-002/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
008395-002/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
008395-003/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
008421-001/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
008423-002/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
008425-001/2020

Alturkey/North_Carolina/20- Q G Q E D K T S K R N S S D F M
008734-001/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
009000-001/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
009000-002/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
009000-004/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
010036-002/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M
010036-004/2020

Alturkey/North_Carolina/20— Q G Q E D K T S K R N S S D F M

010036-005/2020
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Segment and amino acid change

HA PB2 PB1 PA NP NS1

Strain Q226L G228S Q591K E627K D701N K353R T566A S409N  K615N R99K N319K S345N S42P D92E F103L M106l
Alturkey/South_Carolina/20— Q G Q E D K T S K R N S S D F M
008394-001/2020

Alturkey/South_Carolina/20— Q G Q E D K T S K R N S S D F M
010561-002/2020

Alturkey/South_Carolina/20— Q G Q E D K T S K R N S S D F M
010561-003/2020

Alturkey/South_Carolina/20— Q G Q E D K T S K R N S S D F M
010561-004/2020

Alturkey/South_Carolina/20— Q G Q E D K T S K R N S S D F M
010561-005/2020

Alturkey/South_Carolina/20— Q G Q E D K T S K R N S S D F M

010561-006/2020
* D, aspartic acid; E, glutaminc acid; F, phenylalanine; G, glycine; HA, hemagglutinin; K, lysine; M, methionine; N, asparagine; NP, nucleoprotein; NS, nonstructural protein; PA,
polymerase; PB, polymerase basic; Q, glutamine; R, arginine; S, serine; T, threonine.
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Appendix Figure 1. Maximum likelihood trees with ancestral wild bird avian influenza viruses. At each
branch, the number indicates a bootstrap value. A) polymerase basic 2 (PB2); B) PB1; C) polymerase
(PA); D) hemagglutinin (HA); E) nucleoprotein (NP); F) neuraminidase (NA); G) matrix (M); H)
nonstructural (NS).
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Appendix Figure 2. Time-scaled Bayesian phylogenetic trees. Branches are colored according to

discrete geographic areas including 4 administrative bird flyways in North America (Atlantic, Mississippi,
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Central, and Pacific) according to the flyway boundaries established by the US Fish and Wildlife Service.
Blue node bars represent 95% Bayesian credible intervals (BCI). A) polymerase basic 2 (PB2); B) PB1;
C) polymerase (PA); D) hemagglutinin (HA); E) nucleoprotein (NP); F) neuraminidase (NA); G) matrix (M);
H) nonstructural (NS).
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