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[bookmark: _Toc84791493]Background
This reference guide was produced as part of a collaborative project between the Centers for Disease Control and Prevention (CDC) and the Council of State and Territorial Epidemiologists (CSTE). Primary informants and contributors to the project are listed below. Report content was prepared by Dr. Meghan Schaeffer. Project primary sponsors were Dr. James Kile of CDC and Ashley Vineyard of CSTE. The CSTE Zoonotic Influenza Workgroup members at time of publication are listed; however, other subject matter experts from the National Association of State Public Health Veterinarians and National Association of State Animal Health Officials contributed as needed. 
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[bookmark: _Toc84791495]Purpose Statement
There isn’t a document like this on the NASPHV website so I thought it would be good to define the “purpose of document” to our audience - something along the lines of (I took this from comments Laura made during the last meeting), “The purpose of this document is to serve as a repository of up-to-date information on zoonotic influenza with a focus on One Health”
[bookmark: _Toc84791496]How to Use this Guide
This reference guide was created to provide state and local health officials an accessible, easy-to-use resource for managing novel and emerging situations involving zoonotic influenza. The content was obtained through extensive text book, journal article, and web source review along with subject matter interviews from veterinarians, epidemiologists, and other public health clinicians. 
The guide is organized by animal and influenza strain to facilitate search by either, depending on the situation. General information on all known influenza strains is also within the guide for situations where zoonotic origin is unknown. Where possible direct links to resources were provided. Over time, some links may become inaccessible through copies of all articles were provided to CSTE and CDC. 
The guide is loosely based on APA format with all references listed throughout and in a master list at the end. 
[bookmark: _Toc84791497]Influenza Viruses
Influenza viruses belong to the family Orthomyxoviridae differentiated into four strains – Influenza A (IAV), Influenza B, Influenza A, Influenza C, and Influenza D. Isavirus, Thogotovirus, and Quaranjavirus complete the family though are of little consequence to humans. IAV are of significant pathogens of humans and animals. All Influenza A and B viruses contain eight genomic sequences coding for nine structural proteins including HA, NA, NP, M1, M2, PB-1, PB1-F2, PB2, PA and two non-structural proteins NS1 and NS2; Influenza C and D have seven segments (Mostafa et al., 2018; Xu et al., 2021a). Influenza viruses have single stranded negative-sense genomes. 
IAV are the most significant contributors to human and zoonotic infection and the only flu virus typed according to its surface proteins. Zoonotic species infected includes swine, equine, avian, canine, bats, marine mammals, and in recent years rare infections in ostriches, pandas, and others. 
Within the genera of IAV, familiar subtypes for hemagglutinin (HA) and neuraminidase (NA) extend to 18 subtypes for HA and 11 NA. Responsible for cellular receptor binding and membrane fusion, HA structural proteins can function with a significant amount of genetic change. NA supports the release of virion from the host cell and helps the virus break through the mucous membrane of the respiratory tract to infect host cells. 
Except for H17, H18, H18, N10, N11, all probable combinations have been found in birds (Kapoor, Sanjay, Dhama, Kuldeep, 2014). Additionally, all IAV subtypes were originally isolated from avian hosts (Mostafa et al., 2018) though not the two known bat influenza viruses (Figure 1). 
Since the turn of the century, there has been a significant increase in novel influenza infections detected in humans and animals. Highly pathogenic avian influenza (HPAIV) H5N1 have spread throughout most of the world, and while mal-adapted for efficient transmission in humans, the potential to reassort to gain that function is possible. The combination of the triple reassortant H1N1 pandemic strain emergence in 2009 and modification of low pathogenic avian influenza (LPAIV) H7N9 then a HPAIV version in China contribute to concern of the next pandemic (Widdowson et al., 2017). Part of the increase in quantity and diversity of strains detected is attributed to the World Health Organization Global Influenza Surveillance and Response System (GISRS) which obtains data from 123 countries (WHO, 2021). 
[image: ]
[bookmark: _Ref84787294]Figure 1. Distribution of IAV HA and NA subtypes by species. Excerpt from (Mostafa et al., 2018)
[bookmark: _Toc84791498]Overview of Influenza Viruses
[bookmark: _Toc84791499]Antigenic drift and shift
Two phenomena of genetic change are commonly cited in influenza literature – antigenic drift and antigenic shift. Antigenic drift occurs with subtle shifts in the genetic composition of a virus change over time (usually accumulated through replication mistakes). While natural selection perpetuates versions of the virus more fit than the last, the result is not typically a substantial difference in how the virus affects its host. HA antigens are more prone to genetic change than NA. The culprit in making replication errors is polymerase, or the spell-check function in viral RNA replication (Childs et al., 2007; Kapoor, Sanjay, Dhama, Kuldeep, 2014). While antigenic drift occurs in all species commonly and routinely infected with influenza, human strains have more point source mutations than any other species. 
Antigenic shift is often a threat to human health and that of animals. Influenza genomic shifting happens through interspecies transfer of whole virus to a new animal recipient, or substantial genetic reassortment. Reassortment can occur when two influenza viruses infect the same animal and parts of each virus are selected into a newly replicate one, or when a virus considerably adapts or acquires receptor affinity for a new species (Childs et al., 2007). Even with extensive study of animal reservoirs, it is impossible to pre-determine the antigenicity and virulence of a reassorted virus. 
[bookmark: _Toc84791500]Influenza A Virus
Human influenza A virus had not acquired new genetic segments from avian or other sources for almost 100 years until 2009. The primary construct of the IAV in humans evidenced drifting changes to its genome. While crossover occurs frequently between swine and humans, birds or humans are often the source of a novel swine infection (Figure 2). 
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[bookmark: _Ref84787225]Figure 2. Summary of Zoonotic Influenza A Infections in Humans. Excerpted from (Widdowson et al., 2017)
[bookmark: _Toc84791501]Influenza B Virus
[bookmark: _Toc84791502]Influenza C Virus
(Zeng et al., 2021)
[bookmark: _Toc84791503]Influenza D Virus
(Collin et al., 2015; Mekata et al., 2018; Xu et al., 2021b)

[bookmark: _Toc84791504]Human Pandemics of the last 100 years
[bookmark: _Toc84791505]1918/1919 – H1N1
The internal genome of the 1918-19 H1N1 pandemic IAV originated from equine H7N7 strain sometime in the late 1800’s (Worobey et al., 2014). The virus further reassorted to acquire a human H1 subtype and avian N1 (Compans, 2014; Kilbourne, 2006; Worobey et al., 2014). This pandemic killed an estimated 40-50 million people.  

Prior to 1918, influenza was not known to infect pigs (Zimmer & Burke, 2009), though in this pandemic illness in people was identified before illness in pigs. It is thought people transmitted H1N1 to swine in multiple regions of the world throughout this pandemic.   

[bookmark: _Toc84791506]1957 – H2N2
Continued reassortment of the H1H1 Spanish Flu strain with avian resulted in Asian Flu H2N2. This strain was considered generally mild, though resulted in at least one million fatalities. With the arrival of this strain, H1N1 disappeared from human infections until 1977 (Zimmer & Burke, 2009). 

[bookmark: _Toc84791507]1968 – H3N2
Arose from LPAIVs and human IAV genetic reassortment resulting in Hong Kong Flu H3N2 also causing approximately one million deaths. This strain differed from its predecessor by its HA antigen; the NA antigen was retained. 

[bookmark: _Toc84791508]1977 – H1N1
Russian Flu, a reemerged H1N1 strain, caused severe human infections and a 50% fatality rate among children. Studies showed this strain was closely related to a 1950 strain, yet dissimilar to the 1947 and 1957 strains, and had retained genetic integrity (Kilbourne, 2006; Scholtissek et al., 1978). The strain is believed to have leaked from a laboratory (Kendal et al., 1978; Webster et al., 1992). 

It was after this epidemic that H1N1 began seasonal co-circulation with H3N2; the first time two influenza A serotypes circulated at the same time.  

[bookmark: _Toc84791509]1777 – Ft. Dix (the pandemic that was not)
A novel H1N1 virus was detected in 230 recruits resulting in one death. In anticipation of the potential for a widespread epidemic, 40 million people were vaccinated resulting in 532 cases of Guillain-Barre syndrome and 32 deaths (Marks & Halpin, 1980). The R0 of this strain was on 1.2, substantially lower than previous pandemics, and due to the “tight social-contact structure of the military training base”, transmission was not sufficient to reach epidemic potential (Lessler et al., 2007; Zimmer & Burke, 2009). 

[bookmark: _Toc84791510]2009 – H1N1
A unique genomic constellation derived from North American avian influenza, Eurasian avian-like swine virus, and H1N1 classical type swine resulted in the H1N1pdm09 virus (Garten et al., 2009; Novel Swine-Origin Influenza A (H1N1) Virus Investigation Team, 2009; Zimmer & Burke, 2009). First reported in April 2009, the pandemic reached 208 countries with 13,554 deaths. 
While not exceptional fatal, the disease caused widespread mortality and remains a dominant seasonal influenza strain today. 
[bookmark: _Toc84791511]Influenza Viruses in Humans
[bookmark: _Toc84791512]Clinical signs and symptoms of influenza infection in humans
Human influenza is a major respiratory pathogen causing illness in 3-5 million people globally every year with approximately 250,000-500,000 deaths. Influenza A and B strains circulate seasonally, with A typically causing more severe illness. In temperate countries, the virus circulates in winter months, while tropical and subtropical countries experience year-round infections though at a lower rate than temperate countries. Influenza follows a hemispheric and seasonal pattern where fall/winter the months of June-Aug in the southern hemisphere align with influenza activity, and in the northern hemisphere Dec-March are dominant months for flu (Kapoor, Sanjay, Dhama, Kuldeep, 2014; Nguyen-Van-Tam & Hampson, 2003). 

[image: ]Influenza in humans causes rapid onset of fever, fatigue, cough, sore throat, headache, body aches, conjunctivitis, and in severe cases pneumonia (Figure 3). Influenza widely circulates among children with the potential to cause serious illness, though infants and the elderly are most at risk for severe illness. Influenza illness is somewhat distinct from other respiratory infections though has overlap with COVID-19. [bookmark: _Ref84785018]Figure 3. Comparison of symptoms for allergies, cold, influenza, and COVID-19

[bookmark: _Toc84791513]Surveillance of influenza to other respiratory viruses and co-circulation of respiratory pathogens
Influenza is among a myriad of respiratory pathogens often intermixing throughout colder months in temperate climate countries. In the US, RSV is a significant source of infection in infants and small children. Co-infections of RSV with influenza can occur with severe or lethal outcomes, especially in infants (Paes et al., 2011). In the US, surveillance of non-influenza respiratory pathogens can provide insight into the potential severity of a flu season as high rates of these diseases often precede a severe flu season. In addition, substantial transmission of non-influenza pathogens increases risk for co-infections throughout the winter months. 

Surveillance of influenza and other respiratory pathogens often occurs at the state health agency level with reporting into the National Respiratory and Enteric Virus Surveillance System (NREVSS). While state public health laboratories supply NREVESS data, more detailed case data are supplied to the Influenza Division usually starting the first week of October extending through April. 
 
The following are CDC sources for pathogen-specific information at the national and regional levels:
· National Respiratory and Enteric Virus Surveillance System | CDC
· Coronavirus (seasonal) - Coronavirus National Trends - NREVSS | CDC
· Human Metapneumovirus - Human Metapneumovirus National Trends - NREVSS | CDC
· Human Parainfluenza Virus - Human Parainfluenza National Trends - NREVSS | CDC
· Respiratory Syncytial Virus - RSV National Trends - NREVSS | CDC
· Respiratory Adenovirus - Respiratory Adenovirus National Trends - NREVSS | CDC

FluView reports are produced weekly, year-round: Weekly U.S. Influenza Surveillance Report | CDC. 

State-specific influenza and other respiratory pathogen surveillance reports may be found linked here at the bottom of the site: Weekly U.S. Influenza Surveillance Report | CDC.

[bookmark: _Toc84791514]International surveillance of influenza
[bookmark: _Toc84791515]Dominant influenza strains in humans
Strains – Primary types resulting in seasonal flu are H1N1 and H3N2 with two dominant influenza B strains (Yamagata and Victoria). Mutagenicity is much more common among IAV than influenza B (IBV), though IBV antigenic drift occasionally results in the need to change vaccine composition.

IAV occasionally crossing from birds to humans includes – H5N1, H5N6, H6N1, H7N2, H7N4, H7N7, H7N9, H9N2, H10N7, H10N8 (Mostafa et al., 2018)
H1/N1, H2/N2, H3/N3, N4, H5, H6/N6, H7/N7, N8, H9/N9, H10
[bookmark: _Toc84791516]Avian Influenza
[bookmark: _Toc84791517]Overview of Avian Influenza 
[bookmark: _Toc84791518]Avian subspecies differentiation 
[bookmark: _Toc84791519]Wild waterfowl 
Infection in ducks occurs in the intestinal tract with exceptional concentration of virus in feces (Kapoor, Sanjay, Dhama, Kuldeep, 2014; Swayne, 2017; Webster et al., 1992). 
[bookmark: _Toc84791520]Wild terrestrial avian
[bookmark: _Toc84791521]Domestic poultry
[bookmark: _Toc84791522]Inter-species transmission risk
[bookmark: _Toc84791523]LPAIV Overview
[bookmark: _Toc84791524]H7N9
H7N9 (prior to was primarily conjunctivitis in humans); have tropism for human and avian cellular receptors (humans α2, 3-linked sialic acid; avian α2, 6-linked sialic acid). Identified in 2013, multiple subsequent waves have occurred with increasingly high fatality rates and acquisition of HPAIV genes. This strain resulted in 1,625 cases in three countries and 623 fatalities. Outbreaks of this strain are continually reported in poultry; however, no human cases have been reported since 2018. 

This strain was identified in Georgia, Tennessee, Alabama and Kentucky (USDA APHIS, 2017) along with high pathogenic H7N9. 

Key articles: (Liu et al., 2017; L. Zhou et al., 2017, 2018)

[bookmark: _Toc84791525]H7N2 and H7N3
Detection of these strains in humans occurred in the US and Italy in farmworkers with direct exposure to infected poultry. Sporadic infections continue to be identified mainly in persons with known exposure to infected poultry. 

Low morbidity and pathogenicity in poultry, causes severe disease in humans (Compans, 2014). 
This strain was reported in North and South Carolina in 2020 (USDA, 2020). 

Key articles: (CDC, 2012; Eurosurveillance, 2007; Ostrowsky et al., 2012; Tweed et al., 2004)

[bookmark: _Toc84791526]H6N1
Detected in humans in 2013 in Taiwan, this strain is of concern for its potential to reassort with H5N2 while retaining internal genes of the H6N1 strain resulting in the ability to infect humans. 

Key articles: (Wei et al., 2013)

[bookmark: _Toc84791527]H9N2
The most widely circulating LPAIV in the world, this strain is primarily isolated from domestic poultry and live bird markets. Concern for human health regarding this strain centers on its ability to facilitate high and low pathogenic genetic exchange. 

Key articles: (Guo et al., 1999; Peiris et al., 1999; Um et al., 2021)

[bookmark: _Toc84791528]H10N7
Occasional human infections with the strain have been reported, mainly from Egypt and Australia. Recent outbreaks were also reported in harbor seals. 

Key articles: (Arzey et al., 2012; Pan American Health Organization, 2004)

[bookmark: _Toc84791529]H10N8
A fatal human case of H10N8 was reported in 2013 in China. This strain possessed the internal genetics of an H9N2 virus suggesting origination in poultry. 

Kay articles: (Guo et al., 1999)

[bookmark: _Toc84791530]HPAIV Overview
Highly pathogenic avian influenza (HPAIV) was first identified in 1996 in China (Swayne, 2017). HPAIV arise from low pathogen versions by way of a genetic change in the HA gene (Compans, 2014). The earliest evidence of influenza infection in birds was in 1967 (Childs et al., 2007) by serologic assay. HPAIV are thought to emerge from domestic poultry (e.g., chickens and turkeys), though occasional symptomatic outbreaks among aquatic, reservoir birds is believed to originate from domestic transfer back to aquatic (Childs et al., 2007). HPAIV strains are limited to H5 and H7 glycoproteins. 

Interestingly, HPAIV results in near 100% morbidity and high mortality in domestic birds (e.g., turkey, chickens), but low pathogenicity in humans. LPAIV results is highly pathogenic in domestic birds with little to no mortality, while human infections can result in high mortality with minimal pathogenicity (Childs et al., 2007; Compans, 2014; Kapoor, Sanjay, Dhama, Kuldeep, 2014; Swayne, 2017). 

[bookmark: _Toc84791531]H5N1
In 1997, the first documented transmission of H5N1 from birds to humans occurred. HPAIV caused outbreaks in different bird species for decades prior. Since 2003, more than 800 cases of H5N1 and more than 400 deaths were reported in 16 countries (CDC, 2018c; Mostafa et al., 2018).  

HPAIV H5N1 affects children and adults; not all have documented exposure to birds; 90% of cluster-related cases were in family members (Compans, 2014). Serosurveys suggest asymptomatic infection is uncommon. H5N1 incidence has declined since 2007, though replaced with other more recent strains along with several others cocirculating. 

Key articles: (Chakma et al., 2021; Chakraborty et al., 2017; Creanga et al., 2017; Freidl et al., 2014; Levine et al., 2017)

[bookmark: _Toc84791532]H5N2
The first major outbreak of HPAIV was identified in 81 turkey farms in Iowa, Minnesota, North Dakota, South Dakota, and Wisconsin. Birds were clinically ill and incidence spanned two years. Wild birds tested along the Pacific flyway were positive for H5N2 and H5N8 viruses (USDA APHIS, 2014, 2015).  This virus was also identified in ostriches in South Africa in 2017.

Key articles: (Venter et al., 2017)
 
[bookmark: _Toc84791533]H5N8
The presence of this avian influenza strain is so far limited to migratory ducks, though could adapt to other species. 
Key articles: (Fan et al., 2014; G. He et al., n.d.)
[bookmark: _Toc84791534]H5N6
Identified in 2014 in China, H5N6 was a reassortant of H5N2 and H6N6. It caused limited transmission to humans who reported direct contact with infected poultry, especially in live bird markets. Three subsequent reassortant strains have been identified; the latest in 2018 causing 19 human infections including six fatalities. 

Key articles: (Jiang et al., 2017)

[bookmark: _Toc84791535]H7N3
This novel strain was identified in poultry meat smuggled into Japan in 2018. The strain had adapted from H7N9 which was not previously well adapted to ducks (Nakayama et al., 2019).
Key articles: (CDC, 2012; Nakayama et al., 2019; Tweed et al., 2004) 
[bookmark: _Toc84791536]H7N4
This strain was recently identified in 2018 in a Chinese woman with exposure to poultry in a live bird market. 

Key articles: (Koopmans et al., 2004)

[bookmark: _Toc84791537]H7N7
This strain is the earliest known transmission of HPAIV from birds to humans, though illness was limited to conjunctivitis. An outbreak in 2003 resulted in 89 cases and one fatality. 

Key articles: (Belser, Creager, et al., 2017; Puzelli et al., 2016)

[bookmark: _Toc84791538]H7N8
This strain co-circulated with a low pathogenic version in turkey flocks in Indiana in 2016. The index county for this outbreak shared a watershed with a large reservoir. Sustained increases in temperature and precipitation may have contributed to the viability of H7N8 (USDA APHIS, 2016b, 2016a). 

[bookmark: _Toc84791539]H7N9
This strain was the first identified in the US in 2017. Domestic poultry flocks were infected in TN with low pathogenic H7N9 virus found in neighboring states including Georgia, Alabama, and Kentucky (USDA APHIS, 2017). Exposure to wild birds was not confirmed by way of testing proximal avian; however, genetic sequencing indicates a source from wild birds. 

Key articles: (Y. Chen et al., 2021; Liu et al., 2017; L. Zhou et al., 2017, 2018)
[bookmark: _Toc84791540]Influenza in Swine 
[bookmark: _Toc84791541]Overview
The most common disease-causing strains of IAV in swine are H1N1, H1N2, and H3N2 (Kapoor, Sanjay, Dhama, Kuldeep, 2014). 
Divergence of North American and European swine flu (Gerloff et al., 2011)
H1N1 viruses were circulating in North America as early as 1930, but were not found in European pigs until 1976 (Garten et al., 2009; Olsen, 2002). It is believed a shipment of pigs from the US to Italy resulted in the introduction (Nardelli et al., 1978). Despite widespread presence in swine, it was not until 1974 that a swine influenza strain was isolated in a human (Smith et al., 1976). 
Prior to 1998, swine influenza remained relatively genetically stable until a triple reassortant was identified in the US (Olsen, 2002). The reassortment introduced human virus components along with avian resulting in periodic human infections at a rate not previously reported. From 1998-2009 there were 11 known cases of human infection with the triple reassortant; most patients had exposure to swine (Shinde et al., 2009). 
Often labeled as “mixing vessels” as pigs have both cellular receptors for human and avian influenza the tracheal epithelium, pigs are not often the source of human infection (Kapoor, Sanjay, Dhama, Kuldeep, 2014; Olsen, 2002). Not quite as ubiquitous as pigs, quails also carry both receptors though are not considered reservoirs of influenza. Conversely it is believe people more frequently spread influenza to pigs, even in the 1918 pandemic (Kilbourne, 2006). More recent documentation of 49 human to transmission events with the H1N1pdm09 strain, and more than 20 events involving seasonal influenza (Nelson et al., 2012). 
Eurasian swine lineage carry the adamantane resistance marker (Garten et al., 2009)
Clinical manifestation of influenza in pigs takes two forms – 1) a respiratory disease similar to human infection with cough, fatigue, fever, and nasal discharge for 3-7 days; 2) as part of porcine respiratory complex acting with Mycoplasma hyperpneumoniae and other bacterial pathogens of pneumonia (Olsen, 2002). 
[bookmark: _Toc84791542]Swine Strains Overview 
[bookmark: _Toc84791543]H1N1pdm09
It is assumed this strain was present in swine herds for months before infecting humans. Similar to past major pandemic events, primarily 1918-19, transmission of H1N1pdm09 from humans back to swine was documented in 49 transmission events (Nelson et al., 2012). This virus contains the triple reassortant internal genetics obtained in a reassortment event between cH1N1, human H3N2 seasonal flu, and avian IAV in 1998 (Karasin, Brown, et al., 2000; Karasin, Olsen, et al., 2000). This strain continues to circulate seasonally throughout the world. 
[bookmark: _Toc84791544]H1N1
Classical swine cH1N1 evolved from the 1918 Spanish Flu, and while evolutionarily-related to the H1N1pdm09 strain, the virus changed very little antigenically until 1998. A triple reassortant H3N2 strain captured the H3N2 surface proteins from seasonal human H3N2, and internal proteins from cH1N1 and avian IAV (Karasin, Brown, et al., 2000; N. N. Zhou et al., 1999).
Additional reassorting occurred resulting in new genotypes of H1N1 and H1N2 retaining the triple reassortant internal gene (Vincent et al., 2009). These strains represent almost 50% of circulating strains in swine (Anderson et al., 2013).   
Key articles for H1N1pdm09 and H1N1: (Adiego Sancho et al., 2009; Bastien et al., 2010; Dawood et al., 2011; ECDC, 2011; Gray et al., 2012; Komadina et al., 2007; Nerome et al., 1985; Newman et al., 2008; Parys et al., 2021; Shinde et al., 2009; Yassine et al., 2009)
[bookmark: _Toc84791545]H1N2
This strain was isolated in pigs in Japan in 1978 and multiple other countries prior to its detection in the US in 1997. 
Key articles: (Karasin, Olsen, et al., 2000; Komadina et al., 2007; Nerome et al., 1985)
[bookmark: _Toc84791546]H2N2
H2N2 circulates in swine and birds but has not infected a human in over 40 years. This strain disappeared as a dominant human infection after the pandemic that started in 1957 and extended through 1967. 
Key articles: (Kubota-Koketsu et al., 2012; Ma et al., 2014)
[bookmark: _Toc84791547]H3N2v
H3N2v is distinct from seasonal H3N2 in that it normally circulates in pigs with periodic human infection. In 2011, a reassortment was identified with the H1N1pdm09 M gene. The acquisition of this gene may make H3N2v more transmissible to humans. Since its identification, 12 human infections were found in 2011 then several outbreaks and more than 300 cases in 2012. Sporadic infections continue to occur in people usually resulting from prolonged exposure to pigs at agricultural fairs. Sustained human transmission has not yet occurred (Anderson et al., 2013; Beaudoin et al., 2012; Bowman, 2012; CDC, 2020; Cox et al., 2011; Deng et al., 2020)
Key articles: (Anderson et al., 2013; Ayim-Akonor et al., 2020; Bastien et al., 2009, 2010; Beaudoin et al., 2012; Bowman, 2012; CDC, 2012b, 2020; Cox et al., 2011; Deng et al., 2020; ECDC, 2011; Evseenko et al., 2020; Nerome et al., 1985; Piralla et al., 2015, 2015; Robinson et al., 2007; Skowronski et al., 2012; G. Wang et al., 2019; N. N. Zhou et al., 1999)
[bookmark: _Toc84791548]H4N6
This wholly avian virus was isolated from pigs with respiratory disease in Canada in 1999. The farm housing the sick pigs drew water from a nearby lake known to house migratory waterfowl. This is also the first known instance of pig to pig spread of this virus. Farm personnel asymptomatic and serologic status of the workers was never determined (Karasin, Brown, et al., 2000). To date, there are no documented cases of pig to human transmission of H4N6. 
[bookmark: _Toc84791549]H5
There are no documented swine-origin H5 strains of influenza; however, as swine have cellular receptors for avian and human flu, avian H5 infections in pigs have occurred. 
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Identified in Southern China in 2011, this swine strain was believed to originate from ducks (Zhang et al., 2011). 
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Originating from avian (similarly to H6N6), this virus adapted to swine in a new recombinant strain. This strain is not well-adapted to spread between pigs; however, that potential exists as well as infection in humans. 
Key articles: (Ha et al., 2002; Jung et al., 2007; J. Wang et al., 2016; Yu et al., 2011; P. Zhou et al., 2014)
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Inter-species transmission risk
(Daly, 2011; W. He et al., 2019; Hurt et al., 2014; Nedland et al., 2018; Sack et al., 2019, 2020; Xie et al., 2016)
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Inter-species transmission risk
(Belser, Pulit-Penaloza, et al., 2017; Borland et al., 2020; CDC, 2018a, 2018b; Crispe et al., 2011; Daly, 2011; Gutman et al., 2019; W. He et al., 2019; Patel et al., 2021; Su et al., 2019; G. Wang et al., 2019; Wasik et al., 2021)
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Central and South America
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(Tong et al., 2012, 2013)
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Table 1. Summary of Virologically or Serologically Confirmed Reports of Zoonotic Influenza A Virus Infections in Humans, by Subtype Group

Representative
Year First Year Last Confirmed Cases, No;  Reference(s) for Each

Subtype Group Detected Detected Countries® of Occurrence Confirmed Fatalities, No. Country
HINTv 1958 2016  Canada, China, Czechoslovakia, Italy, Netherlands, 416 13, 9-16)

Russia, Spain, Switzerland, Thailand, US
HPAI H7N7 1959 2003 Australia, US, Netherlands 9131 17.17.18]
LPAI H7N7 1979 2013 US, Italy, United Kingdom 5.0 6, 19, 20]
H3N2v 1992 2017 Canada, Hong Kong SAR, Netherlands, US, Vietnam 380; 2 114, 21-24]
HPAI H5N1 1997 2017 Azerbaijan, Bangladesh, Cambodia, Canada,® China, 856; 453 125-27)

Diibouti, Egypt, Hong Kong, Indonesia, Irag, Laos,

Myanmar, Nigeria, Pakistan, Thailand, Turkey,

Vietnam
LPAI HON2 1998 2015 Bangladesh, China, Egypt, Hong Kong, SAR® 36; 1 128-31]
LPAI H7N2 2003 2017 United Kingdom, US 7.0 18,32, 33]
HPAI H7N3 2004 2012 Canada, Mexico 4,0 34, 35]
LPAI H1ON7 2004 2012 Australia, Egypt 40 36, 37)
LPAI H7N3 2006 2006 United Kingdom 11 18]
HiN2v 2007 2015 Brazi, Philippines, US 10;0 114, 16, 38]
LPAI H7N9 2013 2017 Canada,® China, Malaysia, Taiwan® 1393; 534 139]
LPAI H1ON8 2013 2014 China 32 140]
LPAI HBN1 2013 2013 Taiwan 1;0 141]
HPAI H5NG 2014 2016 China 17; 12 142]
HPAI H7N9 2017 2017 China, Taiwan® 84 143)

Adapted and updated from articles by Perdue and Swayne [25], Myers et al [44], and Freidi et al [45]. Influenza viruses that normally circulate in swine are called “variant” viruses and are
designated by the letter v (eg, “H1N1v") when they occur in humans. Human infections with novel influenza viruses, including variant influenza viruses, were notifiable diseases only after
the revision of the International Health Regulations in 2005.

Abbreviations: LPA, low-pathogenicity avian influenza virus; HPAI, high-pathogenicity avian influenza virus; SAR, Special Administrative Region of China.

“Includes Taiwan and Hong Kong SAR

SImported case(s).
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Table 2. Host range of different hemagglutinin (H1-H18) and neuraminidase (N1-N9) subtypes

[43,44,54,68-70].

HA- NA- Human Swine Equine Domestic Waterfowl Sea Mammals Bat
Subtype  Subtype Poultry  Shorebirds  (Seal/Whale)

HI N1 HI/N1  HI/NI H1/N1 HI/N1 HI

H2 N2 H2/N2  H2/N2 H2/N2 H2/N2 N2

H3 N3 H3/N3 H3 H3 H3/N3 H3/N3 H3/N3

H4 N4 N4 H4 H4/N4 H4/N4 H4

H5 N5 H5 H5 H5/N5 H5/N5 N5

H6 N6 H6/N6  H6/N6 H6/N6 H6/N6

H7 N7 H7/N7 H7/N7  H7/N7 H7/N7 H7/N7

HS N8 N8 N8 HS/NS H8/N§

HY HY H9/H9 HY H9/N9 H9/N9 N9

H10 N10 H10 H10 H10 H10 N10

H11 N11 H11 H11 N11

H12 H12 Hi12

H13 H13 H13 H13

H14 Hi14 H14

H15 H15 H15

Hile Hi6 Hi6

H17 H17

H18 Hi18





