
 

Page 1 of 6 

Article DOI: http://dx.doi.org/10.3201/eid2005.131578 

Influenza A Subtype H3 Viruses in Feral 
Swine, United States, 2011–2012 

Technical Appendix 

Material and Methods 

Sample Collection 

Samples were collected opportunistically from feral swine removed for wildlife damage 

management purposes. Blood samples were collected primarily by cardiac puncture and placed 

in serum-separating collection tubes. Once the blood was clotted, it was centrifuged, and the 

serum was transferred into 2-mL cryogenic vials and labeled with a unique barcode. Serum 

samples were shipped to the US Department of Agriculture (USDA), National Wildlife Disease 

Program (Fort Collins, CO, USA), where they were stored frozen at −80°C until testing. Nasal 

swabs were collected by inserting a sterile Dacron swab in the nasal cavity and gently swabbing 

the surface of the nasal mucosa. This process was repeated in both nostrils with the same swab, 

placed in a cryogenic vial with 3 mL of brain-heart infusion broth provided by the USDA 

National Veterinary Services Laboratories (NVSL), and the vial was labeled with a unique 

barcode. Vials were kept in a cooler with ice packs until they were shipped to the testing 

laboratory within 3 days after collection. 

Viral Isolation and Subtyping 

The nasal swabs from feral swine were screened by using influenza A virus (IAV) matrix 

gene based quantitative reverse transcription PCR at 1 of the National Animal Health Laboratory 

Network facilities across the United States (1). Matrix-positive samples were tested with an N1 

subtyping PCR. Matrix-positive results were forwarded to NVSL for testing regardless of the N1 

subtyping result. Isolates were recovered by using 9- to 11-day-old specific pathogen-free (SPF) 

eggs according to the protocols described in the Swine Influenza Surveillance Procedure Manual 

(www.aphis.usda.gov/animal_health/animal_dis_spec/swine/siv_surveillance.shtml). The 
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hemagglutinin (HA) and neuraminidase (NA) subtypes were determined at the NVSL using 

standard hemagglutination-inhibition (HI) and NA inhibition testing procedures. 

Viruses 

A total of 22 H3 IAVs were used for comparison in serologic assays. In addition to the 

feral swine isolate A/swine/Texas/A01104013/2012(H3N2) recovered from this study, 4 human 

H3N2v isolates, 3 county fair pig H3N2 isolates, 7 domestic pig H3N2 isolates, 2 migratory bird 

H3N2 isolates, 2 canine H3 isolates, 2 human seasonal H3N2 isolates, and 1 2009 H1N1 isolate 

were used in the serologic assays (Technical Appendix Table). 

To maximize the chances of detecting H3 IAV infection in feral swine samples tested, the 

22 isolates described above were selected to represent a wide range of antigenically distinct H3 

IAVs (Technical Appendix Table). Ten of them represented 2 of the contemporary H3 antigenic 

clusters in the swine population: H3N2-α and H3N2-β (2). Four human H3N2v isolates were 

also included, and these isolates antigenically belong to H3N2-β. 

A/Perth/16/2009(H3N2) and A/Victoria/361/2011(H3N2), 2 seasonal influenza vaccine 

strains recommended by the World Health Organization (WHO), represent the antigenic variants 

predominantly circulating in human population. These viruses do not cross-react with the 10 

swine IAVs and 4 H3N2v viruses described in the previous paragraph. An avian origin H3N2 

canine influenza virus (CIV) (3) and an equine origin H3N8 CIV (4) were also selected, which 

do not cross-react with swine H3N2, human H3N2v, or H3N2 seasonal influenza viruses. Except 

for H3N2 CIV, the 2 H3 avian influenza viruses selected do not cross-react with the other 

isolates listed in the Table. The selected 2009 H1N1 virus also did not react with any H3 IAVs 

selected for this study (Technical Appendix Table). 

All avian influenza viruses were propagated in MDCK cells (ATCC, Manassas, VA, 

USA) and then stored at −70°C until analysis. 

Serologic Assays 

Influenza-specific ELISAs were performed by using IDEXX Influenza A Ab Test 

(IDEXX, [Westbrook, ME, USA) based on the manufacturer’s specifications. HI assays were 

performed according to the WHO manual on animal influenza diagnosis and surveillances 

(http://whqlibdoc.who.int/hq/2002/WHO_CDS_CSR_NCS_2002.5.pdf). Before HI tests were 

conducted, feral swine serum was treated with receptor-destroying enzyme (Denka Seiken Co., 
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Tokyo, Japan) by 1:3 (v/v) at 37°C for 18 h, and then heat inactivated at 55°C for 30 min. Then, 

the serum was diluted with phosphate-buffered saline (for a final dilution of 1:10), and 22 

influenza A viruses were tested by HI assay with 0.5% turkey red blood cells. The HI for the 

A/Victoria/369/2011(H3N2) testing was performed using 0.5% guinea pig red blood cells. 

Microneutralization (MN) assay was performed in MDCK cells. Neutralizing titers were 

expressed as the reciprocal of the serum dilution that inhibited 50% of the viral growth of 100 

tissue culture infectious doses of the virus. The MN titers were determined by HA assay using 

0.5% turkey red blood cells as described (2). 

Serologic Data Analyses 

If the titers of a serum against a specific influenza isolate were >40, the serum was 

classified as positive to this isolate. Student t tests were performed to test the null hypothesis: 

there was no significant difference among the HI or MN titers between different groups of IAVs. 

Molecular Characterization and Phylogenetic Analyses 

The multiple sequence alignments were conducted by using the MUSCLE software 

package (5). The phylogenetic analyses were performed by using maximum-likelihood by 

GARLI version (6), and bootstrap resampling analyses were conducted with 1,000 runs using 

PAUP* 4.0 Beta (7) with a neighbor-joining method, as described (8). 
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Technical Appendix Table. Cross-reactive antibody responses among influenza A viruses used in this study by using HI assay against ferret antiserum for H3 influenza A virus and 
A(H1N1)pdm09 virus* 

Virus† 
Antigenic 

cluster 

Ferret antiserum‡ 
Swine influenza virus  Canine influenza virus  Avian influenza virus  Human seasonal influenza virus 

09SW64 10SW215 11SW347  CIVH3N2 CIVH3N8  99AIVH3N2 11AIVH3N2  Perth09 Victora11 Pdm09 
Isolates from agricultural fairs               
 A/swine/Ohio/09SW64/2009(H3N2) H3N2-α 1,600 40 <10  <10 <10  <10 <10  <10 <10 ND 
 A/swine/Ohio/10SW215/2010(H3N2) H3N2-β 80 960 640  <10 <10  <10 <10  <10 <10 ND 
 A/swine/Ohio/11SW347/2011(H3N2) H3N2-β 20 320 576  <10 <10  <10 <10  <10 <10 ND 
Isolates from canine               
 A/canine/Guangdong/1/2006(H3N2)  <10 <10 <10  1,280 40  320 160  ND ND ND 
 A/canine/Iowa/13628/2005(H3N8)  <10 <10 <10  40 160  <10 <10  ND ND ND 
Isolates from avian               
 A/blue-winged teal/Ohio/99–31/99(H3N2)  <10 <10 <10  ND <10  70 20  ND ND ND 
 A/blue-winged 
teal/Ohio/11OS2474/2011(H3N2) 

 <10 <10 <10  ND 80  20 320  ND ND ND 

Isolates from vaccine strains               
 A/Perth/16/2009(H3N2)  <10 <10 <10  ND ND  ND ND  40 80 ND 
 A/Victoria/361/2011(H3N2)  <10 <10 <10  ND ND  ND ND  <10 1,280 ND 
 A/California/7/2009(H1N1)  <10 <10 <10  ND ND  ND ND  <10 <10 ND 
Isolates from feral hog               
 A/swine/Texas/A01104013/2012(H3N2)  40 >640 320  <10 <10  <10 <10  ND ND ND 
Isolates from swine farms               
 A/swine/Nebraska/9330/2006(H3N2) H3N2-α 320 80 <10  <10 <10  <10 <10  ND ND ND 
 A/swine/North Carolina/1026/2007(H3N2) H3N2-α 640 80 <10  <10 <10  <10 <10  ND ND ND 
 A/swine/Iowa/18469/2008(H3N2) H3N2-α 320 <10 <10  <10 <10  <10 <10  ND ND ND 
 A/swine/Wisconsin/12627/2009(H3N2) H3N2-α 1,280 80 80  <10 <10  <10 <10  ND ND ND 
 A/swine/Michigan/33261/2010(H3N2) H3N2-β 160 1,280 1,280  <10 <10  <10 <10  ND ND ND 
 A/swine/Indiana/9622/2011(H3N2) H3N2-β 40 1,280 1,280  <10 <10  <10 <10  ND ND ND 
 A/swine/North Carolina/6368/2012(H3N2) H3N2-β 320 1280 640  <10 <10  <10 <10  ND ND ND 
Isolates from patients               
 A/Wisconsin/12/2010(H3N2) H3N2-β 80 640 320  <10 <10  <10 <10  ND ND ND 
 A/Pennsylvania/14/2010(H3N2) H3N2-β 320 640 640  <10 <10  <10 <10  ND ND ND 
 A/Minnesota/11/2010(H3N2) H3N2-β 20 320 160  <10 <10  <10 <10  ND ND ND 
 A/Iowa/07/2011(H3N2) H3N2-β 80 160 320  <10 <10  <10 <10  ND ND ND 
Isolates from equine               
 A/equine/Miami/1/63(H3N8)  <10 <10 <10  <10 <10  <10 <10  ND ND ND 
*HI, hemagglutination-inhibition; ND, not determined. 
†09SW64, A/swine/Ohio/09SW64/2009(H3N2); 10SW215, A/swine/Ohio/10SW215/2010(H3N2); 11SW347, A/swine/Ohio/11SW347/2011(H3N2); CIVH3N2, A/canine/Guangdong/1/2006(H3N2); CIVH3N8, 
A/canine/Iowa/13628/2005(H3N8); 99AIVH3N2, A/blue-winged teal/Ohio/99–31/99(H3N2); 11AIVH3N2, A/blue-winged teal/Ohio/11OS2474/2011(H3N2); Perth09, A/Perth/16/2009(H3N2); Victora11, A/Victoria/361/2011(H3N2); 
pdm09, A/California/7/2009(H1N1) 
‡Values in bold are HI titers with homologous influenza isolates that were used to generate ferret antiserum. Each HI value in this table is an average number from 2 experiments. 
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Technical Appendix Figure. Phylogenetic analysis of HA (A), NA (B), PB2 (C), PB1 (D), PA (E), NP (F), 

MP (G), and NS (H) gene segments of H3N2 influenza A virus recovered from feral swine. The H3N2 

feral swine virus is marked in red, and human H3N2 variant (H3N2v) influenza virus isolates are 

underlined. The phylogenetic analyses were performed by using maximum-likelihood method as 

described (8). Sequence analyses showed that the HA, NA, PB2, PB1, PA, NP, MP, and NS genes of 

A/swine/Texas/A01104013/2012(H3N2) have 99.82%, 99.85%, 99.89%, 99.82%, 99.81%, 99.73%, 

99.59%, and 99.40% nt sequence identity similar to those of A/Indiana/10/2011(H3N2), isolated from 

county fairs, respectively. 
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