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Influenza 

Note: This factsheet provides an 

overview of the various influenza 

viruses in animals and humans. For 

more detailed information on avian, 

swine, equine and canine influenza 

and influenza D, please see 

individual factsheets at 

http://www.cfsph.iastate.edu/ 

DiseaseInfo/factsheets.php 
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Importance 

Influenza viruses are highly variable RNA viruses adapted to maintenance in 

various hosts, including humans. The four known viral species are designated influenza 

A, B, C and D. Influenza A viruses have multiple reservoirs in both birds and mammals. 

Wild aquatic birds are thought to be their natural hosts, but some viruses are maintained 

in poultry, and a limited number have adapted to circulate in people, pigs, horses or 

dogs. A separate, distinct group of influenza A viruses is maintained in bats. Influenza 

A viruses can, on occasion, affect other domesticated or wild mammals, including many 

that do not host their own influenza viruses. Cross-species transmission has also been 

reported with influenza B and C, which are viruses of humans, and influenza D, which 

seems to be maintained in cattle. Influenza viruses that infect a novel host do not usually 

not persist in that species; however, there are exceptions. In the last century, a few 

influenza A viruses adapted to circulate in pigs or dogs, avian influenza viruses caused 

or contributed to three pandemics in humans, and a virus from pigs caused a human 

pandemic in 2009. 

The consequences of an influenza virus infection depend on the specific virus as well 

as other factors, notably the health of the host. Host-adapted mammalian influenza viruses 

usually cause respiratory illnesses with high morbidity but low mortality rates. While 

severe or fatal cases are possible in healthy individuals, they mainly occur in conjunction 

with other diseases and stressors, debilitation or immunosuppression, as well as during 

infancy or old age. The risk of serious illness may increase when a new virus is introduced 

into a population and immunity to that virus is limited or absent, e.g., during pandemics. 

Many influenza virus infections in novel mammalian hosts likewise seem to mostly cause 

mild to moderate illnesses, though some viruses appear to be more dangerous. Birds have 

two types of avian influenza viruses. Most resemble mammalian viruses, spreading 

readily but generally causing only mild illnesses in healthy birds. However, a subset of 

these viruses can mutate to become highly virulent for chickens and turkeys, and 

sometimes for other birds. Such viruses, which are called highly pathogenic avian 

influenza (HPAI) viruses, can cause devastating outbreaks with morbidity and mortality 

rates that frequently approach 90-100%. HPAI outbreaks can have major economic 

impacts due to trade restrictions as well as the effects of the virus.   

Etiology 

The family Orthomyxoviridae includes four genera of influenza viruses, 

Alphainfluenzavirus, Betainfluenzavirus, Gammainfluenzavirus and Deltainfluenzavirus, 

which contain, respectively, influenza A, B, C and D viruses. 

Nomenclature of influenza virus strains 

Strains of influenza viruses are described by their type, host, place of first isolation, 

strain number (if any), year of isolation and subtype, if applicable. For example, the 

prototype strain of the H7N7 subtype of equine influenza virus, first isolated in 

Czechoslovakia in 1956, is A/eq/Prague/56 (H7N7). For human strains, the host is 

generally omitted. Numerous variants may develop after an influenza virus lineage has 

circulated for a time. These variants are frequently classified into clades and subclades.  

Influenza A viruses 

Influenza A viruses (species influenza A virus, genus Alphainfluenzavirus) are the 

most common influenza viruses in birds and mammals. This large group of highly 

variable viruses is adapted to circulate in particular hosts, but can occasionally infect 

other species. Most influenza A viruses are maintained in birds (avian influenza 

viruses), but a few circulate in mammals. Mammalian reservoir hosts include people 

(human influenza A viruses), pigs (swine influenza viruses), horses (equine influenza 

viruses), dogs (canine influenza viruses) and bats (bat influenza viruses). 

Influenza A viruses are classified into subtypes (e.g., H3N2, H5N1) based on two 

highly variable surface proteins, the hemagglutinin (HA) and neuraminidase (NA). 

These two proteins are critical for the virus to enter and exit a cell, and they are also 

major targets for the immune response. There are 18 recognized hemagglutinins (H1 to 

H18) and 11 neuraminidases (N1 to N11), with little or no immunological 
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cross-protection between different HA or NA types. Viruses 

with H1 through H16 and N1 through N9 can be found in 

birds, and a limited number of subtypes circulate in humans, 

horses, pigs and dogs. The H17N10 and H18N11 viruses, 

which only appear to infect bats, have distinctive 

hemagglutinins with a unique structure and binding 

properties, as well as unusual and distinctive 

neuraminidases. 

Variability and change in influenza A viruses  

Influenza A viruses regularly undergo small to large 

changes in their genome. Mutations cause gradual changes 

in a virus’s HA and NA genes, a process called ‘antigenic 

drift.’ If these two proteins change enough, a host’s existing 

immune responses against that virus may no longer be 

protective. Genetic reassortment, which results from “re-

shuffling” the 8 viral gene segments when two different 

viruses infect a single cell, can result in more rapid changes. 

Most influenza A viruses can reassort whether they are 

adapted to the same host species or originally came from 

different hosts (e.g., an avian influenza virus reasssorting 

with a swine influenza virus). However, the bat H17N11 

and H18N10 influenza viruses only seem to be able to 

reassort with each other. Reassortment can result in large or 

small changes in a virus, but an important aspect is that it 

can introduce a completely new HA, NA or both. Such 

abrupt changes, called ‘antigenic shifts,’ may be sufficient 

for the novel virus to completely evade the existing 

immunity in its usual host.  

The high variability in influenza viruses also means 

that two viruses with the same subtype, for instance an 

H3N2 avian influenza virus and an H3N2 swine influenza 

virus, or two different H1N1 swine influenza viruses, may 

be only distantly related.  

Acquisition and loss of influenza viruses  
in a species 

Each influenza A virus is adapted to circulate in a 

particular host, but viruses can occasionally infect other 

species. In most cases, the virus cannot be transmitted 

efficiently in the novel host and soon disappears. On rare 

occasions, however, a virus continues to circulate. Complex 

molecular adaptations, which are still not well understood, 

are likely to be required for a successful species jump. The 

viral surface proteins (HA and NA) and internal proteins 

both seem to be involved in host preferences. Viruses 

generally undergo a period of adaptation after the transfer, 

during which time they become more efficient at replicating 

in the new host.  

In some instances, whole viruses have jumped 

successfully to new species. Two examples are an equine 

H3N8 virus that became a canine influenza virus, and an 

avian H1N1 influenza virus that adapted to circulate in pigs 

in Europe in the 1970s. At other times, a new virus reassorts 

with a virus already circulating in that host. Avian and 

human influenza viruses, for instance, regularly contribute 

gene segments to swine influenza viruses. Reassortment can 

occur either in the new host or in an intermediate host, 

which then transmits the virus further. For example, an 

avian influenza virus could reassort with a human influenza 

virus in a pig, then be transferred to humans. Host jumps are 

thought to be more likely when different species are 

regularly housed in close proximity.  

Influenza A viruses can also disappear from host 

populations. Some viruses have vanished from humans, 

horses or pigs after circulating for years or even decades. 

For unknown reasons, the establishment of a new influenza 

virus in a species sometimes leads to the disappearance of 

an older viral lineage. 

Avian Influenza viruses 

Avian influenza viruses are extremely diverse, with 16 

hemagglutinins and 9 neuraminidases, each of which is also 

highly variable. These viruses form geographically distinct 

populations as the result of wild bird migration routes. The 

two major groups, the Eurasian and North American 

lineages, result from separate north-south flyways in the 

Eastern and Western Hemispheres.55 Overlap between these 

flyways in a few locations, such as in Alaska and Iceland, 

allows the occasional transfer of viruses between the two 

hemispheres, but this is uncommon and most lineages 

remain distinct.  

Avian influenza viruses are classified into two groups 

based on their virulence in chickens. The vast majority are 

‘low pathogenic’ or ‘low pathogenicity’ (LPAI) viruses, 

which replicate at only a few sites such as the respiratory 

and intestinal tracts, and, on their own, usually cause only 

mild illnesses in both poultry and wild birds. LPAI viruses 

with the H5 or H7 hemagglutinin may sporadically mutate 

to become highly pathogenic (or high pathogenicity) avian 

influenza (HPAI) viruses, which cause a severe and often 

fatal systemic disease in chickens and turkeys, though they 

are not necessarily highly virulent in other birds. Whether 

LPAI viruses with hemagglutinins other than H5 or H7 can 

ever become true HPAI viruses is still an open question, but 

if this occurs, it is very rare. 

LPAI virus lineages sometimes persist for a long time 

in poultry, generating numerous variants and reassorting 

with other avian influenza viruses. At present, there are two 

LPAI viruses of particular concern. One is an H9N2 lineage 

common in parts of the Eastern Hemisphere. The other is an 

H7N9 lineage that is currently limited to China. Both 

viruses are known to have caused a number of human 

infections, and the H7N9 infections are often serious in 

older people. The H7N9 LPAI viruses, which are mainly 

controlled by vaccination, have periodically generated 

H7N9 HPAI viruses.  

HPAI viruses are overall uncommon, as government 

control programs usually eradicate these viruses before they 

can become widespread, and their high fatality rates also 

limit their persistence in isolated flocks. A notable 

exception is the A⁄goose⁄Guangdong⁄1996 lineage (‘Asian 

lineage’) of H5N1 HPAI viruses, which first emerged in 

poultry in China in the late 1990s and has become 

widespread and diverse. It remains endemic in some 
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nations, where it is often controlled to some extent by 

vaccination; however, the virus continues to mutate, 

generating many variants. Asian lineage H5N1 HPAI 

viruses are a particular concern because they have caused 

life-threatening illnesses in people of all ages. 

Asian lineage H5N1 viruses have reassorted with other 

avian influenza viruses, and several new subtypes 

belonging to this lineage (e.g., H5N2, H5N5, H5N6 and 

H5N8) have been identified among poultry and wild birds 

in Asia, Europe and Africa, though only some have 

persisted. During the last decade, some Asian lineage H5 

viruses reached the Americas via wild bird migration and 

have generated new reassortants in this location.  

Human influenza A viruses 

H1N1, H1N2, H2N2 and H3N2 human influenza 

viruses have been widely distributed at times during the 

last century, but only H1N1 and H3N2 viruses are 

currently in general circulation. The existing viruses are 

under considerable selection pressure from naturally 

acquired and/or vaccine-induced immunity in a long-lived 

species, which results in a high rate of change. Human 

influenza A viruses tend to form a single global 

population, with the most successful variants spreading 

annually from region to region.  

New viruses occasionally become established in 

people, typically resulting in a pandemic where mortality 

is elevated, followed by the establishment of the novel 

virus as a circulating seasonal influenza virus. Pandemics 

were most recently reported in 1918-1919, 1957-1958, 

1968-1969 and 2009-2010. The 1918 ‘Spanish flu’ 

pandemic was caused by an H1N1 virus whose origins 

remain controversial. Some evidence suggests that it was 

probably an avian virus that became adapted to humans, 

while other studies indicate that it may have been a 

reassortant. This virus gradually changed as it circulated 

in the human population, then apparently disappeared in 

1957 when an H2N2 virus emerged.  

The 1957 and 1968 pandemics resulted from 

reassortment between avian and human influenza viruses. 

The 1957 H2N2 (‘Asian flu’) virus consisted of the HA, 

NA and an internal protein from an avian influenza virus, 

and five other proteins from a human H1N1 strain. These 

H2N2 viruses circulated in people between 1957 and 

1968. The H3N2 ‘Hong Kong flu’ virus, which appeared 

in 1968, had two new proteins from avian viruses - the new 

HA and an internal protein - but kept the NA and 

remaining proteins from the H2N2 virus. H1N1 viruses re-

emerged into human populations in 1977, and then co-

circulated with the H3N2 viruses. (While this event is also 

technically a pandemic, these viruses were not new, but 

descendants of the H1N1 viruses that first entered human 

populations in 1918, and they did not enter a fully 

susceptible population.)  

A novel swine-origin H1N1 virus emerged in human 

populations in 2009. This virus was a reassortant between 

North American H1N2 and Eurasian H1N1 swine influenza 

viruses, which contain some gene segments that originally 

came from avian and human influenza viruses. After the 

2009-2010 pandemic, this virus became the predominant 

seasonal H1N1 virus in people. It is currently designated 

A(H1N1)pdm09 but had several other names over the 

course of the pandemic, such as swine influenza virus, 

swine-origin influenza virus and novel H1N1. 

H1N2 viruses have not caused a pandemic to date, but 

viruses with this subtype been found at times in limited 

locations, and one H1N2 virus (which probably resulted 

from reassortment between H3N2 and H1N1 viruses) 

circulated globally between 2001 and 2003. 

Swine influenza viruses 

H1N1, H3N2 and H1N2 swine influenza viruses 

currently circulate in pigs. Other subtypes, such as H2N3 

and H3N1, are also reported occasionally but are not 

widespread. Each of the three major subtypes includes 

multiple viruses with diverse origins.  

One swine influenza virus, known as the classical 

H1N1 virus, seems to have circulated in pigs since the 

1918 human flu pandemic. The timing of outbreaks in 

farmers and their herds suggests that pigs acquired this 

virus from people, though it has also been argued that the 

human virus originally came from pigs. The H1N1 viruses 

circulating in pigs and people subsequently diverged. 

A(H1N1)pdm09 has also been transmitted many times from 

people to pigs, and it has contributed gene segments, 

including those of the hemagglutinin and neuraminidase, 

to various swine influenza viruses. Another common 

H1N1 virus is an avian-like virus, originally from birds, 

that entered pigs in Europe in the 1970s. 

H3N2 swine influenza viruses include multiple 

viruses that originated from various sources in Europe or 

Asia, as well as the North American triple reassortant 

H3N2 viruses, which contain HA and NA genes from 

human influenza viruses and internal protein genes from 

the classical H1N1 swine influenza virus, an avian 

influenza virus and a human influenza virus. The triple 

reassortant viruses, which are also called TRIG-containing 

viruses after their combination of internal genes, have 

become diverse, widespread and successful beyond North 

America, and sometimes carry other hemagglutinins 

and/or neuraminidases. 

Equine influenza viruses 

Equine influenza viruses seem to change more slowly 

than the viruses circulating in some other species; 

nevertheless, they do evolve. H7N7 and H3N8 viruses 

circulated widely in equids during the last century, but the 

H7N7 equine influenza viruses gradually became less 

common and are last known to have been isolated in 1979. 

The H3N8 viruses meanwhile became widespread, 

diverging into several lineages and sublineages, several of 

which disappeared or became uncommon. Most of the 

currently circulating H3N8 viruses belong to the Florida 

sublineage.  
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Canine influenza viruses 

No influenza viruses were known to circulate in dogs 

until the late 1990s or early 2000s, when a Florida sublineage 

H3N8 virus was acquired from horses in North America. This 

virus has adapted to dogs and diverged genetically from 

equine influenza viruses, to the point where it no longer 

readily infects horses. It was found regularly in North 

American dogs at one time, though lately it has become 

infrequent or apparently disappeared from many areas. 

Whether it will continue to circulate indefinitely is unclear. 

An H3N2 canine influenza virus, with gene segments 

entirely of avian origin, became established in some Asian 

countries in the mid-2000s. It has since diversified, with 

some variants containing gene segments from human and 

avian influenza viruses. It can be found in pets as well as 

strays and dogs farmed for food. 

Bat influenza viruses 

H17N10 and H18N11 influenza viruses have been found 

in South American bats. These viruses appear to be unique 

among influenza A viruses: they do not grow in the cell lines 

and chicken embryos used to isolate and propagate other 

influenza A viruses, the structure and binding properties of 

the H17 and H18 proteins differ from those of other 

hemagglutinins, the viral internal genes are distinctive, and 

the function of their neuraminidases is still unclear.  

An H9N2-like virus subsequently found in Egyptian 

fruit bats (Rousettus aegyptiacus) is more closely related to 

the influenza A viruses of other mammals and birds. It 

probably originated in birds, though it appears to be distinct 

from avian H9N2 influenza viruses. 

Influenza B viruses 

Influenza B viruses (species influenza B virus, genus 

Betainfluenzavirus) are similar to influenza A viruses in 

structure, but less diverse. They are categorized into lineages 

(and strains) based on the viral hemagglutinin, but not into 

subtypes. The two important lineages in people, at present, 

are represented by B/Victoria/2/87 and B/Yamagata/16/88. 

Both lineages are widespread and co-circulate, although one 

lineage may predominate in an area in any given year. 

Reassortment can occur within, and occasionally between, 

the two lineages; and influenza B viruses can undergo 

infrequent antigenic shifts. Antigenic drift also occurs, 

though it generally happens more slowly than in influenza A 

viruses. Influenza B viruses can cause epidemics, but they are 

not known to have caused any pandemics. 

Influenza C viruses 

Influenza C viruses (species influenza C virus, genus 

Gammainfluenzavirus) have one surface glycoprotein, the 

hemagglutinin-esterase-fusion protein, rather than separate 

hemagglutinin and neuraminidase proteins. They are 

antigenically more stable than influenza A viruses and 

accumulate fewer changes over time. At least six lineages 

(Taylor/1233/47-, Sao Paolo/378/82-, Kanagawa/1/76-, 

Aichi/1/81-, Yamagata/26/81- and Mississippi/80-related 

lineages) have been identified. Reassortment can occur 

between different strains or lineages. Influenza C viruses 

rarely cause epidemics and are not known to have caused 

any pandemics. 

Influenza D viruses  

Influenza D viruses (species influenza D virus, genus 

Deltainfluenzavirus) are most closely related to influenza C 

viruses, sharing approximately 50% amino acid identity and 

a similar gene structure with a single hemagglutinin-

esterase-fusion protein. When they were first discovered, 

they were also called influenza C-related livestock viruses. 

There are several recognized lineages of influenza D 

viruses, which can circulate simultaneously and can reassort 

to generate new variants. 

Species Affected 

Birds, pigs, equids, dogs, cattle and humans act as 

reservoir hosts for certain influenza A, B, C or D viruses, but 

these viruses can occasionally infect other domestic animals 

and wildlife. Limited evidence, mainly based on the detection 

of nucleic acids (PCR) and/or antibodies to influenza viruses, 

also suggests the possibility of influenza or influenza-like 

viruses in reptiles (crocodiles, snakes), amphibians (toads), 

fish and even the primitive hagfish (Eptatretus burgeri).  

Avian influenza viruses 

LPAI viruses have been found in a wide variety of birds, 

and others are known to be susceptible based on experimental 

infections. The majority of LPAI viruses are thought to 

circulate in wild aquatic birds, their probable natural 

reservoir. Reports have generally suggested that these viruses 

are sporadic or uncommon among birds that reside on land 

(terrestrial birds, e.g., passerines, raptors); however, a few 

recent studies described significant virus circulation in some 

terrestrial species, such as migratory swallows in Africa. 

When LPAI viruses from wild birds are transferred to 

poultry, the viruses may circulate inefficiently and die out; 

become adapted to the new host and continue to circulate as 

LPAI viruses; or if they contain H5 or H7, they may evolve 

into HPAI viruses. HPAI viruses are usually uncommon in 

wild birds, though there are a few reports of isolated 

outbreaks, and they may also be found transiently near 

outbreaks in poultry. The Asian lineage H5N1 viruses and 

their reassortants (e.g., H5N8 viruses) are an exception to 

this pattern and occur regularly in wild birds.  

Avian influenza virus infections have been seen 

sporadically in a wide variety of mammals, either with or 

without significant clinical signs. Affected mammals include 

species that do not act as maintenance hosts for any influenza 

A viruses (e.g., cats and zoo felids, cattle and other ruminants, 

mink, ferrets, guinea pigs, foxes, raccoons, marine 

mammals and many other wild species) as well as those that 

do (e.g., pigs, horses, dogs). Many of the published cases 

involve Asian lineage H5 viruses, possibly because they are 

more severe and/or there is particular interest in these viruses, 

but other HPAI and LPAI viruses can also be found. 

Infrequently, avian influenza viruses have adapted to 

circulate either short-term or indefinitely in other species. 
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Human influenza viruses 

Human influenza A viruses mainly cause disease in 

people, but nonhuman primates and ferrets are also known to 

be susceptible, and infections or illnesses have been 

documented occasionally in other species. Particular interest 

has been paid to A(H1N1)pdm09, which has been found 

regularly in pigs and turkeys, and sporadically in other 

species. Sick animals have included dogs, cats, ferrets, 

farmed mink, and captive wildlife including cheetahs, an 

American badger (Taxidea taxus taxus); a Bornean 

binturong (Arctictis binturong penicillatus), giant pandas 

(Ailuropoda melanoleuca) and sloth bears (Melursus 

ursinus). Serological studies of healthy dogs and cats 

suggest that occasional A(H1N1)pdm09 infections may not 

be unusual in these species. There are also a few reports of 

A(H1N1)pdm09 in free-living wildlife such as wild boar, 

healthy northern elephant seals (Mirounga angustirostris) 

and sick striped skunks (Mephitis mephitis).  

A few reports described virological and/or serological 

evidence for infections with H3N2 and older H1N1 viruses 

in cats, dogs, guinea pigs, cattle, yaks, water buffalo, small 

ruminants, Bactrian camels, horses, captive sloth bears and 

other mammals, though the strength of the evidence varies. 

There is one report of antibodies to H2N2 viruses in cats 

during the 1957 pandemic, though at the time it was 

dismissed as unlikely because cats were not thought to be 

hosts for influenza viruses. Some birds, including ducks, 

quail and certain seabirds, might also be susceptible to certain 

human influenza A viruses. Chickens do not seem to be 

readily infected by A(H1N1)pdm09. 

Swine influenza viruses 

Swine influenza viruses mainly affect pigs, but some 

viruses also cause disease in turkeys (chickens do not seem 

to be susceptible), and sporadic reports have described 

infections in other animals including farmed ferrets and 

mink, dogs, cattle, a duck and possibly a sheep. Calves, 

sheep and ducks have been infected experimentally. Once a 

virus enters turkey flocks, it can be maintained in this 

species.  

Equine influenza viruses 

Equine influenza viruses mainly affect horses and other 

equids. Sporadic infections have been seen in dogs, and one 

H3N8 virus became established as a canine influenza virus. 

An H3N8 equine influenza virus was found during 

surveillance of healthy Bactrian camels, an H1N7 

reassortant between swine and equine influenza viruses was 

detected in pigs in Europe, and an H3N8 virus was isolated 

from sick pigs in China, though another equine H3N8 virus 

did not replicate well in experimentally infected swine. 

Experimental infections with equine influenza viruses have 

been reported in dogs, cats, ferrets, mink and a yak (Bos 

grunniens). Cattle were also susceptible in an older study, 

but a more recent report found they were not infected by an 

aerosolized H3N8 virus. 

 

Canine influenza viruses 

The H3N8 canine influenza virus only seems to affect 

dogs. While this virus can still infect horses under some 

experimental conditions, this does not seem to occur 

readily. Laboratory studies found that chickens, turkeys, 

ducks and pigs did not seem to be susceptible. 

The H3N2 canine influenza virus is maintained in dogs, 

but it also causes clinical cases in cats, and it is able to infect 

ferrets and guinea pigs. One serological study suggested the 

possibility of infections in some horses exposed to dogs in 

Asia, but this remains to be confirmed. 

Bat influenza viruses 

No species other than bats is known to be susceptible 

to the H17N10 and H18N11 viruses. An H18N11 virus 

replicated poorly in experimentally infected ferrets, which 

are susceptible to many influenza A viruses, and mice. The 

H9N2-like virus from Egyptian fruit bats replicated in the 

lungs of experimentally infected mice, but did not infect 

chickens. 

Influenza B viruses 

Influenza B viruses are maintained in people. Natural 

and/or experimental evidence of susceptibility has been 

reported occasionally in seals, pigs, dogs, cats, guinea 

pigs, horses, captive nonhuman primates, and some birds 

(e.g., pheasants, mallard ducks), with clinical signs 

reported in ferrets, seals and experimentally infected 

pheasants. The evidence for a species’ susceptibility may 

sometimes be equivocal. For instance, one group 

recovered an influenza B virus from dogs during an 

outbreak in Japan, and older studies described 

experimental infection of this species, but a recent study 

found no evidence of productive infections in the dogs 

they inoculated.  

Most species are probably infected only transiently 

with influenza B viruses, though some evidence suggests 

that either seals or an unknown marine host might 

maintain a subset of viruses distinct from those in humans. 

Pigs can transmit these viruses to other pigs, but 

surveillance found no evidence for prolonged virus 

maintenance in infected herds. Limited animal-to-animal 

transmission was also demonstrated in experimentally 

infected guinea pigs, pheasants and mallards, but not 

chickens. 

Influenza C viruses 

Influenza C viruses are maintained in people, but these 

viruses have been also been isolated from pigs and cattle, 

and serological evidence of infections has been found in 

pigs, dogs, horses and camels. Experimental infections have 

been established in hamsters, rats, nonhuman primates, 

dogs, pigs and ferrets, though only the dogs and pigs 

became ill. 
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Influenza D viruses 

Cattle appear to be the reservoir hosts for influenza D 

viruses, but they also infect pigs, and antibodies have been 

detected in wild boar, sheep, goats, horses, water buffalo, 

dromedary camels and some cervids. Experimental 

infections have been established in horses, ferrets and 

guinea pigs. 

Zoonotic potential of influenza viruses 

Swine and avian influenza viruses of various subtypes 

have caused occasional clinical cases in people, and 

serological studies suggest the possibility of additional mild 

or subclinical infections. A few infections were acquired 

from animals other than the reservoir host, for example 

seals infected with avian influenza viruses or turkeys 

infected with swine influenza viruses. Experimental 

infections in volunteers also demonstrated susceptibility to 

equine influenza viruses and one possible case was reported 

in the literature, though there is no definitive evidence for 

any naturally acquired cases.  

There are currently no known clinical cases from 

canine influenza viruses or influenza D virusese, though 

serosurveys and PCR testing of nasal swabs suggest that 

exposure to influenza D virsues may be common among 

people who work with livestock. The zoonotic potential of 

H17N10 and H18N11 bat influenza viruses is likewise 

unknown, but some sources consider human infections to 

be unlikely.  

Geographic Distribution 

Human influenza A, B and C viruses are 

cosmopolitan, and similar sets of viruses tend to circulate 

in most populations. With a few exceptions (e.g., island 

nations maintained free of equine influenza), swine 

influenza viruses, equine influenza viruses and LPAI 

viruses also occur wherever their maintenance hosts exist. 

However, the specific composition of these viruses often 

differs between regions. Influenza D viruses likewise 

seem to be widely distributed, and have been found on all 

major continents. 

Canine influenza viruses are more limited in their 

distribution. The H3N8 canine influenza virus has mainly 

been found in North America, with a few reports of its 

possible presence outside this area, while the H3N2 canine 

virus circulates in parts of Asia and has been reported 

periodically in North America, often in outbreaks 

associated with imported dogs. The distribution of bat 

influenza viruses is still poorly understood. The H17N10 

and H18N11 influenza viruses were found in South 

America, while the H9N2-like bat virus was detected in 

Egypt and might exist in other parts of the Eastern 

Hemisphere, based on serology.  

Transmission 

Influenza viruses spread most readily during close 

contact and in closed environments. The possibility of 

wind-borne aerosol transmission has also been suggested in 

rare instances, if there are large concentrations of infected 

animals and suitable climatic conditions, but remains 

controversial.  

Avian influenza viruses can be shed in both the feces 

and respiratory secretions of birds, but the relative amount 

of virus found at each site depends on the specific virus and 

host species. Most viruses in waterfowl are mainly spread 

by fecal-oral transmission; however, respiratory spread is 

also important in terrestrial birds, such as gallinaceous 

poultry, and can be the predominant route in some species. 

HPAI viruses are sometimes found in the internal contents 

of eggs, though this either does not happen or is very rare 

with LPAI viruses. 

Mammalian influenza viruses are usually transmitted 

by the respiratory route, with the eye acting as an additional 

entry point. These viruses and/or their nucleic acids have 

been found occasionally in the feces, and fecal-oral spread 

is thought to be the predominant route for H17N10 and 

H18N11 influenza viruses in bats. Whether there is any 

significance fecal shedding of other influenza virusese in 

mammals is unclear, and it may simply reflect swallowed 

viruses from the respiratory tract. Some avian and human 

influenza A viruses are capable of replicating in the 

mammary gland of ruminants. Experiments on human 

influenza viruses employed direct instillation of the virus 

into the udder and demonstrated virus proliferation in both 

lactating and non-lactating cattle. Whether the Asian 

lineage H5N1 viruses, which have been found in the milk 

of some naturally infected cattle, reach this site by direct 

contact or after respiratory infection is still uncertain. 

Occasionally, influenza viruses may be transmitted by 

other routes. Carnivorous birds or mammals can acquire 

these viruses by eating raw tissues, eggs, or milk from 

infected hosts. Some of these viruses may contaminate the 

respiratory tract during the process of eating, but direct 

gastrointestinal exposure has been demonstrated to result in 

infections in some cases. Transplacental transmission of 

influenza viruses is thought unlikely in most instances; 

however, viral antigens and nucleic acids were found in the 

fetus of a woman who died of an Asian lineage H5N1 

infection, and a ferret model confirms that some viruses 

might cross the placenta in systemic infections with high 

viremia. Turkeys can be infected by A(H1N1)pdm09 via 

artificial insemination as well as other routes. 

Influenza viruses may or may not spread efficiently in 

species other than their usual hosts. In many cases, such 

infections remain limited to a single individual or a few 

close contacts. However, there are also reports of larger 

outbreaks, including some that affected hundreds or 

thousands of individuals. A few viruses seem well adapted to 

propagate in certain incidental hosts, such as some swine 

influenza viruses in turkeys.  

Survival of influenza viruses in the environment 

Environmental persistence of viable influenza viruses 

is influenced by the type of surface and ambient conditions. 

Low temperatures and protection from sunlight enhance 
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survival. While there are reports of influenza A viruses 

persisting for up to a few days or more on fomites under 

laboratory conditions, especially when added in large 

amounts and protected from UV light, they often remain 

viable for less than 24-48 hours on most surfaces, and seem 

to be infectious for just a few minutes to hours in many 

natural environments. Protection in feces or other organic 

material can prolong their survival.  

Influenza viruses can also survive longer suspended in 

liquids, which protect them from desiccation. Both 

mammalian and avian influenza viruses are reported to remain 

viable for several weeks to several months or more when 

suspended in distilled water or sterilized environmental water 

in the laboratory; however, this may be reduced to a few days 

(or less) to a few weeks in some natural water sources. The 

prolonged persistence of influenza viruses in water is thought 

to facilitate transmission among aquatic birds.  

Disinfection 

Influenza A viruses are susceptible to a wide variety of 

common disinfectants, such as sodium hypochlorite, 60-

95% ethanol, acids, povidone-iodine and other agents. 

Common household agents including 1% bleach, 10% malt 

vinegar or a 0.01-0.1% solution of dishwashing soap in 

water (“washing up liquid”) were found to be effective for 

human influenza viruses, although hot water (55°C; 131°F) 

alone did not rapidly eliminate them. Influenza A viruses 

can also be inactivated by heat of 56-60°C (133-140°F) for 

a minimum of 60 minutes (or higher temperatures for 

shorter periods), as well as by ionizing radiation or extremes 

of pH (pH 1-3 or pH 10-14).  

The disinfectant and heat susceptibility of influenza B, 

C and D viruses to disinfectants has not been examined 

extensively, but it is probably similar. However, an 

apparently higher resistance of influenza D to acid pH 

suggests that some disinfection methods (e.g., 10% malt 

vinegar) should be tested rather than assuming efficacy. 

Infections in Animals 

Incubation Period 

Clinical signs of influenza typically appear within a 

few days in all species, though there are occasional reports 

of longer incubation periods, for instance in some dogs and 

cats experimentally infected with H3N2 canine influenza 

viruses, or turkeys and ostriches infected with some avian 

influenza viruses.  

Clinical Signs 

Common clinical signs in mammals are acute onset 

cough, sneezing and serous to mucopurulent nasal 

discharge, which may be accompanied by nonspecific signs 

of illness such as lethargy, reduced appetite and fever. 

Subclinical and very mild infections are also possible. 

Healthy animals usually recover from uncomplicated 

influenza within a few days to a week or two, but prolonged 

signs such as persistent coughing are possible. More severe 

illnesses are seen occasionally, especially in very young, 

old or debilitated animals, and can include primary viral 

pneumonia (e.g., in young foals without maternal 

antibodies), secondary bacterial infections that exacerbate 

the clinical signs, and other respiratory and systemic 

complications. Some of these cases can be fatal. To date, 

clinical signs have not been reported in bats infected with 

bat influenza viruses. 

LPAI and HPAI viruses cause very different 

syndromes in poultry. LPAI viruses often infect birds 

subclinically or cause mild illnesses, though the clinical 

signs can be exacerbated by concurrent infections or 

stressors such as poor husbandry. Respiratory and/or 

nonspecific signs, as well as disorders of egg laying 

(decreased egg production, misshapen eggs, decreased 

fertility or hatchability), are common during outbreaks in 

chickens and turkeys, and may be accompanied by 

somewhat increased flock mortality. Similar signs may be 

seen in some other birds, but domestic ducks and geese are 

often infected subclinically, and clinical signs are usually 

subtle or absent in free-living wild birds. 

In chickens and turkeys, HPAI viruses usually cause a 

systemic illness that can kill most of the flock. Diarrhea, 

neurological and/or respiratory signs, ecchymoses on the 

shanks and feet, edema and cyanosis of the unfeathered 

skin, and severe effects on egg production are common. 

Sudden death is also seen. The effects of HPAI viruses on 

other species can vary. In particular, many HPAI virus 

infections in waterfowl are mild, though there may 

sometimes be respiratory signs (e.g., sinusitis), diarrhea, 

corneal opacity and occasional cases with neurological 

signs, and flock mortality may be somewhat increased. 

Some recent Asian lineage H5 HPAI viruses appear to be 

more virulent across species, and have caused various 

combinations of nonspecific signs, respiratory signs, 

greenish diarrhea, neurological disease and/or sudden death 

in many domesticated and wild birds, including waterfowl. 

Influenza A viruses in incidental hosts 

Some infections in incidental hosts resemble influenza 

caused by host-adapted influenza viruses, with most 

animals developing mild to moderate respiratory illnesses, 

and more severe cases or outbreaks often attributed to co-

infections or host factors such as age. In birds, such as 

turkeys infected with swine influenza viruses, the signs can 

include effects on egg laying. There are also reports of 

viruses that cause severe or fatal influenza in apparently 

healthy animals, with dyspnea and/or systemic disease that 

may include neurological signs. Hemorrhagic pneumonia 

was common in H3N8 virus-infected racing greyhounds 

when these viruses first adapted to dogs. Asian lineage H5 

HPAI viruses have caused a number of fatal cases in various 

mammalian hosts, though not all illnesses caused by these 

viruses are severe. The latter include the recent H5N1 

outbreaks among cattle in North America, where the 

illnesses are usually mild and self-limited, and mastitis is 

often a prominent sign. 
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Human influenza A viruses in animals 

Human influenza A viruses can cause occasional 

illnesses in animals. Ferrets, which are regularly affected by 

these viruses, typically develop respiratory and nonspecific 

signs of varying severity, e.g., fever, anorexia, depression, 

sneezing, nasal discharge and a cough. Conjunctivitis, otitis 

and diarrhea have also been reported. While most ferrets 

recover without complications, the illness can be severe in 

neonates and occasionally in older animals, particularly 

those that are elderly, stressed, have other health issues or 

develop secondary bacterial infections.  

Sporadic reports have also described nonspecific 

and/or upper or lower respiratory signs, ranging from 

sneezing and nasal discharge to dyspnea, in cats and dogs. 

Most cases were described during and after the 2009 

pandemic, but there are a few published reports of H3N2 

virus-infected dogs with respiratory signs in the 1970s. A 

few A(H1N1)pdm09 infections were fatal, sometimes 

progressing rapidly to the terminal stage, and some cats that 

recovered were sick for several weeks. One cat that died had 

evidence of myocarditis in addition to lung involvement at 

necropsy, but whether this was a pre-existing condition or 

caused by the virus is not known. Clinical signs in cats and 

dogs experimentally infected with A(H1N1)pdm09 or 

H3N2 viruses were often mild or absent, and serological 

studies in healthy dogs and cats also suggest that many 

naturally-acquired infections may be subclinical or mild.  

A(H1N1)pdm09 has caused numerous swine influenza-

like outbreaks, which were generally mild, in pigs. Decreased 

egg production and quality often seem to be the only 

significant signs in turkey herds infected with this virus, 

though co-infections may result in additional signs. A few 

reports described respiratory illnesses in various 

A(H1N1)pdm09-infected captive wildlife. Some of these 

cases were severe, though most animals recovered with 

supportive care. This virus was also found in dead wild striped 

skunks with severe secondary bacterial bronchopneumonia 

and concurrent Aleutian disease virus infections. It is possible 

that these skunks acquired the virus from farmed mink.  

Acute respiratory disease outbreaks among Bactrian 

camels in Mongolia between 1978 and 1988 were attributed 

to a reassortant H1N1 human influenza virus that might 

have been an improperly inactivated vaccine strain. 

Although the case fatality rate was 9%, experimentally 

infected camels had milder signs and there were no deaths, 

suggesting that secondary bacterial infections or other 

factors may have contributed to the outbreaks’ severity. 

There are also some older studies in cattle reporting an 

association between various human influenza A viruses 

and/or rising serologic titers to these viruses with a drop in 

milk yield and/or nonspecific or respiratory signs. 

Antibodies that reacted with human H3N2 viruses were 

found in a yak/ zebu cross, and an experimentally infected 

yak had a mild cough and malaise. Horses experimentally 

infected with a human H3N2 virus developed a mild febrile 

illness, while sheep and calves inoculated with these viruses 

had influenza-like respiratory signs in some experiments 

but were subclinically infected in others. One study 

reported that there were no signs after inoculation of calves 

with three H3N2 viruses isolated from people, but an H3N2 

virus recovered from a naturally infected, sick calf caused 

mild, transient rhinitis and nasal discharge. 

Influenza B 

Ferrets are known to be susceptible to influenza B as 

well as influenza A viruses, and can develop similar clinical 

signs. One old field report suggested that an influenza-like 

outbreak in pigs might have been caused by influenza B 

viruses acquired from people, based on serology and the 

timing of the illness, which occurred concurrently with a 

human outbreak. Subsequent studies found mild respiratory 

signs and/or lesions in some experimentally infected pigs. 

Ponies inoculated with influenza B viruses sometimes had 

a transient fever, and one animal became ill, with the signs 

described as sweating, listlessness and unusually heavy 

breathing. Influenza B infections have also been reported in 

some stranded seals, though their role in the stranding, if 

any, may be difficult to ascertain.  

Influenza C 

Influenza C viruses have been found in pigs and cattle, 

though their contributions to the reported clinical signs, if 

any, are still unclear. Experimentally infected pigs had nasal 

discharge and slight dyspnea without fever, while 

experimentally infected dogs developed conjunctivitis and 

nasal discharge. Experimentally infected rats, hamsters, 

ferrets and nonhuman primates did not become ill. 

Influenza D 

Whether influenza D viruses are significant pathogens 

is still unclear, but some authors have suggested that they 

may contribute to multifactorial illnesses in cattle and pigs, 

in particular the bovine respiratory disease complex 

(shipping fever). These viruses are also found in 

asymptomatic pigs and cattle. Experimentally infected 

horses remained asymptomatic. 

Post Mortem Lesions  Click to view images 

Gross lesions caused by LPAI viruses are usually 

limited to tracheitis, rhinitis, sinusitis and ovarian lesions 

(e.g., involuted and degenerated ova), though lower 

respiratory tract lesions may be seen in birds with secondary 

bacterial infections. HPAI viruses cause severe lesions, 

similar to those of other systemic avian diseases, in 

chickens and turkeys. Common lesions include superficial 

edema and cyanosis of unfeathered tissues, internal and 

external hemorrhages (e.g., ecchymoses, petechiae), edema 

and congestion in internal organs, and severe airsacculitis 

and peritonitis. The lesions may be minimal in birds that die 

in the early stages of the illness. HPAI lesions in other 

species of birds vary, but wild or domestic birds severely 

affected by Asian lineage H5 HPAI viruses often have 

necrotic lesions in the pancreas. 
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Upper respiratory tract involvement alone is common 

in mild influenza in mammals, while more severe cases may 

have diffuse congestion and edema in the lungs, 

bronchopneumonia with consolidation, or lesions of 

bacterial pneumonia. Hemorrhagic pneumonia is generally 

rare, but it was seen in a number of fatal H3N8 canine 

influenza cases in greyhounds during the early stages of 

that outbreak, as well as some of the early fatal cases of 

canine H3N2 influenza reported in dogs in Asia. Later 

infections caused by these viruses resembled typical 

mammalian influenza. Hemorrhagic lesions were found in 

the respiratory tract and intestinal serosa of two cats that 

died during an early A(H1N1)pdm09 outbreak in a cat 

colony, though the other cats has more typical influenza 

lesions, including those of secondary bacterial pneumonia.  

Systemic and/or respiratory lesions, such as 

hemorrhages and/or congestion in various internal organs 

and multifocal hepatic necrosis have been described in 

some mammals with severe illnesses causes by Asian 

lineage H5 HPAI viruses. However, some animals have 

only limited mild lesions, and mastitis was the most 

prominent lesion in many infected cattle. 

Diagnostic Tests 

Influenza A viruses, their antigens and/or nucleic acids 

can be detected in respiratory samples from mammals and 

respiratory and/or intestinal samples (e.g., cloacal swabs) 

from birds. They can also be found in affected internal 

organs, such as the lungs, at necropsy. Virus shedding is 

usually brief in mammals, and samples from live animals 

should be collected as soon as possible after the onset of 

clinical signs. Routine diagnosis is usually with RT-PCR 

and/or antigen detection assays (e.g., ELISAs, 

immunostaining). Some of these tests can detect viruses of 

certain subtypes, while others only recognize the agent as 

an influenza A virus. 

Virus isolation is done infrequently, and is particularly 

useful for the characterization of the virus. Avian influenza 

viruses and the H9N2-like virus found in bats can be isolated 

in embryonated eggs, and either eggs or cultured cell lines 

can be used for most mammalian influenza viruses; however, 

H17and H18 bat viruses can only be grown in a few cell lines 

not normally employed in influenza virus isolation (e.g., 

MDCK II, RIE 1495 and Calu-3 cel1s). The subtype of a 

recovered virus can be identified with specific antisera 

(hemagglutination and neuraminidase inhibition tests), or 

various genetic tests e.g., RT-PCR, sequencing). Genetic 

tests to identify characteristic patterns in the HA’s cleavage 

site and/or virulence tests in young chickens distinguish 

LPAI viruses from HPAI viruses. A virus’s susceptibility to 

antiviral drugs can also be determined after isolation. 

Serology may occasionally be employed in diagnosis, 

though it is more likely to be used in surveillance and 

vaccine testing. It generally requires paired serum samples 

and a rising antibody titer, though a single antibody test may 

be suggestive if a region is virus-free or the virus is unusual 

in that host. Cross-reactivity between influenza viruses can 

be an issue, and anti-HA titers may be low or absent in some 

animals infected with viruses adapted to other species. 

Chickens and turkeys infected with HPAI viruses usually 

die before any antibodies develop. 

Similar tests, especially RT- PCR, can be used to 

identify influenza D virus infections or aberrant influenza B 

or C infections in animals. Isolation of live virus, as opposed 

to PCR alone, strengthens the case that an unusual virus is 

responsible for the clinical signs. A rising antibody titer can 

also be helpful. 

Treatment 

Mammals with influenza are usually treated 

symptomatically with rest and supportive care, including 

antibiotics as needed to control secondary bacterial 

infections. With rare exceptions, administering the antiviral 

drugs used in humans is considered inadvisable. One issue 

is that the brief period when viruses are most susceptible to 

these drugs (48 hours) has often passed by the time the 

animal is seen. Another is that indiscriminate use of 

antivirals can contribute to drug resistance in the circulating 

viruses. There may, however, be instances where these 

agents are useful. For instance, oseltamivir was given to 

giant pandas infected with A(H1N1)pdm09. One antiviral 

drug, amantadine, was suggested for some sick ferrets 

infected with human influenza viruses in the past; however, 

its efficacy is now doubtful, as a high proportion of the 

currently circulating viruses are amantadine-resistant. 

Control 

Disease reporting 

Veterinarians who encounter or suspect a reportable 

form of influenza should follow their national and/or local 

guidelines. HPAI viruses are usually reportable, but the 

requirements for other viruses vary. 

Prevention 

Biosecurity measures help reduce the risk that influenza 

viruses will be introduced into a flock, herd or exhibit. In 

addition to routine hygiene and sanitation, some sources of 

infection to consider are contact with susceptible wild or 

domestic animals, fomites, and contaminated drinking water 

or feed, including pork or poultry meat fed to mink, as well 

as contact with people who may be infected with viruses 

transmissible to animals. Measures such as all-in/all-out 

production or isolation and testing of newly acquired 

animals are also helpful.  

Management measures, such as resting horses, can help 

decrease the severity of the illness if an outbreak occurs. 

Isolating sick animals may decrease transmission within a 

facility, and quarantines reduce transmission between 

premises. HPAI outbreaks are controlled by depopulating 

infected flocks, combined with other measures to ensure 

elimination of the virus, such as movement controls, 

quarantines and perhaps vaccination. Testing and 

movement controls, together with a vaccine that could 

distinguish infected from vaccinated animals, were used 
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during an equine influenza virus outbreak in Australia, 

which is normally free of these viruses. Infected swine 

herds have sometimes been cleared of influenza viruses by 

depopulation or management measures, but virus-free 

status may be difficult to maintain. 

Preventive measures for pets include awareness of 

potential susceptibilities (e.g., human seasonal influenza 

viruses in ferrets) and, to the extent practical, avoidance of 

close contact with the source of the infection.  

Vaccines 

Vaccines are available for avian, swine, equine and 

canine influenza viruses. Vaccines must be well-matched 

with the virus and may reduce transmission but do not 

reliably prevent infection and virus shedding. They can also 

place selection pressures on influenza viruses, which can 

promote the evolution of vaccine-resistant isolates. Swine 

influenza viruses have become very diverse in some areas, 

making vaccination of this species a particular challenge. 

Vaccination of poultry flocks is either restricted or limited 

to flocks participating in surveillance programs in some 

countries, as the birds can become infected while displaying 

few or no clinical signs.  

Morbidity and Mortality 

Influenza viruses other than HPAI viruses tend to be 

widespread and common in their reservoir hosts. However, 

canine influenza viruses appear to be patchy in their 

distribution, and the H3N8 canine influenza virus is 

uncommon in pets, probably due to the relatively low 

frequency of contact between dogs from different households 

in North America. Whether it will persist indefinitely is 

uncertain.  

Influenza viruses often spread rapidly and may affect 

most or all of the animals in a closed group, such as a kennel 

or stable. The pattern of infections and disease also reflects 

the level of immunity, including waning protection from 

maternal antibodies, and periods of increased contact with 

other hosts. In wild birds, LPAI virus infection rates are 

particularly high at sites where young birds are first exposed 

to these viruses, e.g., gathering areas for migration. Similarly, 

endemic swine influenza viruses in some production systems 

mainly affect young animals as their maternal antibodies 

wane and they are mixed with other pigs. 

Illnesses caused by LPAI viruses and mammalian 

influenza viruses are usually characterized by high 

morbidity and low mortality, with severe disease more 

likely to occur in animals that are elderly or very young, 

have underlying illnesses, or are stressed by conditions such 

as transport or poor management. Serious cases in healthy 

animals may, however, increase when a new virus is 

introduced to the population. HPAI virus infections are 

usually severe in chickens and turkeys, regardless of their 

health, with cumulative morbidity and mortality rates that 

approach 90-100%. Nevertheless, there have been reports 

of milder and more limited outbreaks in poultry, including 

some caused by recent Asian lineage H5 viruses in Europe. 

The effects of HPAI viruses on other birds vary, but some 

recent Asian lineage H5 HPAI viruses seem to be highly 

virulent for many hosts, including some that are relatively 

resistant to other HPAI viruses.  

It is difficult to generalize about influenza virus 

infections in incidental hosts, as the reported infections 

range from mild to severe. In addition, severe cases or 

outbreaks are more likely to be investigated, while a mild 

illness assumed to be a common respiratory disease will 

probably be treated empirically, without testing. Asian 

lineage H5 HPAI viruses, which have caused many of the 

sporadic severe cases and deaths in healthy animals in 

recent decades, appear to be particularly virulent in a 

number of species, though some hosts, such as pigs or 

cattle, mostly seem to experience milder cases. 

Human influenza viruses in animals often seem to be 

relatively mild. While some A(H1N1)pdm09 cases 

documented in pets and zoo animals during the 2009 

pandemic were serious or fatal, subsequent studies reported 

seroprevalence from < 0.5% to approximately 45% in cats 

and dogs, suggesting that many mild or subclinical infections 

might be missed. These studies also found that some dogs and 

cats were seropositive for human H3N2 viruses or H1N1 

viruses that circulated before 2009, and sometimes 

documented increasing seroprevalence to A(H1N1)pdm09 

and decreasing seroprevalence to the latter viruses.  

Infections in Humans 

Incubation Period 

The incubation period for seasonal human influenza 

is usually a few days or less. It appears to be similar in 

most zoonotic cases, though illnesses caused by avian 

influenza viruses have occasionally appeared up to 2 

weeks after exposure. 

Clinical Signs 

Seasonal human influenza 

Uncomplicated infections with human influenza A or B 

viruses are usually characterized by acute upper respiratory 

and nonspecific signs that may include headache, myalgia, 

weakness, anorexia, photophobia, sneezing, rhinitis, sore 

throat and a cough. Fever is common in children, but may be 

absent in a significant number of adults. Conjunctivitis is 

possible but uncommon. Intestinal signs (vomiting, nausea, 

diarrhea, abdominal pain), otitis media and febrile seizures 

can also be seen, especially in children. Dehydration is a 

particular concern in very young patients. Most people 

recover from uncomplicated influenza within a week, but 

coughing and tiredness may persist longer, and secondary 

bacterial infections can exacerbate or prolong the symptoms.  

Severe illnesses occur most often in the elderly or those 

with underlying diseases, though they can be seen rarely even 

in young, healthy people. Patients with viral or secondary 

bacterial pneumonia can deteriorate rapidly and may develop 

acute respiratory distress syndrome, multiple organ failure 
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and other serious syndromes. Influenza can also result in the 

decompensation or exacerbation of underlying diseases such 

as chronic lung or cardiac conditions, poorly controlled 

diabetes, chronic renal failure or end-stage liver disease. 

Infrequent complications include various neurological 

syndromes (e.g., encephalitis), benign acute childhood 

myositis, rhabdomyolysis and myocarditis. Influenza-related 

deaths are usually the result of pneumonia, the exacerbation 

of a cardiopulmonary condition or other chronic disease, or 

complications associated with conditions such as old age. 

Influenza C virus infections are mainly characterized by 

mild upper respiratory disease, with or without fever, with 

some studies also reporting gastrointestinal signs or otitis. 

Cases with lower respiratory signs have been reported, but 

seem to be unusual. There are rare reports of patients with 

neurological signs, including seizures/ unconsciousness in an 

infant, and drowsiness and hemiparesis in a child. 

Influenza viruses from animals 

Most reported swine influenza virus infections have 

been relatively mild and resembled human influenza, 

though ocular inflammation/ conjunctivitis seems to be 

more common than with human-adapted viruses. 

Occasional severe disease has been seen mainly in people 

with underlying health conditions, the elderly or the very 

young, though there are a few reports of serious illnesses 

and deaths in healthy younger adults. Naturally-occurring 

equine influenza cases have not been described, but healthy 

volunteers inoculated with equine influenza viruses either 

remained asymptomatic or developed flu-like upper 

respiratory signs.  

Avian influenza viruses sometimes cause isolated 

conjunctivitis, conjunctivitis accompanied by upper 

respiratory signs, or relatively mild respiratory signs 

without eye involvement. There are also reports of more 

severe or fatal illnesses, sometimes in those who are elderly 

and/or in poor health, but also sporadically in younger, 

healthy people. Serious illnesses caused by H7N9 and 

Asian lineage H5 viruses can progress quickly from fever 

and upper respiratory signs to lung involvement with rapid 

deterioration. Gastrointestinal signs such as diarrhea, 

vomiting and abdominal pain have been seen in some of 

these patients, and the H5 viruses have occasionally caused 

mucosal bleeding. Concurrent bacterial and/or fungal 

infections, including respirator-associated infections, seem 

to be relatively common in severe H7N9 cases, and may 

contribute to the clinical picture. The H7N9 viruses can also 

cause uncomplicated illnesses with mild upper respiratory 

signs, especially in younger, healthy individuals. Until 

recently this seemed to be rare with the H5 viruses and was 

mostly documented in children. However, sporadic reports 

of milder illnesses such as conjunctivitis or mild upper 

respiratory signs have now been reported occasionally in 

people infected with Asian lineage H5 viruses in Europe or 

North America. Whether the treatment of these individuals 

with antiviral drugs contributed to the mildness of these 

cases is unclear. 

Diagnostic Tests 

A number of assays, similar to those used in animals, 

can diagnose influenza A and B infections in humans. 

Testing that identifies the presence of influenza A, but does 

not detect the subtypes found in common human influenza 

viruses, might indicate a novel, possibly zoonotic, influenza 

virus. Influenza C cases can be diagnosed with either RT-

PCR or culture; however, the latter technique is limited by 

the need for embryonated eggs, which are not widely 

available in diagnostic laboratories. Testing for novel 

influenza viruses is generally performed by state, regional 

or national public health laboratories, and in some cases by 

reference laboratories capable of handing dangerous human 

pathogens such as H5N1 HPAI viruses. 

Serological tests are not useful for the routine diagnosis 

of seasonal human influenza, due to widespread exposure. 

Zoonotic influenza virus infections are occasionally 

diagnosed retrospectively by serology, most definitively by 

a rising titer. People infected with some avian influenza 

viruses do not reliably seroconvert, even in virologically 

confirmed cases.  

Treatment 

Influenza is treated supportively (e.g., fluids and rest) 

in uncomplicated cases, with antibiotics as needed for 

secondary bacterial pneumonia, and hospital care in more 

severe illnesses. Antiviral drugs can also be given. They 

are most effective when started within 48 hours of the 

onset of symptoms. Their use outside high risk patients or 

severe disease is controversial, as the indiscriminate use 

of some agents resulted in widespread resistance among 

some influenza viruses in the past, thus rendering them 

ineffective in those patients who most need them. 

The two major classes of antiviral drugs used for 

influenza viruses are the adamantanes (amantadine, 

rimantadine) and neuraminidase inhibitors (e.g., zanamivir, 

oseltamivir, peramivir, laninamivir). A novel antiviral, 

baloxavir, is also used in human seasonal influenza. 

Adamantanes are active against some human influenza A 

viruses, while neuraminidase inhibitors can be used for both 

influenza A and B. Antiviral drugs can also be effective 

against some influenza A viruses of animals, and 

neuraminidase inhibitors are commonly employed in 

zoonotic infections. The tests to evaluate a virus’s 

susceptibility to antiviral agents take several days to perform; 

thus, the initial choice of drug is often empirical, based on the 

susceptibility of a particular virus group in the past.  

Prevention 

Annual vaccines, usually given in the fall before the flu 

season, or as appropriate for local patterns of virus 

circulation, are available for human influenza A and B. 

They contain the viral strains considered most likely to 

produce epidemics during the following winter, and are 

updated annually. Immunization recommendations differ 

between countries, though vaccination of some higher risk 

groups, such as the elderly, is consistently recommended. 
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Antiviral drugs may sometimes be useful for 

prophylaxis in the elderly or immunocompromised (e.g., 

transplant patients), or these individuals may be monitored 

and treated at the first sign of disease. The use of antiviral 

prophylaxis should be balanced against the risk of 

encouraging the emergence of drug-resistant strains. Other 

preventive measures include avoiding close contact with 

people who have influenza symptoms, and common sense 

hygiene measures such as frequent hand washing and 

avoidance of unnecessary hand contact with the eyes, nose 

or mouth. To reduce transmission to others, the mouth and 

nose should be covered (e.g., with the elbow or a tissue) 

when coughing or sneezing.  

Precautions against zoonotic influenza viruses, 

likewise, rely on good hygiene and, especially for those at 

higher risk, avoidance of potentially infected animals, 

particularly those that are ill and/or held in enclosed, 

poorly ventilated spaces. Personal protective equipment 

(PPE), including a well-fitted and correctly handled N95 

or equivalent respirator, is appropriate in some 

circumstances, such as for personnel handling flocks 

infected with HPAI viruses. Because HPAI viruses have 

been found in meat and/or eggs from several avian species, 

careful food handling practices are important when working 

with raw poultry or wild game bird products in endemic 

areas, and all poultry products should be completely cooked 

before eating. Viruses in milk are inactivated by 

pasteurization. More detailed recommendations for 

specific groups at risk of exposure, including the general 

public, have been published by some national and 

international agencies. 

Morbidity and Mortality 

Human influenza A and B viruses 

Human influenza epidemics are seasonal in temperate 

regions, typically beginning after school starts in the fall, 

and spreading from children to adults, although some 

transmission also occurs at other times of the year. The 

patterns are more diverse in tropical and subtropical areas, 

with transmission occurring year-round in some countries, 

and seasonal epidemics sometimes coinciding with the 

rainy season or occurring in two peaks, in others.  

Uncomplicated infections with seasonal influenza 

viruses are rarely fatal in healthy people, though the 

morbidity rate can be high. Approximately a third of 

influenza virus infections are thought to be asymptomatic. 

Groups at higher risk for severe illness include the elderly; 

young children (mainly due to risks from complications such 

as severe dehydration); people with chronic respiratory or 

cardiovascular disease and other significant medical 

conditions; and those who are immunosuppressed. Pregnant 

women are also thought to be at somewhat higher risk, and 

obesity was first recognized as a risk factor during the 2009-

2010 pandemic. Except after the introduction of a new virus, 

over 90% of influenza-related deaths occur in the elderly.  

Morbidity and mortality rates usually increase during a 

pandemic, sometimes dramatically. The 1918 pandemic is 

notorious for its severity, with some estimates suggesting a 

morbidity rate of 25-40% and case fatality rate of 2-5%. 

However, it should be noted that neither antiviral drugs nor 

antibiotics to treat secondary bacterial infections (a common 

cause of influenza deaths) were available at the time, hospital 

care was limited to skilled nursing and other general 

supportive measures, and the onset of the pandemic occurred 

at the end of WWI, a period when many had experienced 

prolonged challenges to physical and mental health.  

The 1957-58 and 1968-69 pandemics were similar in 

pattern, though with lower estimated mortality rates. 

However, the 2009-2010 H1N1 pandemic was unusual in 

sparing the elderly: most hospitalized or severely affected 

patients were children and young adults, with relatively few 

patients older than 50 years and even smaller numbers older 

than 60. This phenomenon was probably the result of older 

people having been exposed previously to similar H1N1 

viruses, and is thought to have contributed significantly to 

the low overall mortality rate (estimated case fatality rate of 

< 0.05% to < 0.5%.) Many seriously ill younger patients 

recovered with hospitalization and intensive care. 

Nevertheless, an increased number of influenza patients 

developed viral pneumonia during the pandemic, and case 

fatality rates in younger age groups were higher than with 

established viruses. 

Influenza C 

Influenza C viruses mainly cause sporadic clinical 

cases and minor localized outbreaks, though a nationwide 

epidemic was reported in Japan in 2004. Many people seem 

to be exposed to these viruses in childhood, typically 

resulting in a mild illness, but infections can continue to 

occur occasionally in adults, and one study suggested that 

there may be second peak of mild illness in adults over the 

age of 45 years. Very young children may occasionally be 

hospitalized; however, it appears that many or most 

hospitalized children and infants have comorbidities such 

as prematurity, asthma, IgG deficiency, congenital heart 

disease or cancer. Very few influenza C infections in adults, 

including older adults, appear to be severe enough to result 

in medical visits. 

Zoonotic influenza 

How often humans are infected by swine or avian 

influenza viruses is still uncertain, but clinical cases are 

reported sporadically, surveillance programs that test 

people with influenza-like illnesses have revealed 

additional cases, and serology suggests that a number of 

mild or subclinical cases may be missed. The H7N9 avian 

influenza viruses currently circulating among poultry in 

China seem to be particularly common in people, with 

approximately 1500 laboratory-confirmed clinical cases 

reported between 2013 and 2017. These cases mainly 

occurred as annual winter outbreaks coinciding with high 

virus circulation in poultry. The H7N9 viruses are still found 

in poultry, but vaccination has reduced their prevalence, and 
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human cases are now sporadic and infrequent. Other avian 

influenza viruses appear to be transmitted less often to 

people, but the cumulative number of cases may sometimes 

reach high levels when the virus is maintained in poultry for 

a long time. Asian lineage H5N1 HPAI viruses, for 

instance, seem to infect humans rarely but have caused 

more than 850 confirmed human cases since the late 1990s 

when they first emerged. 

Zoonotic influenza virus infections vary in severity. 

Asian lineage H5N1 HPAI viruses in Eurasia appear to kill 

around half the people they infect. The lethality of the 

variants circulating in the Americas for humans remains to be 

established, but both mild and severe illnesses have been 

reported. H7N9 LPAI and HPAI viruses are also fatal in a 

significant percentage of elderly patients, and diverse other 

avian influenza viruses have caused sporadic serious or fatal 

cases. However, some avian influenza virus infections are 

much milder, with transient and self-limited symptoms, and 

many cases of swine influenza seem to resemble human 

influenza. 

Internet Resources 

U.S. Department of Agriculture (USDA) Animal and Plant 

Health Inspection Service (APHIS). 

USGS Wildlife Health Bulletin #05-03 (with 

recommendations for field biologists, hunters and others 

regarding contact with wild birds 

World Health Organization. Influenza. Avian and Other 

Zoonotic  

World Organization for Animal Health (WOAH) 

WOAH Manual of Diagnostic Tests and Vaccines for 

Terrestrial Animals 

WOAH Terrestrial Animal Health Code 

Acknowledgements 

This factsheet was written by Anna Rovid Spickler, DVM, 

PhD, Veterinary Specialist from the Center for Food 

Security and Public Health. The U.S. Department of 

Agriculture Animal and Plant Health Inspection Service 

(USDA APHIS) provided funding for this factsheet 

through a series of cooperative agreements related to the 

development of resources for initial accreditation training.  

The following format can be used to cite this factsheet. 

Spickler, Anna Rovid. 2022. Influenza. Retrieved from 

http://www.cfsph.iastate.edu/DiseaseInfo/factsheets.php.  

References 

General References 

Acha PN, Szyfres B (Pan American Health Organization). 

Zoonoses and communicable diseases common to man and 

animals. Volume 2. Chlamydiosis, rickettsioses and viroses. 

3rd ed. Washington DC: PAHO; 2003. Scientific and 

Technical Publication No. 580. Influenza; p. 155-72. 

Belser JA, Lash RR, Garg S, Tumpey TM, Maines TR. The eyes 

have it: influenza virus infection beyond the respiratory tract. 

Lancet Infect Dis. 2018;18(7):220-7.  

Belser JA, Wadford DA, Xu J, Katz JM, Tumpey TM. Ocular 

infection of mice with influenza A (H7) viruses: a site of 

primary replication and spread to the respiratory tract. J 

Virol. 2009;83(14):7075-84. 

Capua I, Munoz O. Emergence of influenza viruses with zoonotic 

potential: Open issues which need to be addressed. A review. 

Vet Microbiol. 2013;165(1-2):7-12. 

Couch RB. Orthomyxoviruses [monograph online]. In: Baron S, 

editor. Medical microbiology. 4th ed. New York: Churchill 

Livingstone; 1996. Available at: http://www.gsbs.utmb.edu/ 

microbook/.* Accessed 29 Dec 2006. 

Davis LM, Spackman E. Do crocodilians get the flu? Looking for 

influenza A in captive crocodilians. J Exp Zool A Ecol Genet 

Physiol. 2008;309(10):571-80.  

Hirose R, Nakaya T, Naito Y, Daidoji T, Watanabe Y, Yasuda H, 

Konishi H, Itoh Y. Mechanism of human influenza virus 

RNA persistence and virion survival in feces: Mucus protects 

virions from acid and digestive juices. J Infect Dis. 

2017;216(1):105-9.  

International Committee on Taxonomy of Viruses Universal 

Virus Database [ICTVdB] Management. 

Orthomyxoviridae.Virus taxonomy: 2020 Release EC 52, 

Online meeting, October 2020. Email ratification March 

2021 (MSL #36) [online]. Available at: 

https://talk.ictvonline.org/taxonomy/. Accessed 13 Oct 2021. 

Mancini DA, Mendonc -a RM, Cianciarullo AM, Kobashi LS, 

Trindade HG, Fernandes W, Pinto JR. Influenza in 

heterothermic animals. Rev Soc Bras Med. 2004;37:204-9. 

O'Donnell CD, Subbarao K. The contribution of animal models 

to the understanding of the host range and virulence of 

influenza A viruses. Microbes Infect. 2011;13(5):502-15. 

Samji T. Influenza A: understanding the viral life cycle. Yale J 

Biol Med. 2009;82(4):153-9. 

Sweet C, Smith H. Pathogenicity of influenza virus. Microbiol 

Rev. 1980;44(2):303-30. 

United States Geological Survey [USGS]. National Wildlife 

Health Center. Wildlife health bulletin #05-03 [online]. 

USGS; 2005 Aug. Available at: 

http://www.nwhc.usgs.gov/publications/wildlife_health_bull

etins/WHB_05_03.jsp.* Accessed 25 Jan 2007. 

Wille M, Holmes EC. The ecology and evolution of influenza 

viruses. Cold Spring Harb Perspect Med. 

2020;10(7):a038489. 

http://www.cfsph.iastate.edu/
https://www.aphis.usda.gov/aphis/home/
https://www.aphis.usda.gov/aphis/home/
https://www.usgs.gov/media/files/interim-guidelines-protection-persons-handling-wild-birds
https://www.usgs.gov/media/files/interim-guidelines-protection-persons-handling-wild-birds
https://www.usgs.gov/media/files/interim-guidelines-protection-persons-handling-wild-birds
https://www.who.int/health-topics/influenza-avian-and-other-zoonotic
https://www.who.int/health-topics/influenza-avian-and-other-zoonotic
http://www.woah.org/
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-manual-online-access/
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-manual-online-access/
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-code-online-access/
http://www.cfsph.iastate.edu/DiseaseInfo/factsheets.php
https://talk.ictvonline.org/taxonomy/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 14 of 41 

Disinfection and Virus Survival in the 
Environment 

Beato MS, Mancin M, Bertoli E, Buratin A, Terregino C, Capua 

I. Infectivity of H7 LP and HP influenza viruses at different 

temperatures and pH and persistence of H7 HP virus in 

poultry meat at refrigeration temperature. Virology. 

2012;433(2):522-7. 

Bean B, Moore BM, Sterner B, Peterson LR, Gerding DN, 

Balfour HH, Jr. Survival of influenza viruses on 

environmental surfaces. J Infect Dis. 1982;146(1):47-51. 

Brown JD, Goekjian G, Poulson R, Valeika S, Stallknecht DE. 

Avian influenza virus in water: infectivity is dependent on 

pH, salinity and temperature. Vet Microbiol. 2009;136(1-

2):20-6. 

Brown JD, Swayne DE, Cooper RJ, Burns RE, Stallknecht DE. 

Persistence of H5 and H7 avian influenza viruses in water. 

Avian Dis. 2007;51(1 Suppl):285-9. 

Chumpolbanchorn K, Suemanotham N, Siripara N, Puyati B, 

Chaichoune K. The effect of temperature and UV light on 

infectivity of avian influenza virus (H5N1, Thai field strain) 

in chicken fecal manure. Southeast Asian J Trop Med Public 

Health. 2006;37(1):102-5. 

Davidson I, Nagar S, Haddas R, Ben-Shabat M, Golender N, 

Lapin E, Altory A, Simanov L, Ribshtein I, Panshin A, Perk 

S. Avian influenza virus H9N2 survival at different 

temperatures and pHs. Avian Dis. 2010;54(1 Suppl):725-8. 

De Benedictis P., Beato MS, Capua I. Inactivation of avian 

influenza viruses by chemical agents and physical conditions: 

a review. Zoonoses Public Health. 2007;54(2):51-68. 

Domanska-Blicharz K, Minta Z, Smietanka K, Marche S, van 

den Berg T. H5N1 high pathogenicity avian influenza virus 

survival in different types of water. Avian Dis. 2010;54(1 

Suppl):734-7. 

Dublineau A, Batejat C, Pinon A, Burguiere AM, Leclercq I, 

Manuguerra JC. Persistence of the 2009 pandemic influenza 

A (H1N1) virus in water and on non-porous surface. PLoS 

One. 2011;6(11):e28043. 

Greatorex JS, Digard P, Curran MD, Moynihan R, Wensley H, 

Wreghitt T, Varsani H, Garcia F, Enstone J, Nguyen-Van-

Tam JS. Survival of influenza A(H1N1) on materials found 

in households: implications for infection control. PLoS One. 

2011;6(11):e27932.  

Greatorex JS, Page RF, Curran MD, Digard P, Enstone JE, 

Wreghitt T, Powell PP, Sexton DW, Vivancos R, Nguyen-

Van-Tam JS. Effectiveness of common household cleaning 

agents in reducing the viability of human influenza A/H1N1. 

PLoS One. 2010;5(2):e8987. 

Haas B, Ahl R, Bohm R, Strauch D. Inactivation of viruses in 

liquid manure. Rev Sci Tech. 1995;14(2):435-45. 

Horm VS, Gutierrez RA, Nicholls JM, Buchy P. Highly 

pathogenic influenza A(H5N1) virus survival in complex 

artificial aquatic biotopes. PLoS One. 2012;7(4):e34160. 

Horm SV, Gutierrez RA, Sorn S, Buchy P. Environment: a 

potential source of animal and human infection with 

influenza A (H5N1) virus. Influenza Other Respir Viruses. 

2012;6(6):442-8. 

Lu H, Castro AE, Pennick K, Liu J, Yang Q, Dunn P, Weinstock 

D, Henzler D. Survival of avian influenza virus H7N2 in SPF 

chickens and their environments. Avian Dis. 2003;47(3 

Suppl):1015-21. 

Nazir J, Haumacher R, Ike AC, Marschang RE. Persistence of 

avian influenza viruses in lake sediment, duck feces, and 

duck meat. Appl Environ Microbiol. 2011;77(14):4981-5. 

Nazir J, Haumacher R, Ike A, Stumpf P, Bohm R, Marschang 

RE. Long-term study on tenacity of avian influenza viruses 

in water (distilled water, normal saline, and surface water) at 

different temperatures. Avian Dis. 2010;54(1 Suppl):720-4. 

Nielsen AA, Jensen TH, Stockmarr A, Jorgensen PH. Persistence 

of low-pathogenic H5N7 and H7N1 avian influenza subtypes in 

filtered natural waters. Vet Microbiol. 2013;166(3-4):419-28. 

Oxford J, Berezin EN, Courvalin P, Dwyer DE, Exner M, Jana 

LA et al. The survival of influenza A(H1N1)pdm09 virus on 

4 household surfaces. Am J Infect Control. 2014;42(4):423-5. 

Paek MR, Lee YJ, Yoon H, Kang HM, Kim MC, Choi JG, Jeong 

OM, Kwon JS, Moon OK, Lee SJ, Kwon JH. Survival rate of 

H5N1 highly pathogenic avian influenza viruses at different 

temperatures. Poult Sci. 2010;89(8):1647-50. 

Poulson RL, Tompkins SM, Berghaus RD, Brown JD, 

Stallknecht DE. Environmental stability of swine and human 

pandemic influenza viruses in water under variable 

conditions of temperature, salinity, and pH. Appl Environ 

Microbiol. 2016;82(13):3721-6.  

Public Health Agency of Canada (PHAC). Pathogen Safety Data 

Sheet – Influenza A virus type A. Pathogen Regulation 

Directorate, PHAC; 2010 Aug. Available at: 

https://www.canada.ca/en/public-health/services/laboratory-

biosafety-biosecurity/pathogen-safety-data-sheets-risk-

assessment/influenza-virus-type-a.html.Accessed 16 June 2014. 

Public Health Agency of Canada (PHAC). Pathogen Safety Data 

Sheet – Influenza A virus subtypes H5, H7 and H9. Pathogen 

Regulation Directorate, PHAC; 2011 Dec. Available at: 

https://www.canada.ca/en/public-health/services/laboratory-

biosafety-biosecurity/pathogen-safety-data-sheets-risk-

assessment/influenza-a-virus-subtypes-h5-h7-

h9.html.Accessed 16 June 2014. 

Public Health Agency of Canada. Pathogen Safety Data Sheet – 

Influenza virus (B and C). Pathogen Regulation Directorate, 

Public Health Agency of Canada; 2011 Dec. Available at: 

https://www.canada.ca/en/public-health/services/laboratory-

biosafety-biosecurity/pathogen-safety-data-sheets-risk-

assessment/influenza-virus-b.html. Accessed 16 June 2014. 

Sakaguchi H, Wada K, Kajioka J, Watanabe M, Nakano R, 

Hirose T, Ohta H, Aizawa Y. Maintenance of influenza virus 

infectivity on the surfaces of personal protective equipment 

and clothing used in healthcare settings. Environ Health Prev 

Med. 2010;15(6):344-9. 

Shortridge KF, Zhou NN, Guan Y, Gao P, Ito T, Kawaoka Y et 

al. Characterization of avian H5N1 influenza viruses from 

poultry in Hong Kong. Virology. 1998;252(2):331-42. 

Songserm T, Jam-On R, Sae-Heng N, Meemak N. Survival and 

stability of HPAI H5N1 in different environments and 

susceptibility to disinfectants. Dev Biol (Basel). 

2006;124:254.  

Stallknecht DE, Brown JD. Tenacity of avian influenza viruses. 

Rev Sci Tech. 2009;28(1):59-67. 

Stallknecht DE, Goekjian VH, Wilcox BR, Poulson RL, Brown 

JD. Avian influenza virus in aquatic habitats: what do we 

need to learn? Avian Dis. 2010;54(1 Suppl):461-5. 

http://www.cfsph.iastate.edu/
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/influenza-virus-type-a.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/influenza-virus-type-a.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/influenza-virus-type-a.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/influenza-a-virus-subtypes-h5-h7-h9.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/influenza-a-virus-subtypes-h5-h7-h9.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/influenza-a-virus-subtypes-h5-h7-h9.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/influenza-a-virus-subtypes-h5-h7-h9.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/influenza-a-virus-subtypes-h5-h7-h9.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/influenza-virus-b.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/influenza-virus-b.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/influenza-virus-b.html


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 15 of 41 

Terregino C, Beato MS, Bertoli E, Mancin M, Capua I. 

Unexpected heat resistance of Italian low-pathogenicity and 

high-pathogenicity avian influenza A viruses of H7 subtype 

to prolonged exposure at 37 degrees C. Avian Pathol. 

2009;38(6):519-22. 

Thomas Y, Vogel G, Wunderli W, Suter P, Witschi M, Koch D, 

Tapparel C, Kaiser L. Survival of influenza virus on 

banknotes. Appl Environ Microbiol. 2008;74(10):3002-7. 

Tiwari A, Patnayak DP, Chander Y, Parsad M, Goyal SM. 

Survival of two avian respiratory viruses on porous and 

nonporous surfaces. Avian Dis. 2006;50(2):284-7. 

Wood JP, Choi YW, Chappie DJ, Rogers JV, Kaye JZ. 

Environmental persistence of a highly pathogenic avian 

influenza (H5N1) virus. Environ Sci Technol. 

2010;44(19):7515-20. 

Yamamoto Y, Nakamura K, Yamada M, Mase M. Persistence of 

avian influenza virus (H5N1) in feathers detached from 

bodies of infected domestic ducks. Appl Environ Microbiol. 

2010;76(16):5496-9. 

Avian Influenza 

Anonymous. Human cases of avian influenza A (H5N1) in 

North-West Frontier Province, Pakistan, October-November 

2007. Wkly Epidemiol Rec. 2008;83(40):359-64. 

Anonymous. Avian influenza A/(H7N2) outbreak in the United 

Kingdom. Euro Surveill. 2007;12(5):E070531. 

Abdel-Ghafar AN, Chotpitayasunondh T, Gao Z, Hayden FG, 

Nguyen DH, de Jong MD, Naghdaliyev A, Peiris JS, Shindo 

N, Soeroso S, Uyeki TM. Update on avian influenza A 

(H5N1) virus infection in humans. N Engl J Med. 

2008;358(3):261-73. 

Abdel-Moneim AS, Abdel-Ghany AE, Shany SA. Isolation and 

characterization of highly pathogenic avian influenza virus 

subtype H5N1 from donkeys. J Biomed Sci. 2010;17:25. 

Abdelwhab EM, Veits J, Mettenleiter TC. Prevalence and control 

of H7 avian influenza viruses in birds and humans. 

Epidemiol Infect. 2014;142(5):896-920. 

Abolnik C. A current review of avian influenza in pigeons and 

doves (Columbidae). Vet Microbiol. 2014;170(3-4):181-96. 

Ahad A, Thornton RN, Rabbani M, Yaqub T, Younus M, 

Muhammad K, Mahmood A, Shabbir MZ, Kashem MA, 

Islam MZ, Mangtani P, Burgess GW, Tun HM, Hoque MA. 

Risk factors for H7 and H9 infection in commercial poultry 

farm workers in provinces within Pakistan. Prev Vet Med. 

2014;117(3-4):610-4. 

Alexander DJ, Allan WH, Parsons DG, Parsons G. The 

pathogenicity of four avian influenza viruses for fowls, 

turkeys and ducks. Res Vet Sci. 1978;24(2):242-7. 

Alexander DJ, Parsons G, Manvell RJ. Experimental assessment 

of the pathogenicity of eight avian influenza A viruses of H5 

subtype for chickens, turkeys, ducks and quail. Avian Pathol. 

1986;15(4):647-62. 

Alexander DY. A review of avian influenza [monograph online]. 

Available at: 

http://www.esvv.unizh.ch/gent_abstracts/Alexander.html.* 

Accessed 30 Aug 2004.  

Amirsalehy H, Nili H, Mohammadi A. Can dogs carry the global 

pandemic candidate avian influenza virus H9N2? Aust Vet J. 

2012;90(9):341-5. 

Amonsin A, Songserm T, Chutinimitkul S, Jam-On R, Sae-Heng 

N, Pariyothorn N, Payungporn S, Theamboonlers A, 

Poovorawan Y. Genetic analysis of influenza A virus (H5N1) 

derived from domestic cat and dog in Thailand. Arch Virol. 

2007;152(10):1925-33. 

Antarasena C, Sirimujalin R, Prommuang P, Blacksell SD, 

Promkuntod N, Prommuang P. Tissue tropism of a Thailand 

strain of high-pathogenicity avian influenza virus (H5N1) in 

tissues of naturally infected native chickens (Gallus gallus), 

Japanese quail (Coturnix coturnix japonica) and ducks (Anas 

spp.). Avian Pathol. 2006;35(3):250-3. 

Anthony SJ, St Leger JA, Pugliares K, Ip HS, Chan JM, 

Carpenter ZW et al. Emergence of fatal avian influenza in 

New England harbor seals. MBio. 2012;3(4):e00166-12. 

Arzey GG, Kirkland PD, Arzey KE, Frost M, Maywood P, 

Conaty S, Hurt AC, Deng YM, Iannello P, Barr I, Dwyer DE, 

Ratnamohan M, McPhie K, Selleck P. Influenza virus A 

(H10N7) in chickens and poultry abattoir workers, Australia. 

Emerg Infect Dis. 2012;18(5):814-6. 

Bailey CF. Experimental infection of raccoon, skunk, and 

thirteen-lined ground squirrels with avian-derived influenza 

A viruses. Thesis, University of Minnesota; 1983. 

Bean WJ, Kawaoka Y, Wood JM, Pearson JE, Webster RG. 

Characterization of virulent and avirulent 

A/chicken/Pennsylvania/83 influenza A viruses: potential 

role of defective interfering RNAs in nature. J Virol. 

1985;54(1):151-60. 

Beato MS, Capua I. Transboundary spread of highly pathogenic 

avian influenza through poultry commodities and wild birds: 

a review. Rev Sci Tech. 2011;30(1):51-61. 

Becker WB. The isolation and classification of Tern virus: 

influenza A-Tern South Africa--1961. J Hyg (Lond). 

1966;64(3):309-20.  

Bertran K, Dolz R, Majo N. Pathobiology of avian influenza 

virus infection in minor gallinaceous species: a review. 

Avian Pathol. 2014;43(1):9-25. 

Bodewes R, Rubio GA, Brasseur SM, Sanchez Conteras GJ, van 

de Bildt MW, Koopmans MP, Osterhaus AD, Kuiken T. 

Seroprevalence of antibodies against seal influenza 

A(H10N7) virus in harbor seals and gray seals from the 

Netherlands. PLoS One. 2015;10(12):e0144899. 

Bodewes R, Kuiken T. Changing role of wild birds in the 

epidemiology of avian influenza A viruses. Adv Virus Res. 

2018;100:279-307.  

Bodewes R, Zohari S, Krog JS, Hall MD, Harder TC, Bestebroer 

TM et al. Spatiotemporal analysis of the genetic diversity of 

seal influenza A(H10N7) virus, northwestern Europe. J 

Virol. 2016 ;90(9):4269-77.  

Bonfante F, Fusaro A, Zanardello C, Patrono LV, De NR, 

Maniero S, Terregino C. Lethal nephrotropism of an H10N1 

avian influenza virus stands out as an atypical pathotype. Vet 

Microbiol. 2014;173(3-4):189-200. 

Boon AC, Sandbulte MR, Seiler P, Webby RJ, Songserm T, 

Guan Y, Webster RG. Role of terrestrial wild birds in 

ecology of influenza A virus (H5N1). Emerg Infect Dis. 

2007;13(11):1720-4. 

Brooks WA, Alamgir AS, Sultana R, Islam MS, Rahman M, Fry 

AM et al. Avian influenza virus A (H5N1), detected through 

routine surveillance, in child, Bangladesh. Emerg Infect Dis. 

2009;15(8):1311-3. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 16 of 41 

Brown IH. Summary of avian influenza activity in Europe, Asia, 

and Africa, 2006-2009. Avian Dis. 2010;54(1 Suppl):187-93. 

Bruno A, Alfaro-Núñez A, de Mora D, Armas R, Olmedo M, 

Garcés J, Garcia-Bereguiain MA. First case of human 

infection with highly pathogenic H5 avian influenza A virus 

in South America: a new zoonotic pandemic threat for 2023? 

J Travel Med. 2023;30(5):taad032. 

Buchy P, Mardy S, Vong S, Toyoda T, Aubin JT, Miller M et al. 

Influenza A/H5N1 virus infection in humans in Cambodia. J 

Clin Virol. 2007;39(3):164-8. 

Burrough ER, Magstadt DR, Petersen B, Timmermans SJ, 

Gauger PC, Zhang J, Siepker C, Mainenti M, Li G, 

Thompson AC, Gorden PJ, Plummer PJ, Main R. Highly 

pathogenic avian influenza A(H5N1) clade 2.3.4.4b virus 

infection in domestic dairy cattle and cats, United States, 

2024. Emerg Infect Dis. 2024;30(7). 

Butt KM, Smith GJ, Chen H, Zhang LJ, Leung YH, Xu KM, Lim 

W, Webster RG, Yuen KY, Peiris JS, Guan Y. Human 

infection with an avian H9N2 influenza A virus in Hong 

Kong in 2003. J Clin Microbiol. 2005;43(11):5760-7. 

Cappucci DT, Johnson DC, Brugh M, Smith TM, Jackson CF, 

Pearson JE, Senne DA. Isolation of avian influenza virus 

(subtype H5N2) from chicken eggs during a natural outbreak. 

Avian Dis. 1985;29:1195-200. 

Capua I, Marangon S. Control of avian influenza in poultry. 

Emerg Infect Dis. 2006;12(9):1319-24. 

Capua I, Mutinelli F. Mortality in Muscovy ducks (Cairina 

moschata) and domestic geese (Anser anser var. domestica) 

associated with natural infection with a highly pathogenic 

avian influenza virus of H7N1 subtype. Avian Pathol. 

2001;30(2):179-83.  

Caron A, Chiweshe N, Mundava J, Abolnik C, Capobianco 

Dondona A, Scacchia M, Gaidet N. Avian viral pathogens in 

swallows, Zimbabwe: infectious diseases in Hirundinidae: a 

risk to swallow? Ecohealth. 2017;14(4):805-9. 

Centers for Disease Control and Prevention (CDC). Technical 

report: highly pathogenic avian influenza A(H5N1) viruses.  

CDC; 2024 Jun. Available at: https://www.cdc.gov/bird-

flu/php/technical-report/h5n1-06052024.html. Accessed 14 

Jun 2024. 

Chakraborty A, Rahman M, Hossain MJ, Khan SU, Haider MS, 

et al. Mild respiratory illness among young children caused 

by highly pathogenic avian influenza A (H5N1) virus 

infection in Dhaka, Bangladesh, 2011. J Infect Dis. 

2017;216(suppl_4):S520-8. 

Chen H, Deng G, Li Z, Tian G, Li Y, Jiao P, Zhang L, Liu Z, 

Webster RG, Yu K. The evolution of H5N1 influenza viruses 

in ducks in southern China. Proc Natl Acad Sci U S A. 

2004;101(28):10452-7. 

Chen H, Yuan H, Gao R, Zhang J, Wang D, Xiong Y et al. 

Clinical and epidemiological characteristics of a fatal case of 

avian influenza A H10N8 virus infection: a descriptive study. 

Lancet. 2014;383(9918):714-21. 

Chen J, Ma J, White SK, Cao Z, Zhen Y, He S, Zhu W, Ke C, 

Zhang Y, Su S, Zhang G. Live poultry market workers are 

susceptible to both avian and swine influenza viruses, 

Guangdong Province, China. Vet Microbiol. 2015. 

Chen T, Zhang R. Symptoms seem to be mild in children 

infected with avian influenza A (H5N6) and other subtypes. J 

Infect. 2015;71(6):702-3. 

Chen Y, Zhong G, Wang G, Deng G, Li Y, Shi J, Zhang Z, Guan 

Y, Jiang Y, Bu Z, Kawaoka Y, Chen H. Dogs are highly 

susceptible to H5N1 avian influenza virus. Virology. 

2010;405(1):15-9. 

Cheng K, Yu Z, Gao Y, Xia X, He H, Hua Y, Chai H. 

Experimental infection of dogs with H6N1 avian influenza A 

virus. Arch Virol. 2014;159(9):2275-82. 

Cheng VC, Chan JF, Wen X, Wu WL, Que TL, Chen H, Chan 

KH, Yuen KY. Infection of immunocompromised patients by 

avian H9N2 influenza A virus. J Infect. 2011;62(5):394-9. 

Choi YK, Nguyen TD, Ozaki H, Webby RJ, Puthavathana P, 

Buranathal C, Chaisingh A, Auewarakul P, Hanh NT, Ma 

SK, Hui PY, Guan Y, Peiris JS, Webster RG. Studies of 

H5N1 influenza virus infection of pigs by using viruses 

isolated in Vietnam and Thailand in 2004. J Virol. 

2005;79(16):10821-5.  

Coman A, Maftei DN, Krueger WS, Heil GL, Friary JA, 

Chereches RM, Sirlincan E, Bria P, Dragnea C, Kasler I, 

Gray GC. Serological evidence for avian H9N2 influenza 

virus infections among Romanian agriculture workers. J 

Infect Public Health. 2013;6(6):438-47. 

Cong YL, Pu J, Liu QF, Wang S, Zhang GZ, Zhang XL, Fan 

WX, Brown EG, Liu JH. Antigenic and genetic 

characterization of H9N2 swine influenza viruses in China. J 

Gen Virol. 2007;88(Pt 7):2035-41. 

Cowling BJ, Jin L, Lau EH, Liao Q, Wu P, Jiang H et al. 

Comparative epidemiology of human infections with avian 

influenza A H7N9 and H5N1 viruses in China: a population-

based study of laboratory-confirmed cases. Lancet. 

2013;382(9887):129-37. 

de Jong MD, Bach VC, Phan TQ, Vo MH, Tran TT, Nguyen BH, 

Beld M, Le TP, Truong HK, Nguyen VV, Tran TH, Do QH, 

Farrar J. Fatal avian influenza A (H5N1) in a child presenting 

with diarrhea followed by coma. N Engl J Med. 

2005;352(7):686-91. 

Department of the Interior [DOI]. Appendix H: Employee health 

and safety guidance for avian influenza surveillance and 

control activities in wild bird populations [online]. DOI; 

2007. Available at: 

http://www.doi.gov/emergency/pandemicflu/appendix-

h.cfm.* Accessed 16 Jun 2014. 

Desvaux S, Marx N, Ong S, Gaidet N, Hunt M, Manuguerra JC, 

Sorn S, Peiris M, van der Werf S, Reynes JM. Highly 

pathogenic avian influenza virus (H5N1) outbreak in captive 

wild birds and cats, Cambodia. Emerg Infect Dis. 

2009;15(3):475-8. 

Di Trani L, Porru S, Bonfanti L, Cordioli P, Cesana BM, Boni A, 

Di Carlo AS, Arici C, Donatelli I, Tomao P, Vonesch N, De 

Marco MA. Serosurvey against H5 and H7 avian influenza 

viruses in Italian poultry workers. Avian Dis. 2012;56(4 

Suppl):1068-71.  

Domańska-Blicharz K, Świętoń E, Świątalska A, Monne I, 

Fusaro A, et al. Outbreak of highly pathogenic avian 

influenza A(H5N1) clade 2.3.4.4b virus in cats, Poland, June 

to July 2023. Euro Surveill. 2023;28:2300366. 

Driskell EA, Jones CA, Berghaus RD, Stallknecht DE, Howerth 

EW, Tompkins SM. Domestic cats are susceptible to 

infection with low pathogenic avian influenza viruses from 

shorebirds. Vet Pathol. 2013;50(1):39-45. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 17 of 41 

Duff P, Holmes P, Aegerter J, Man C, Fullick E, Reid S, Lean F, 

Núñez A, Hansen R, Tye J, Stephan L, Brown I, Robinson C. 

Investigations associated with the 2020/21 highly pathogenic 

avian influenza epizootic in wild birds in Great Britain. Vet 

Rec. 2021;189(9):356-8. 

Dung TC, Dinh PN, Nam VS, Tan LM, Hang NK, Thanh lT, Mai 

lQ. Seroprevalence survey of avian influenza A(H5N1) 

among live poultry market workers in northern Viet Nam, 

2011. Western Pac Surveill Response J. 2014;5(4):21-6. 

Durand LO, Glew P, Gross D, Kasper M, Trock S, Kim IK, 

Bresee JS, Donis R, Uyeki TM, Widdowson MA, Azziz-

Baumgartner E. Timing of influenza A(H5N1) in poultry and 

humans and seasonal influenza activity worldwide, 2004-

2013. Emerg Infect Dis. 2015;21(2):202-8.  

Dusek RJ, Hallgrimsson GT, Ip HS, Jonsson JE, Sreevatsan S, 

Nashold SW et al. North Atlantic migratory bird flyways 

provide routes for intercontinental movement of avian 

influenza viruses. PLoS One. 2014;9(3):e92075. 

Eagles D, Siregar ES, Dung DH, Weaver J, Wong F, Daniels P. 

H5N1 highly pathogenic avian influenza in Southeast Asia. 

Rev Sci Tech. 2009;28(1):341-8. 

Eames KT, Webb C, Thomas K, Smith J, Salmon R, Temple JM. 

Assessing the role of contact tracing in a suspected H7N2 

influenza A outbreak in humans in Wales. BMC Infect Dis. 

2010;10:141. 

Elbers AR, Fabri TH, de Vries TS, de Wit JJ, Pijpers A, Koch G. 

The highly pathogenic avian influenza A (H7N7) virus 

epidemic in The Netherlands in 2003--lessons learned from 

the first five outbreaks. Avian Dis. 2004;48(3):691-705. 

Elbers AR, Kamps B, Koch G. Performance of gross lesions at 

postmortem for the detection of outbreaks during the avian 

influenza A virus (H7N7) epidemic in The Netherlands in 

2003. Avian Pathol. 2004;33(4):418-22. 

El-Sayed A, Awad W, Fayed A, Hamann HP, Zschock M. Avian 

influenza prevalence in pigs, Egypt. Emerg Infect Dis. 

2010;16(4):726-7. 

El-Sayed A, Prince A, Fawzy A, Nadra E, Abdou MI, Omar L, 

Fayed A, Salem M. Sero-prevalence of avian influenza in 

animals and human in Egypt. Pak J Biol Sci. 

2013;16(11):524-9. 

Elsmo EJ, Wünschmann A, Beckmen KB, Broughton-

Neiswanger LE, Buckles EL, et al. Highly pathogenic avian 

influenza A(H5N1) virus clade 2.3.4.4b infections in wild 

terrestrial mammals, United States, 2022.Emerg Infect Dis. 

2023;29(12):2451-60. 

Ely CR, Hall JS, Schmutz JA, Pearce JM, Terenzi J, Sedinger JS, 

Ip HS. Evidence that life history characteristics of wild birds 

influence infection and exposure to influenza A Viruses. 

PLoS One. 2013;8(3):e57614. 

European Food Safety Authority (EFSA). Highly pathogenic 

avian influenza A subtype H5N8. EFSA J. 

2014;12(12):3941.  

European Food Safety Authority; European Centre for Disease 

Prevention and Control; European Union Reference 

Laboratory for Avian Influenza; Fusaro A, Gonzales JL, 

Kuiken T, Mirinavičiūtė G, Niqueux É, Ståhl K, Staubach C, 

Svartström O, Terregino C, Willgert K, Baldinelli F, 

Delacourt R, Georganas A, Kohnle L. Avian influenza 

overview December 2023-March 2024. EFSA J. 

2024;22(3):e8754. 

Fang CF, Ma MJ, Zhan BD, Lai SM, Hu Y, Yang XX et al. 

Nosocomial transmission of avian influenza A (H7N9) virus 

in China: epidemiological investigation. BMJ. 

2015;351:h5765. 

Feare CJ. Role of wild birds in the spread of highly pathogenic 

avian influenza virus H5N1 and implications for global 

surveillance. Avian Dis. 2010;54(1 Suppl):201-12. 

Feng L, Wu JT, Liu X, Yang P, Tsang TK, Jiang H et al. Clinical 

severity of human infections with avian influenza A(H7N9) 

virus, China, 2013/14. Euro Surveill. 2014;19(49).  

Fiebig L, Soyka J, Buda S, Buchholz U, Dehnert M, Haas W. 

Avian influenza A(H5N1) in humans: new insights from a 

line list of World Health Organization confirmed cases, 

September 2006 to August 2010. Euro Surveill. 2011;16(32). 

Fouchier RA, Munster VJ. Epidemiology of low pathogenic 

avian influenza viruses in wild birds. Rev Sci Tech. 

2009;28(1):49-58. 

Fouchier RA, Schneeberger PM, Rozendaal FW, Broekman JM, 

Kemink SA, Munster V, Kuiken T, Rimmelzwaan GF, 

Schutten M, Van Doornum GJ, Koch G, Bosman A, 

Koopmans M, Osterhaus AD. Avian influenza A virus 

(H7N7) associated with human conjunctivitis and a fatal case 

of acute respiratory distress syndrome. Proc Natl Acad Sci U 

S A. 2004;101(5):1356-61. 

Fu X, Huang Y, Fang B, Liu Y, Cai M, Zhong R, Huang J, 

Wenbao Q, Tian Y, Zhang G. Evidence of H10N8 influenza 

virus infection among swine in southern China and its 

infectivity and transmissibility in swine. Emerg Microbes 

Infect. 2020;9(1):88-94. 

Fuller TL, Ducatez MF, Njabo KY, Couacy-Hymann E, Chasar 

A, Aplogan GL, Lao S, Awoume F, Tehou A, Langeois Q, 

Krauss S, Smith TB. Avian influenza surveillance in Central 

and West Africa, 2010-2014. Epidemiol Infect. 

2015;143(10):2205-12. 

Gaidet N. Ecology of avian influenza virus in wild birds in 

tropical Africa. Avian Dis. 2016;60(1 Suppl):296-301. 

Gaidet N, Cattoli G, Hammoumi S, Newman SH, Hagemeijer W, 

Takekawa JY et al. Evidence of infection by H5N2 highly 

pathogenic avian influenza viruses in healthy wild waterfowl. 

PLoS Pathog. 2008;4(8):e1000127. 

Gao HN, Lu HZ, Cao B, Du B, Shang H, Gan JH et al. Clinical 

findings in 111 cases of influenza A (H7N9) virus infection. 

N Engl J Med. 2013;368(24):2277-85.  

Garg S, Reed C, Davis CT, Uyeki TM, Behravesh CB, et al. 

Outbreak of highly pathogenic avian influenza A(H5N1) 

viruses in U.S. dairy cattle and detection of two human cases 

- United States, 2024. MMWR Morb Mortal Wkly Rep. 

2024;73(21):501-5. 

Giese M, Harder TC, Teifke JP, Klopfleisch R, Breithaupt A, 

Mettenleiter TC, Vahlenkamp TW. Experimental infection 

and natural contact exposure of dogs with avian influenza 

virus (H5N1). Emerg Infect Dis. 2008;14(2):308-10. 

Gilbert M, Xiao X, Domenech J, Lubroth J, Martin V, 

Slingenbergh J. Anatidae migration in the western Palearctic 

and spread of highly pathogenic avian influenza H5NI virus. 

Emerg Infect Dis. 2006;12(11):1650-6. 

Gill JS, Webby R, Gilchrist MJ, Gray GC. Avian influenza 

among waterfowl hunters and wildlife professionals. Emerg 

Infect Dis. 2006;12:1284-6.  

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 18 of 41 

Gohrbandt S, Veits J, Breithaupt A, Hundt J, Teifke JP, Stech O, 

Mettenleiter TC, Stech J. H9 avian influenza reassortant with 

engineered polybasic cleavage site displays a highly 

pathogenic phenotype in chicken. J Gen Virol. 2011;92(Pt 

8):1843-53. 

Gonzalez-Reiche AS, Perez DR. Where do avian influenza 

viruses meet in the Americas? Avian Dis. 2012;56(4 

Suppl):1025-33. 

Govorkova EA, Baranovich T, Seiler P, Armstrong J, Burnham 

A, Guan Y, Peiris M, Webby RJ, Webster RG. Antiviral 

resistance among highly pathogenic influenza A (H5N1) 

viruses isolated worldwide in 2002-2012 shows need for 

continued monitoring. Antiviral Res. 2013.  

Goyal SM, Jindal N, Chander Y, Ramakrishnan MA, Redig PT, 

Sreevatsan S. Isolation of mixed subtypes of influenza A 

virus from a bald eagle (Haliaeetus leucocephalus). Virol J. 

2010;7:174. 

Groth M, Lange J, Kanrai P, Pleschka S, Scholtissek C, 

Krumbholz A, Platzer M, Sauerbrei A, Zell R. The genome 

of an influenza virus from a pilot whale: Relation to 

influenza viruses of gulls and marine mammals. Infect Genet 

Evol. 2014;24:183-6. 

Gu J, Xie Z, Gao Z, Liu J, Korteweg C, Ye J et al. H5N1 

infection of the respiratory tract and beyond: a molecular 

pathology study. Lancet. 2007;370:1137-45. 

Guan Y, Peiris JS, Lipatov AS, Ellis TM, Dyrting KC, Krauss S, 

Zhang LJ, Webster RG, Shortridge KF. Emergence of 

multiple genotypes of H5N1 avian influenza viruses in Hong 

Kong SAR. Proc Natl Acad Sci U S A. 2002;99(13):8950-5. 

Guan Y, Smith GJ, Webby R, Webster RG. Molecular 

epidemiology of H5N1 avian influenza. Rev Sci Tech. 

2009;28(1):39-47. 

Guo L, Zhang X, Ren L, Yu X, Chen L, Zhou H et al. Human 

antibody responses to avian influenza A(H7N9) virus, 2013. 

Emerg Infect Dis. 2014;20(2):192-200. 

Guo Y, Li J, Cheng X, Wang M, Zhou Y, Li C, et al. Discovery 

of men infected by avian influenza A (H9N2) virus. Chin J 

Exp Clin Virol. 1999;13:105e8. 

Guo Y, Xie J, Wang M, Dang J, Guo J, Zhang Y, et al. A strain 

of influenza A H9N2 virus repeatedly isolated from human 

population in China. Chin J Exp Clin Virol. 2000;14:209e12.  

Hai-Xia F, Yuan-Yuan L, Qian-Qian S, Zong-Shuai L, Feng-Xia 

Z, Yan-Li Z, Shi-Jin J, Zhi-Jing X. Interspecies transmission 

of canine influenza virus H5N2 to cats and chickens by close 

contact with experimentally infected dogs. Vet Microbiol. 

2014;170(3-4):414-7. 

Hall JS, Bentler KT, Landolt G, Elmore SA, Minnis RB, 

Campbell TA, Barras SC, Root JJ, Pilon J, Pabilonia K, 

Driscoll C, Slate D, Sullivan H, McLean RG. Influenza 

infection in wild raccoons. Emerg Infect Dis. 

2008;14(12):1842-8. 

Hall JS, Hallgrimsson GT, Suwannanarn K, Sreevatsen S, Ip HS, 

Magnusdottir E, TeSlaa JL, Nashold SW, Dusek RJ. Avian 

influenza virus ecology in Iceland shorebirds: 

intercontinental reassortment and movement. Infect Genet 

Evol. 2014;28:130-6. 

Hall JS, TeSlaa JL, Nashold SW, Halpin RA, Stockwell T, 

Wentworth DE, Dugan V, Ip HS. Evolution of a reassortant 

North American gull influenza virus lineage: drift, shift and 

stability. Virol J. 2013;10:179. 

Harfoot R, Webby RJ. H5 influenza, a global update. J Microbiol. 

2017;55(3):196-203. 

Hatta M, Zhong G, Gao Y, Nakajima N, Fan S et al. 

Characterization of a feline influenza A(H7N2) virus. Emerg 

Infect Dis. 2018; 24(1): 75-86. 

He F, Chen EF, Li FD, Wang XY, Wang XX, Lin JF. Human 

infection and environmental contamination with avian 

influenza A (H7N9) virus in Zhejiang Province, China: risk 

trend across the three waves of infection. BMC Public 

Health. 2015;15(1):931. 

 He L, Zhao G, Zhong L, Liu Q, Duan Z, Gu M, Wang X, Liu X, 

Liu X. Isolation and characterization of two H5N1 influenza 

viruses from swine in Jiangsu Province of China. Arch Virol. 

2013;158(12):2531-41. 

He S, Shi J, Qi X, Huang G, Chen H, Lu C. Lethal infection by a 

novel reassortant H5N1 avian influenza A virus in a zoo-

housed tiger. Microbes Infect. 2015;17(1):54-61. 

Hesterberg U, Harris K, Stroud D, Guberti V, Busani L, Pittman 

M, Piazza V, Cook A, Brown I. Avian influenza surveillance 

in wild birds in the European Union in 2006. Influenza Other 

Respir Viruses. 2009;3(1):1-14. 

Hill SC, Lee YJ, Song BM, Kang HM, Lee EK, Hanna A, Gilbert 

M, Brown IH, Pybus OG. Wild waterfowl migration and 

domestic duck density shape the epidemiology of highly 

pathogenic H5N8 influenza in the Republic of Korea. Infect 

Genet Evol. 2015;34:267-77. 

Hinshaw VS, Bean WJ, Webster RG, Rehg JE, Fiorelli P, Early 

G, Geraci JR, St Aubin DJ. Are seals frequently infected with 

avian influenza viruses? J Virol. 1984;51(3):863-5. 

Hinshaw VS, Webster RG, Easterday BC, Bean WJ, Jr. 

Replication of avian influenza A viruses in mammals. Infect 

Immun. 1981;34(2):354-61. 

Hooper PT, Russell GW, Selleck PW, Stanislawek WL. 

Observations on the relationship in chickens between the 

virulence of some avian influenza viruses and their pathogenicity 

for various organs. Avian Dis. 1995;39(3):458-64.  

Horimoto T, Maeda K, Murakami S, Kiso M, Iwatsuki-Horimoto 

K, Sashika M, Ito T, Suzuki K, Yokoyama M, Kawaoka Y. 

Highly pathogenic avian influenza virus infection in feral 

raccoons, Japan. Emerg Infect Dis. 2011;17(4):714-7. 

Hsieh SM, Huang YS, Chang SY, Lin PH, Chang SC. 

Serological survey in close contacts with a confirmed case of 

H7N9 influenza in Taiwan. J Infect. 2013;67(5):494-5. 

Hu T, Zhao H, Zhang Y, Zhang W, Kong Q, Zhang Z, Cui Q, Qiu 

W, Deng B, Fan Q, Zhang F. Fatal influenza A (H5N1) virus 

infection in zoo-housed tigers in Yunnan Province, China. Sci 

Rep. 2016;6:25845.  

Hulse-Post DJ, Sturm-Ramirez KM, Humberd J, Seiler P, 

Govorkova EA, Krauss S et al. Role of domestic ducks in the 

propagation and biological evolution of highly pathogenic 

H5N1 influenza viruses in Asia. Proc Natl Acad Sci U S A. 

2005;102(30):10682-7. 

Huo X, Zu R, Qi X, Qin Y, Li L, Tang F, Hu Z, Zhu F. 

Seroprevalence of avian influenza A (H5N1) virus among 

poultry workers in Jiangsu Province, China: an observational 

study. BMC Infect Dis. 2012;12:93. 

Ip DK, Liao Q, Wu P, Gao Z, Cao B, Feng L et al. Detection of 

mild to moderate influenza A/H7N9 infection by China's 

national sentinel surveillance system for influenza-like 

illness: case series. BMJ. 2013;346:f3693. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 19 of 41 

Ip HS, Torchetti MK, Crespo R, Kohrs P, DeBruyn P, Mansfield 

KG et al. Novel Eurasian highly pathogenic avian influenza 

A H5 viruses in wild birds, Washington, USA, 2014. Emerg 

Infect Dis. 2015;21(5):886-90. 

Isoda N, Sakoda Y, Kishida N, Bai GR, Matsuda K, Umemura T, 

Kida H. Pathogenicity of a highly pathogenic avian influenza 

virus, A/chicken/Yamaguchi/7/04 (H5N1) in different 

species of birds and mammals. Arch Virol. 

2006;151(7):1267-79. 

Jakobek BT, Berhane Y, Nadeau MS, Embury-Hyatt C, Lung O, 

Xu W, Lair S. Influenza A(H5N1) virus infections in 2 free-

ranging black bears (Ursus americanus), Quebec, Canada. 

Emerg Infect Dis. 2023;29(10):2145-49. 

Jeong J, Kang HM, Lee EK, Song BM, Kwon YK, Kim HR et al. 

Highly pathogenic avian influenza virus (H5N8) in domestic 

poultry and its relationship with migratory birds in South 

Korea during 2014. Vet Microbiol. 2014;173(3-4):249-57. 

Jhung MA, Nelson DI. Outbreaks of avian influenza A (H5N2), 

(H5N8), and (H5N1) among birds--United States, December 

2014-January 2015. MMWR Morb Mortal Wkly Rep. 

2015;64(4):111. 

Jia N, de Vlas SJ, Liu YX, Zhang JS, Zhan L, Dang RL, Ma YH, 

Wang XJ, Liu T, Yang GP, Wen QL, Richardus JH, Lu S, 

Cao WC. Serological reports of human infections of H7 and 

H9 avian influenza viruses in northern China. J Clin Virol. 

2009;44(3):225-9.  

Johnson DC, Maxfield BG. An occurrence of avian influenza 

virus infection in laying chickens. Avian Dis. 

1976;20(2):422-4. 

Jourdain E, Gunnarsson G, Wahlgren J, Latorre-Margalef N, 

Brojer C, Sahlin S, Svensson L, Waldenstrom J, Lundkvist 

A, Olsen B. Influenza virus in a natural host, the mallard: 

experimental infection data. PLoS One. 2010;5(1):e8935.  

Kaleta EF, Honicke A. A retrospective description of a highly 

pathogenic avian influenza A virus 

(H7N1/Carduelis/Germany/72) in a free-living siskin 

(Carduelis spinus Linnaeus, 1758) and its accidental 

transmission to yellow canaries (Serinus canaria Linnaeus, 

1758). Dtsch Tierarztl Wochenschr. 2005;112(1):17-9. 

Kalthoff D, Breithaupt A, Teifke JP, Globig A, Harder T, 

Mettenleiter TC, Beer M. Highly pathogenic avian influenza 

virus (H5N1) in experimentally infected adult mute swans. 

Emerg Infect Dis. 2008;14(8):1267-70. 

Kalthoff D, Hoffmann B, Harder T, Durban M, Beer M. 

Experimental infection of cattle with highly pathogenic avian 

influenza virus (H5N1). Emerg Infect Dis. 2008;14(7):1132-4. 

Kandeel A, Manoncourt S, Abd el KE, Mohamed Ahmed AN, 

El-Refaie S, Essmat H, Tjaden J, de Mattos CC, Earhart KC, 

Marfin AA, El-Sayed N. Zoonotic transmission of avian 

influenza virus (H5N1), Egypt, 2006-2009. Emerg Infect Dis. 

2010;16(7):1101-7. 

Kandeil A, Patton C, Jones JC, Jeevan T, Harrington WN, et al. 

Rapid evolution of A(H5N1) influenza viruses after 

intercontinental spread to North America. Nat Commun. 

2023;14(1):3082. 

Kandun IN, Tresnaningsih E, Purba WH, Lee V, Samaan G, 

Harun S, Soni E, Septiawati C, Setiawati T, Sariwati E, 

Wandra T. Factors associated with case fatality of human 

H5N1 virus infections in Indonesia: a case series. Lancet. 

2008;372(9640):744-9 

Kayali G, Barbour E, Dbaibo G, Tabet C, Saade M, Shaib HA, 

deBeauchamp J, Webby RJ. Evidence of infection with H4 

and H11 avian influenza viruses among Lebanese chicken 

growers. PLoS One. 2011;6(10):e26818. 

Kayali G, Kandeil A, El-Shesheny R, Kayed AS, Maatouq AM, 

Cai Z, McKenzie PP, Webby RJ, El Refaey S, Kandeel A, 

Ali MA. Avian influenza A(H5N1) virus in Egypt. Emerg 

Infect Dis. 2016;22(3):379-88.  

Kayali G, Ortiz EJ, Chorazy ML, Gray GC. Evidence of previous 

avian influenza infection among US turkey workers. 

Zoonoses Public Health. 2010;57(4):265-72. 

Keawcharoen J, Oraveerakul K, Kuiken T, Fouchier RA, 

Amonsin A, Payungporn S et al. Avian influenza H5N1 in 

tigers and leopards. Emerg Infect Dis. 2004;10(12):2189-91. 

Keawcharoen J, van Riel D, van Amerongen G, Bestebroer T, 

Beyer WE, van Lavieren R, Osterhaus AD, Fouchier RA, 

Kuiken T. Wild ducks as long-distance vectors of highly 

pathogenic avian influenza virus (H5N1). Emerg Infect Dis. 

2008;14(4):600-7. 

Khan SU, Anderson BD, Heil GL, Liang S, Gray GC. A 

systematic review and meta-analysis of the seroprevalence of 

influenza A(H9N2) infection among humans. J Infect Dis. 

2015;212(4):562-9. 

Khan SU, Berman L, Haider N, Gerloff N, Rahman MZ, Shu B 

et al. Investigating a crow die-off in January-February 2011 

during the introduction of a new clade of highly pathogenic 

avian influenza virus H5N1 into Bangladesh. Arch Virol. 

2014;159(3):509-18. 

Khuntirat BP, Yoon IK, Blair PJ, Krueger WS, Chittaganpitch M, 

Putnam SD, Supawat K, Gibbons RV, Pattamadilok S, 

Sawanpanyalert P, Heil GL, Friary JA, Capuano AW, Gray GC. 

Evidence for subclinical avian influenza virus infections among 

rural Thai villagers. Clin Infect Dis. 2011;53(8):e107-e116. 

Khurelbaatar N, Krueger WS, Heil GL, Darmaa B, Ulziimaa D, 

Tserennorov D, Baterdene A, Anderson BD, Gray GC. 

Sparse evidence for equine or avian influenza virus 

infections among Mongolian adults with animal exposures. 

Influenza Other Respir Viruses. 2013; 7(6):1246-50. 

Kida H, Ito T, Yasuda J et al Potential for transmission of avian 

influenza viruses to pigs. J Gen Virol 1994; 75:2183-8. 

Kilany WH, Arafa A, Erfan AM, Ahmed MS, Nawar AA, Selim 

AA, Khoulosy SG, Hassan MK, Aly MM, Hafez HM, 

Abdelwhab EM. Isolation of highly pathogenic avian 

influenza H5N1 from table eggs after vaccinal break in 

commercial layer flock. Avian Dis. 2010;54(3):1115-9. 

Killian ML. Avian influenza virus sample types, collection, and 

handling. Methods Mol Biol. 2014;1161:83-91. 

Kim HR, Kwon YK, Jang I, Lee YJ, Kang HM, Lee EK, Song 

BM, Lee HS, Joo YS, Lee KH, Lee HK, Baek KH, Bae YC. 

Pathologic changes in wild birds infected with highly 

pathogenic avian influenza A(H5N8) viruses, South Korea, 

2014. Emerg Infect Dis. 2015;21(5):775-80. 

Kim HM, Park EH, Yum J, Kim HS, Seo SH. Greater virulence 

of highly pathogenic H5N1 influenza virus in cats than in 

dogs. Arch Virol. 2015;160(1):305-13. 

Kim JK, Seiler P, Forrest HL, Khalenkov AM, Franks J, Kumar 

M, Karesh WB, Gilbert M, Sodnomdarjaa R, Douangngeun 

B, Govorkova EA, Webster RG. Pathogenicity and vaccine 

efficacy of different clades of Asian H5N1 avian influenza A 

viruses in domestic ducks. J Virol. 2008;82(22):11374-82. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 20 of 41 

Kim YI, Pascua PN, Kwon HI, Lim GJ, Kim EH, Yoon SW et al. 

Pathobiological features of a novel, highly pathogenic avian 

influenza A(H5N8) virus. Emerg Microbes Infect. 

2014;3(10):e75. 

Kishida N, Sakoda Y, Isoda N, Matsuda K, Eto M, Sunaga Y, 

Umemura T, Kida H. Pathogenicity of H5 influenza viruses 

for ducks. Arch Virol. 2005;150(7):1383-92. 

Klopfleisch R, Wolf PU, Uhl W, Gerst S, Harder T, Starick E, 

Vahlenkamp TW, Mettenleiter TC, Teifke JP. Distribution of 

lesions and antigen of highly pathogenic avian influenza 

virus A/Swan/Germany/R65/06 (H5N1) in domestic cats 

after presumptive infection by wild birds. Vet Pathol. 

2007;44(3):261-8. 

Komar N, Olsen B. Avian influenza virus (H5N1) mortality 

surveillance. Emerg Infect Dis. 2008;14(7):1176-8. 

Krauss S, Webster RG. Avian influenza virus surveillance and 

wild birds: past and present. Avian Dis. 2010;54(1 

Suppl):394-8. 

Krueger WS, Khuntirat B, Yoon IK, Blair PJ, Chittagarnpitch M, 

Putnam SD, Supawat K, Gibbons RV, Bhuddari D, 

Pattamadilok S, Sawanpanyalert P, Heil GL, Gray GC. 

Prospective study of avian influenza virus infections among 

rural Thai villagers. PLoS One. 2013;8(8):e72196. 

Kuiken T, Rimmelzwaan G, van Riel D, van Amerongen G, 

Baars M, Fouchier R, Osterhaus A. Avian H5N1 influenza in 

cats. Science. 2004;306(5694):241. 

Kwon D, Lee JY, Choi W, Choi JH, Chung YS, Lee NJ, Cheong 

HM, Katz JM, Oh HB, Cho H, Kang C. Avian influenza a 

(H5N1) virus antibodies in poultry cullers, South Korea, 

2003-2004. Emerg Infect Dis. 2012;18(6):986-8. 

Kwon YK, Thomas C, Swayne DE. Variability in pathobiology 

of South Korean H5N1 high-pathogenicity avian influenza 

virus infection for 5 species of migratory waterfowl. Vet 

Pathol. 2010;47(3):495-506. 

Lai S, Qin Y, Cowling BJ, Ren X, Wardrop NA, et al. Global 

epidemiology of avian influenza A H5N1 virus infection in 

humans, 1997-2015: a systematic review of individual case 

data. Lancet Infect Dis. 2016;16(7):e108-18.  

Lam TT, Wang J, Shen Y, Zhou B, Duan L, Cheung CL et al. 

The genesis and source of the H7N9 influenza viruses 

causing human infections in China. Nature. 

2013;502(7470):241-4. 

Lam TT, Zhou B, Wang J, Chai Y, Shen Y, Chen X et al. 

Dissemination, divergence and establishment of H7N9 

influenza viruses in China. Nature. 2015;522(7554):102-5. 

Le MQ, Horby P, Fox A, Nguyen HT, Le Nguyen HK, Hoang 

PM, Nguyen KC, de Jong MD, Jeeninga RE, van Doom HR, 

Farrar J, Wertheim HF. Subclinical avian influenza A(H5N1) 

virus infection in human, Vietnam. Emerg Infect Dis. 

2013;19(10):1674-7. 

Lebarbenchon C, Sreevatsan S, Ramakrishnan MA, Poulson R, 

Goekjian V, Di Matteo JJ, Wilcox B, Stallknecht DE. 

Influenza A viruses in American white pelican (Pelecanus 

erythrorhynchos). J Wildl Dis. 2010;46(4):1284-9. 

Lee CW, Senne DA, Suarez DL. Effect of vaccine use in the 

evolution of Mexican lineage H5N2 avian influenza virus. J 

Virol. 2004;78(15):8372-81. 

Lee DH, Torchetti MK, Winker K, Ip HS, Song CS, Swayne DE. 

Intercontinental spread of Asian-origin H5N8 to North 

America through Beringia by migratory birds. J Virol. 

2015;89(12):6521-4. 

Lee JH, Pascua PN, Song MS, Baek YH, Kim CJ, Choi HW, 

Sung MH, Webby RJ, Webster RG, Poo H, Choi YK. 

Isolation and genetic characterization of H5N2 influenza 

viruses from pigs in Korea. J Virol. 2009;83(9):4205-15. 

Lee K, Lee EK, Lee H, Heo GB, Lee YN, Jung JY, Bae YC, So 

B, Lee YJ, Choi EJ. Highly pathogenic avian influenza 

A(H5N6) in domestic cats, South Korea. Emerg Infect Dis. 

2018;24(12):2343-7.  

Leguia M, Garcia-Glaessner A, Muñoz-Saavedra B, Juarez D, 

Barrera P, Calvo-Mac C, Jara J, Silva W, Ploog K, Amaro L, 

Colchao-Claux P, Johnson CK, Uhart MM, Nelson MI, 

Lescano J. Highly pathogenic avian influenza A (H5N1) in 

marine mammals and seabirds in Peru. Nat Commun. 

2023;14(1): 5489. 

Leschnik M, Weikel J, Mostl K, Revilla-Fernandez S, Wodak E, 

Bago Z, Vanek E, Benetka V, Hess M, Thalhammer JG. 

Subclinical infection with avian influenza A (H5N1) virus in 

cats. Emerg Infect Dis. 2007;13(2):243-7. 

Lewis NS, Banyard AC, Whittard E, Karibayev T, Al Kafagi T, 

et al. Emergence and spread of novel H5N8, H5N5 and 

H5N1 clade 2.3.4.4 highly pathogenic avian influenza in 

2020. Emerg Microbes Infect. 2021;10(1):148-51. 

Li C, Chen H. H7N9 influenza virus in China. Cold Spring Harb 

Perspect Med. 2021;11(8):a038349. 

 Li Q, Zhou L, Zhou M, Chen Z, Li F, Wu H et al. Epidemiology 

of human infections with avian influenza A(H7N9) virus in 

China. N Engl J Med. 2014;370(6):520-32. 

Liao Q, Bai T, Zhou L, Vong S, Guo J, Lv W et al. 

Seroprevalence of antibodies to highly pathogenic avian 

influenza A (H5N1) virus among close contacts exposed to 

H5N1 cases, China, 2005-2008. PLoS One. 

2013;8(8):e71765. 

Liem NT, Tung CV, Hien ND, Hien TT, Chau NQ, Long HT, 

Hien NT, Mai lQ, Taylor WR, Wertheim H, Farrar J, Khang 

DD, Horby P. Clinical features of human influenza A 

(H5N1) infection in Vietnam: 2004-2006. Clin Infect Dis. 

2009;48(12):1639-46. 

Lin HT, Wang CH, Chueh LL, Su BL, Wang LC. Influenza 

A(H6N1) virus in dogs, Taiwan. Emerg Infect Dis. 

2015;21(12):2154-7. 

Lindh E, Ek-Kommonen C, Vaananen VM, Vaheri A, Vapalahti 

O, Huovilainen A. Molecular epidemiology of H9N2 

influenza viruses in northern Europe. Vet Microbiol. 

2014;172(3-4):548-54. 

Lipatov AS, Kwon YK, Pantin-Jackwood MJ, Swayne DE. 

Pathogenesis of H5N1 influenza virus infections in mice and 

ferret models differs according to respiratory tract or 

digestive system exposure. J Infect Dis. 2009;199(5):717-25. 

Lipatov AS, Kwon YK, Sarmento LV, Lager KM, Spackman E, 

Suarez DL, Swayne DE. Domestic pigs have low 

susceptibility to H5N1 highly pathogenic avian influenza 

viruses. PLoS Pathog. 2008;4(7):e1000102. 

Liu CG, Liu M, Liu F, Lv R, Liu DF, Qu LD, Zhang Y. 

Emerging multiple reassortant H5N5 avian influenza viruses 

in ducks, China, 2008. Vet Microbiol. 2013;167(3-4):296-

306. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 21 of 41 

Liu J, Xiao H, Lei F, Zhu Q, Qin K, Zhang XW, Zhang XL, 

Zhao D, Wang G, Feng Y, Ma J, Liu W, Wang J, Gao GF. 

Highly pathogenic H5N1 influenza virus infection in 

migratory birds. Science. 2005;309(5738):1206. 

Liu S, Sun J, Cai J, Miao Z, Lu M, Qin S, Wang X, Lv H, Yu Z, 

Amer S, Chai C. Epidemiological, clinical and viral 

characteristics of fatal cases of human avian influenza A 

(H7N9) virus in Zhejiang Province, China. J Infect. 

2013;67(6):595-605. 

Lopez-Martinez I, Balish A, Barrera-Badillo G, Jones J, Nunez-

Garcia TE, Jang Y et al. Highly pathogenic avian influenza 

A(H7N3) virus in poultry workers, Mexico, 2012. Emerg 

Infect Dis. 2013;19(9):1531-4. 

Lv H, Han J, Zhang P, Lu Y, Wen D, Cai J, Liu S, Sun J, Yu Z, 

Zhang H, Gong Z, Chen E, Chen Z. Mild illness in avian 

influenza A(H7N9) virus-infected poultry worker, Huzhou, 

China, April 2013. Emerg Infect Dis. 2013;19(11):1885-8. 

Lvov DK, Zdanov VM, Sazonov AA, Braude NA, Vladimirtceva 

EA, Agafonova LV et al. Comparison of influenza viruses 

isolated from man and from whales. Bull World Health 

Organ. 1978;56(6):923-30.  

Maas R, Tacken M, Ruuls L, Koch G, van Rooij E, Stockhofe-

Zurwieden N. Avian influenza (H5N1) susceptibility and 

receptors in dogs. Emerg Infect Dis. 2007;13(8):1219-21. 

Malik Peiris J. Avian influenza viruses in humans. Rev Sci Tech. 

2008;28(1):161-74. 

Marangon S, Cecchinato M, Capua I. Use of vaccination in avian 

influenza control and eradication. Zoonoses Public Health. 

2008;55(1):65-72. 

Marchenko VY, Alekseev AY, Sharshov KA, Petrov VN, Silko 

NY, Susloparov IM, Tserennorov D, Otgonbaatar D, 

Savchenko IA, Shestopalov AM. Ecology of influenza virus 

in wild bird populations in Central Asia. Avian Dis. 

2012;56(1):234-7. 

Marois P, Boudreault A, DiFranco E, Pavilanis V. Response of 

ferrets and monkeys to intranasal infection with human, 

equine and avian influenza viruses. Can J Comp Med. 

1971;35(1):71-6. 

Marschall J, Schulz B, Harder Priv-Doz TC, Vahlenkamp Priv-

Doz TW, Huebner J, Huisinga E, Hartmann K. Prevalence of 

influenza A H5N1 virus in cats from areas with occurrence 

of highly pathogenic avian influenza in birds. J Feline Med 

Surg. 2008;10(4):355-8. 

Mase M, Eto M, Tanimura N, Imai K, Tsukamoto K, Horimoto 

T, Kawaoka Y, Yamaguchi S. Isolation of a genotypically 

unique H5N1 influenza virus from duck meat imported into 

Japan from China. Virology. 2005;339:101-9. 

Mo IP, Brugh M, Fletcher OJ, Rowland GN, Swayne DE. 

Comparative pathology of chickens experimentally 

inoculated with avian influenza viruses of low and high 

pathogenicity. Avian Dis. 1997;41(1):125-36. 

Moses HE, Brandley CA, Jones EE. The isolation and 

identification of fowl plague virus. Am J Vet Res. 

1948;9:314-28. 

Mutinelli F, Capua I, Terregino C, Cattoli G. Clinical, gross, and 

microscopic findings in different avian species naturally 

infected during the H7N1 low- and high-pathogenicity avian 

influenza epidemics in Italy during 1999 and 2000. Avian 

Dis. 2003;47(3 Suppl):844-8. 

Nagy A, Machova J, Hornickova J, Tomci M, Nagl I, Horyna B, 

Holko I. Highly pathogenic avian influenza virus subtype 

H5N1 in mute swans in the Czech Republic. Vet Microbiol. 

2007;120(1-2):9-16. 

Nam JH, Kim EH, Song D, Choi YK, Kim JK, Poo H. 

Emergence of mammalian species-infectious and -pathogenic 

avian influenza H6N5 virus with no evidence of adaptation. J 

Virol. 2011;85(24):13271-7. 

Narayan O, Lang G, Rouse BT. A new influenza A virus 

infection in turkeys. IV. Experimental susceptibility of 

domestic birds to virus strain turkey-Ontario 7732-1966. 

Arch Gesamte Virusforsch. 1969;26(1):149-65. 

Nielsen O, Clavijo A, Boughen JA. Serologic evidence of 

influenza A infection in marine mammals of Arctic Canada. J 

Wildl Dis. 2001;37(4):820-5. 

Nidom CA, Takano R, Yamada S, Sakai-Tagawa Y, Daulay S, 

Aswadi D, Suzuki T, Suzuki Y, Shinya K, Iwatsuki-

Horimoto K, Muramoto Y, Kawaoka Y. Influenza A (H5N1) 

viruses from pigs, Indonesia. Emerg Infect Dis. 

2010;16(10):1515-23. 

Nolting J, Fries AC, Slemons RD, Courtney C, Hines N, 

Pedersen J. Recovery of H14 influenza A virus isolates from 

sea ducks in the Western Hemisphere. PLoS Curr. 

2012;4:RRN1290.  

Ogawa S, Yamamoto Y, Yamada M, Mase M, Nakamura K. 

Pathology of whooper swans (Cygnus cygnus) infected with 

H5N1 avian influenza virus in Akita, Japan, in 2008. J Vet 

Med Sci. 2009;71(10):1377-80. 

Oguzie JU, Marushchak LV, Shittu I, Lednicky JA, Miller AL, 

Hao H, Nelson MI, Gray GC. Avian influenza A(H5N1) 

virus among dairy cattle, Texas, USA. Emerg Infect Dis. 

2024;30(7). 

Olsen B, Munster VJ, Wallensten A, Waldenstrom J, Osterhaus 

AD, Fouchier RA. Global patterns of influenza A virus in 

wild birds. Science. 2006;312(5772):384-8. 

Okoye J, Eze D, Krueger WS, Heil GL, Friary JA, Gray GC. 

Serologic evidence of avian influenza virus infections among 

Nigerian agricultural workers. J Med Virol. 2013;85(4):670-6. 

Oner AF, Dogan N, Gasimov V, Adisasmito W, Coker R, Chan 

PK, Lee N, Tsang O, Hanshaoworakul W, Zaman M, 

Bamgboye E, Swenson A, Toovey S, Dreyer NA. H5N1 avian 

influenza in children. Clin Infect Dis. 2012;55(1):26-32. 

Orozovic G, Orozovic K, Lennerstrand J, Olsen B. Detection of 

resistance mutations to antivirals oseltamivir and zanamivir 

in avian influenza A viruses isolated from wild birds. PLoS 

One. 2011;6(1):e16028. 

Ostrowsky B, Huang A, Terry W, Anton D, Brunagel B, Traynor 

L, Abid S, Johnson G, Kacica M, Katz J, Edwards L, 

Lindstrom S, Klimov A, Uyeki TM. Low pathogenic avian 

influenza A (H7N2) virus infection in immunocompromised 

adult, New York, USA, 2003. Emerg Infect Dis. 

2012;18(7):1128-31. 

Pan M, Gao R, Lv Q, Huang S, Zhou Z, Yang L et al. Human 

infection with a novel highly pathogenic avian influenza A 

(H5N6) virus: Virological and clinical findings. J Infect. 

2016;72(1):52-9. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 22 of 41 

Pasick J, Berhane Y, Joseph T, Bowes V, Hisanaga T, Handel K, 

Alexandersen S. Reassortant highly pathogenic influenza A 

H5N2 virus containing gene segments related to Eurasian 

H5N8 in British Columbia, Canada, 2014. Sci Rep. 

2015;5:9484. 

Pawar S, Chakrabarti A, Cherian S, Pande S, Nanaware M, Raut 

S, Pal B, Jadhav S, Kode S, Koratkar S, Thite V, Mishra A. 

An avian influenza A(H11N1) virus from a wild aquatic bird 

revealing a unique Eurasian-American genetic reassortment. 

Virus Genes. 2010;41(1):14-22. 

Pearce JM, Ramey AM, Ip HS, Gill RE, Jr. Limited evidence of 

trans-hemispheric movement of avian influenza viruses 

among contemporary North American shorebird isolates. 

Virus Res. 2010;148 (1-2):44-50. 

Peiris M, Yuen KY, Leung CW, Chan KH, Ip PL, Lai RW, Orr 

WK, Shortridge KF. Human infection with influenza H9N2. 

Lancet. 1999;354(9182):916-7. 

 Peng L, Chen C, Kai-yi H, Feng-Xia Z, Yan-Li Z, Zong-Shuai 

L, Xing-xiao Z, Shi-Jin J, Zhi-Jing X. Molecular 

characterization of H9N2 influenza virus isolated from mink 

and its pathogenesis in mink. Vet Microbiol. 2015;176(1-

2):88-96. 

Perkins LE, Swayne DE. Pathobiology of A/chicken/Hong 

Kong/220/97 (H5N1) avian influenza virus in seven 

gallinaceous species. Vet Pathol. 2001;38(2):149-64. 

Perkins LE, Swayne DE. Varied pathogenicity of a Hong Kong-

origin H5N1 avian influenza virus in four passerine species 

and budgerigars. Vet Pathol. 2003;40(1):14-24. 

ProMed Mail. PRO/AH/EDR> Avian influenza, human - 

Thailand (06). Sept. 9, 2004. Archive Number 

20040909.2513. Available at http://www.promedmail.org. 

Accessed 8 Dec 2009.  

Promkuntod N, Antarasena C, Prommuang P, Prommuang P. 

Isolation of avian influenza virus A subtype H5N1 from 

internal contents (albumen and allantoic fluid) of Japanese 

quail (Coturnix coturnix japonica) eggs and oviduct during a 

natural outbreak. Ann N Y Acad Sci. 2006;1081:171-3. 

Puryear W, Sawatzki K, Hill N, Foss A, Stone JJ, et al. Highly 

pathogenic avian influenza A(H5N1) virus outbreak in New 

England seals, United States.Emerg Infect Dis. 

2023;29(4):786-91. 

Puzelli S, Di Trani L., Fabiani C, Campitelli L, De Marco MA, 

Capua I, Aguilera JF, Zambon M, Donatelli I. Serological 

analysis of serum samples from humans exposed to avian H7 

influenza viruses in Italy between 1999 and 2003. J Infect 

Dis. 2005;192(8):1318-22. 

Qi X, Li X, Rider P, Fan W, Gu H, Xu L, Yang Y, Lu S, Wang 

H, Liu F. Molecular characterization of highly pathogenic 

H5N1 avian influenza A viruses isolated from raccoon dogs 

in China. PLoS One. 2009;4(3):e4682. 

Qi W, Su S, Xiao C, Zhou P, Li H, Ke C, Gray GC, Zhang G, 

Liao M. Antibodies against H10N8 avian influenza virus 

among animal workers in Guangdong Province before 

November 30, 2013, when the first human H10N8 case was 

recognized. BMC Med. 2014;12:205. 

Qi X, Qian YH, Bao CJ, Guo XL, Cui LB, Tang FY et al. 

Probable person to person transmission of novel avian 

influenza A (H7N9) virus in eastern China, 2013: 

epidemiological investigation. BMJ. 2013;347:f4752. 

Qi Y, Ni HB, Chen X, Li S. Seroprevalence of highly pathogenic 

avian influenza (H5N1) virus infection among humans in 

mainland China: A systematic review and meta-analysis. 

Transbound Emerg Dis. 2020. doi: 10.1111/tbed.13564. 

Online ahead of print. 

Quan C, Wang Q, Zhang J, Zhao M, Dai Q,et al. Avian influenza 

A viruses among occupationally exposed populations, China, 

2014-2016. Emerg Infect Dis. 2019;25(12):2215-25. 

Ramey AM, Pearce JM, Ely CR, Guy LM, Irons DB, Derksen 

DV, Ip HS. Transmission and reassortment of avian 

influenza viruses at the Asian-North American interface. 

Virology. 2010;406(2):352-9. 

Ramey AM, Pearce JM, Flint PL, Ip HS, Derksen DV, Franson 

JC, Petrula MJ, Scotton BD, Sowl KM, Wege ML, Trust KA. 

Intercontinental reassortment and genomic variation of low 

pathogenic avian influenza viruses isolated from northern 

pintails (Anas acuta) in Alaska: examining the evidence 

through space and time. Virology. 2010;401(2):179-89. 

Reeves AB, Pearce JM, Ramey AM, Ely CR, Schmutz JA, Flint 

PL, Derksen DV, Ip HS, Trust KA. Genomic analysis of 

avian influenza viruses from waterfowl in western Alaska, 

USA. J Wildl Dis. 2013;49(3):600-10. 

Reperant LA, Rimmelzwaan GF, Kuiken T. Avian influenza 

viruses in mammals. Rev Sci Tech. 2009;28(1):137-59. 

Reperant LA, van Amerongen G, van de Bildt MW, 

Rimmelzwaan GF, Dobson AP, Osterhaus AD, Kuiken T. 

Highly pathogenic avian influenza virus (H5N1) infection in 

red foxes fed infected bird carcasses. Emerg Infect Dis. 

2008;14(12):1835-41. 

Rimmelzwaan GF, van Riel D., Baars M, Bestebroer TM, van 

Amerongen G., Fouchier RA, Osterhaus AD, Kuiken T. 

Influenza A virus (H5N1) infection in cats causes systemic 

disease with potential novel routes of virus spread within and 

between hosts. Am J Pathol. 2006;168(1):176-83. 

Roberts NM, Henzler DJ, Clark L. Serologic evidence of avian 

influenza (H4N6) exposure in a wild-caught raccoon. Avian 

Dis. 2009;53(3):455-7. 

Root JJ, Shriner SA, Bentler KT, Gidlewski T, Mooers NL, Ellis 

JW, Spraker TR, VanDalen KK, Sullivan HJ, Franklin AB. 

Extended viral shedding of a low pathogenic avian influenza 

virus by striped skunks (Mephitis mephitis). PLoS One. 

2014;9(1):e70639. 

Root JJ, Shriner SA, Bentler KT, Gidlewski T, Mooers NL, 

Spraker TR, VanDalen KK, Sullivan HJ, Franklin AB. 

Shedding of a low pathogenic avian influenza virus in a 

common synanthropic mammal--the cottontail rabbit. PLoS 

One. 2014;9(8):e102513. 

Sangkachai N, Thongdee M, Chaiwattanarungruengpaisan S, 

Buddhirongawatr R, Chamsai T, Poltep K, Wiriyarat W, 

Paungpin W. Serological evidence of influenza virus 

infection in captive wild felids, Thailand. J Vet Med Sci. 

2019;81(9):1341-7.  

Schultsz C, Nguyen VD, Hai lT, Do QH, Peiris JS, Lim W et al. 

Prevalence of antibodies against avian influenza A (H5N1) 

virus among cullers and poultry workers in Ho Chi Minh 

City, 2005. PLoS One. 2009;4(11):e7948. 

Shafir SC, Fuller T, Smith TB, Rimoin AW. A national study of 

individuals who handle migratory birds for evidence of avian 

and swine-origin influenza virus infections. J Clin Virol. 

2012;54(4):364-7. 

http://www.cfsph.iastate.edu/
http://www.promedmail.org/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 23 of 41 

Shi J, Xie J, He Z, Hu Y, He Y, Huang Q, Leng B, He W, Sheng 

Y, Li F, Song Y, Bai C, Gu Y, Jie Z. A detailed 

epidemiological and clinical description of 6 human cases of 

avian-origin influenza A (H7N9) virus infection in Shanghai. 

PLoS One. 2013;8(10):e77651. 

Shin JH, Woo C, Wang SJ, Jeong J, An IJ, Hwang JK, Jo SD, Yu 

SD, Choi K, Chung HM, Suh JH, Kim SH. Prevalence of 

avian influenza virus in wild birds before and after the HPAI 

H5N8 outbreak in 2014 in South Korea. J Microbiol. 

2015;53(7):475-80. 

Shinya K, Makino A, Tanaka H, Hatta M, Watanabe T, Le MQ, 

Imai H, Kawaoka Y. Systemic dissemination of H5N1 

influenza A viruses in ferrets and hamsters after direct 

intragastric inoculation. J Virol. 2011;85(10):4673-8. 

Shriner SA, VanDalen KK, Mooers NL, Ellis JW, Sullivan HJ, 

Root JJ, Pelzel AM, Franklin AB. Low-pathogenic avian 

influenza viruses in wild house mice. PLoS One. 

2012;7(6):e39206. 

Shu Y, Li CK, Li Z, Gao R, Liang Q, Zhang Y et al. Avian 

influenza A(H5N1) viruses can directly infect and replicate 

in human gut tissues. J Infect Dis. 2010;201(8):1173-7. 

Siembieda JL, Johnson CK, Cardona C, Anchell N, Dao N, 

Reisen W, Boyce W. Influenza A viruses in wild birds of the 

Pacific flyway, 2005-2008. Vector Borne Zoonotic Dis. 

2010;10(8):793-800. 

Siengsanan J, Chaichoune K, Phonaknguen R, Sariya L, 

Prompiram P, Kocharin W, Tangsudjai S, Suwanpukdee S, 

Wiriyarat W, Pattanarangsan R, Robertson I, Blacksell SD, 

Ratanakorn P. Comparison of outbreaks of H5N1 highly 

pathogenic avian influenza in wild birds and poultry in 

Thailand. J Wildl Dis. 2009;45(3):740-7.  

Sillman SJ, Drozd M, Loy D, Harris SP. Naturally occurring 

highly pathogenic avian influenza virus H5N1 clade 2.3.4.4b 

infection in three domestic cats in North America during 

2023. J Comp Pathol. 2023;205:17-23. 

Skowronski DM, Tweed SA, Petric M, Booth T, Li Y, Tam T. 

Human illness and isolation of low-pathogenicity avian 

influenza virus of the H7N3 subtype in British Columbia, 

Canada. J Infect Dis. 2006;193(6):899-900. 

Slusher MJ, Wilcox BR, Lutrell MP, Poulson RL, Brown JD, 

Yabsley MJ, Stallknecht DE. Are passerine birds reservoirs 

for influenza A viruses? J Wildl Dis. 2014;50(4):792-809.. 

Soda K, Asakura S, Okamatsu M, Sakoda Y, Kida H. H9N2 

influenza virus acquires intravenous pathogenicity on the 

introduction of a pair of di-basic amino acid residues at the 

cleavage site of the hemagglutinin and consecutive passages 

in chickens. Virol J. 2011;8:64. 

Soilemetzidou ES, de Bruin E, Eschke K, Azab W, Osterrieder 

N, Czirják GÁ, Buuveibaatar B, Kaczensky P, Koopmans M, 

Walzer C, Greenwood AD. Bearing the brunt: Mongolian 

khulan (Equus hemionus hemionus) are exposed to multiple 

influenza A strains. Vet Microbiol. 2020;242:108605. 

Song QQ, Zhang FX, Liu JJ, Ling ZS, Zhu YL, Jiang SJ, Xie ZJ. 

Dog to dog transmission of a novel influenza virus (H5N2) 

isolated from a canine. Vet Microbiol. 2013;161(3-4):331-3. 

Songserm T, Amonsin A, Jam-On R, Sae-Heng N, Meemak N, 

Pariyothorn N, Payungporn S, Theamboonlers A, 

Poovorawan Y. Avian influenza H5N1 in naturally infected 

domestic cat. Emerg Infect Dis. 2006;12(4):681-3. 

Songserm T, Amonsin A, Jam-On R, Sae-Heng N, Pariyothorn 

N, Payungporn S, Theamboonlers A, Chutinimitkul S, 

Thanawongnuwech R, Poovorawan Y. Fatal avian influenza 

A H5N1 in a dog. Emerg Infect Dis. 2006;12(11):1744-7. 

Spickler AR, Trampel DW, Roth JA. The onset of virus shedding 

and clinical signs in chickens infected with high-

pathogenicity and low-pathogenicity avian influenza viruses. 

Avian Pathol. 2008;37:555-77. 

Stallknecht DE, Brown JD. Wild birds and the epidemiology of 

avian influenza. J Wildl Dis. 2007;43 Suppl:S15-20. 

Stoskopf MK. Viral diseases of marine mammals: Influenza 

virus. In: Kahn CM, Line S, Aiello SE, editors. The Merck 

veterinary manual [online]. Whitehouse Station, NJ: Merck 

and Co; 2015. Available at: 

http://www.merckvetmanual.com/mvm/exotic_and_laborator

y_animals/marine_mammals/viral_diseases_of_marine_mam

mals.html.* Accessed 16 Jun 2014. 

Sturm-Ramirez KM, Ellis T, Bousfield B, Bissett L, Dyrting K, 

Rehg JE, Poon L, Guan Y, Peiris M, Webster RG. Reemerging 

H5N1 influenza viruses in Hong Kong in 2002 are highly 

pathogenic to ducks. J Virol. 2004;78(9):4892-901. 

Sturm-Ramirez KM, Hulse-Post DJ, Govorkova EA, Humberd J, 

Seiler P, Puthavathana P et al. Are ducks contributing to the 

endemicity of highly pathogenic H5N1 influenza virus in 

Asia? J Virol. 2005;79(17):11269-79. 

Suarez DL, Das A, Ellis E. Review of rapid molecular diagnostic 

tools for avian influenza virus. Avian Dis. 2007;51(1 

Suppl):201-8. 

Su S, Qi W, Zhou P, Xiao C, Yan Z, Cui J, Jia K, Zhang G, Gray 

GC, Liao M, Li S. First evidence of H10N8 avian influenza 

virus infections among feral dogs in live poultry markets in 

Guangdong province, China. Clin Infect Dis. 

2014;59(5):748-50. 

Su S, Zhou P, Fu X, Wang L, Hong M, Lu G et al. Virological 

and epidemiological evidence of avian influenza virus 

infections among feral dogs in live poultry markets, China: A 

threat to human health? Clin Infect Dis. 2014;58(11):1644-6.. 

Sun L, Zhou P, He S, Luo Y, Jia K, Fu C, Sun Y, He H, Tu L, 

Ning Z, Yuan Z, Wang H, Li S, Yuan L. Sparse serological 

evidence of H5N1 avian influenza virus infections in 

domestic cats, northeastern China. Microb Pathog. 

2015;82:27-30. 

Sun X, Xu X, Liu Q, Liang D, Li C, He Q, Jiang J, Cui Y, Li J, 

Zheng L, Guo J, Xiong Y, Yan J. Evidence of avian-like 

H9N2 influenza A virus among dogs in Guangxi, China. 

Infect Genet Evol. 2013;20:471-5. 

Swayne DE. Avian influenza. In: Foreign animal diseases. Boca 

Raton, FL: United States Animal Health Association; 2008. 

p. 137-46. 

Swayne DE. Principles for vaccine protection in chickens and 

domestic waterfowl against avian influenza: emphasis on 

Asian H5N1 high pathogenicity avian influenza. Ann N Y 

Acad Sci. 2006;1081:174-81. 

Swayne DE. Understanding the complex pathobiology of high 

pathogenicity avian influenza viruses in birds. Avian Dis. 

2007;51(1 Suppl):242-9. 

Swayne DE, Beck JR. Experimental study to determine if low-

pathogenicity and high-pathogenicity avian influenza viruses 

can be present in chicken breast and thigh meat following 

intranasal virus inoculation. Avian Dis. 2005;49(1):81-5. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 24 of 41 

Swayne DE, Suarez DL. Current developments in avian 

influenza vaccines, including safety of vaccinated birds as 

food. Dev Biol (Basel). 2007;130:123-33. 

Takano R, Nidom CA, Kiso M, Muramoto Y, Yamada S, Shinya 

K, Sakai-Tagawa Y, Kawaoka Y. A comparison of the 

pathogenicity of avian and swine H5N1 influenza viruses in 

Indonesia. Arch Virol. 2009;154(4):677-81. 

Teifke JP, Klopfleisch R, Globig A, Starick E, Hoffmann B, 

Wolf PU, Beer M, Mettenleiter TC, Harder TC. Pathology of 

natural infections by H5N1 highly pathogenic avian 

influenza virus in mute (Cygnus olor) and whooper (Cygnus 

cygnus) swans. Vet Pathol. 2007;44(2):137-43. 

Thanawongnuwech R, Amonsin A, Tantilertcharoen R, 

Damrongwatanapokin S, Theamboonlers A, Payungporn S et 

al. Probable tiger-to-tiger transmission of avian influenza 

H5N1. Emerg Infect Dis. 2005;11(5):699-701. 

Thinh TV, Gilbert M, Bunpapong N, Amonsin A, Nguyen DT, 

Doherty PF, Jr., Huyvaert KP. Avian influenza viruses in 

wild land birds in northern Vietnam. J Wildl Dis. 

2012;48(1):195-200. 

To KK, Chan JF, Chen H, Li L, Yuen KY. The emergence of 

influenza A H7N9 in human beings 16 years after influenza 

A H5N1: a tale of two cities. Lancet Infect Dis. 

2013;13(9):809-21. 

To KK, Hung IF, Lui YM, Mok FK, Chan AS, Li PT, Wong TL, 

Ho DT, Chan JF, Chan KH, Yuen KY. Ongoing transmission 

of avian influenza A viruses in Hong Kong despite very 

comprehensive poultry control measures: A prospective 

seroepidemiology study. J Infect. 2016;72(2):207-13. 

Torchetti MK, Killian ML, Dusek RJ, Pedersen JC, Hines N, 

Bodenstein B, White CL, Ip HS. Novel H5 Clade 2.3.4.4 

Reassortant (H5N1) virus from a green-winged teal in 

Washington, USA. Genome Announc. 2015;3(2):e00195-15.. 

Tsukamoto K, Imada T, Tanimura N, Okamatsu M, Mase M, 

Mizuhara T, Swayne D, Yamaguchi S. Impact of different 

husbandry conditions on contact and airborne transmission of 

H5N1 highly pathogenic avian influenza virus to chickens. 

Avian Dis. 2007;51(1):129-32. 

Tumpey TM, Suarez DL, Perkins LE, Senne DA, Lee JG, Lee 

YJ, Mo IP, Sung HW, Swayne DE. Characterization of a 

highly pathogenic H5N1 avian influenza A virus isolated 

from duck meat. J Virol. 2002;76(12):6344-55. 

Tweed SA, Skowronski DM, David ST, Larder A, Petric M, Lees 

W et al. Human illness from avian influenza H7N3, British 

Columbia. Emerg Infect Dis. 2004;10(12):2196-9. 

Uchida Y, Takemae N, Tanikawa T, Kanehira K, Saito T. 

Transmission of an H5N8-subtype highly pathogenic avian 

influenza virus from infected hens to laid eggs. Avian Dis. 

2016;60(2):450-3. 

Ungchusak K, Auewarakul P, Dowell SF, Kitphati R, Auwanit 

W, Puthavathana P et al. Probable person-to-person 

transmission of avian influenza A (H5N1). N Engl J Med. 

2005;352(4):333-40. 

U.S. Department of Agriculture, Animal and Plant Health 

Inspection Service, Veterinary Services [USDA APHIS, VS]. 

Detections of highly pathogenic avian influenza in mammals. 

USDA APHIS; 2024 April. Available at: 

https://www.aphis.usda.gov/livestock-poultry-

disease/avian/avian-influenza/hpai-detections/mammals.  

Accessed 5 Apr 2024. 

United States Geological Survey [USGS]. National Wildlife 

Health Center. List of species affected by H5N1 (avian 

influenza) [online]. USGS; 2015. Available at: 

http://www.nwhc.usgs.gov/disease_information/avian_influe

nza/affected_species_chart.jsp.* Accessed 1 Feb 2016. 

Uyeki TM. Human infection with highly pathogenic avian 

influenza A (H5N1) virus: review of clinical issues. Clin 

Infect Dis. 2009;49(2):279-90. 

Uyeki TM, Nguyen DC, Rowe T, Lu X, Hu-Primmer J, Huynh 

LP, Hang NL, Katz JM. Seroprevalence of antibodies to 

avian influenza A (H5) and A (H9) viruses among market 

poultry workers, Hanoi, Vietnam, 2001. PLoS One. 

2012;7(8):e43948. 

Uyeki TM, Peiris M. Novel avian influenza A virus infections of 

humans. Infect Dis Clin North Am. 2019;33(4):907-32. 

Vahlenkamp TW, Teifke JP, Harder TC, Beer M, Mettenleiter 

TC. Systemic influenza virus H5N1 infection in cats after 

gastrointestinal exposure. Influenza Other Respir Viruses. 

2010;4(6):379-86. 

van der Goot JA, Koch G, de Jong MC, van Boven M. 

Quantification of the effect of vaccination on transmission of 

avian influenza (H7N7) in chickens. Proc Natl Acad Sci U S 

A. 2005;102(50):18141-6..  

van Gils JA, Munster VJ, Radersma R, Liefhebber D, Fouchier 

RA, Klaassen M. Hampered foraging and migratory 

performance in swans infected with low-pathogenic avian 

influenza A virus. PLoS One. 2007;2(1):e184. 

Van Reeth K. Avian and swine influenza viruses: our current 

understanding of the zoonotic risk. Vet Res. 2007;38(2):243-60. 

van Riel D, Rimmelzwaan GF, van Amerongen G, Osterhaus 

AD, Kuiken T. Highly pathogenic avian influenza virus 

H7N7 isolated from a fatal human case causes respiratory 

disease in cats but does not spread systemically. Am J Pathol. 

2010;177(5):2185-90.  

Veits J, Weber S, Stech O, Breithaupt A, Graber M, Gohrbandt 

S, Bogs J, Hundt J, Teifke JP, Mettenleiter TC, Stech J. 

Avian influenza virus hemagglutinins H2, H4, H8, and H14 

support a highly pathogenic phenotype. Proc Natl Acad Sci 

U S A. 2012;109(7):2579-84. 

Verhagen JH, van der Jeugd HP, Nolet BA, Slaterus R, 

Kharitonov SP, de Vries PP, Vuong O, Majoor F, Kuiken T, 

Fouchier RA. Wild bird surveillance around outbreaks of 

highly pathogenic avian influenza A(H5N8) virus in the 

Netherlands, 2014, within the context of global flyways. 

Euro Surveill. 2015;20(12). 

Virlogeux V, Li M, Tsang TK, Feng L, Fang VJ, Jiang H, Wu P, 

Zheng J, Lau EH, Cao Y, Qin Y, Liao Q, Yu H, Cowling BJ. 

Estimating the distribution of the incubation periods of 

human avian influenza A(H7N9) virus infections. Am J 

Epidemiol. 2015;182(8):723-9. 

Vong S, Ly S, Van Kerkhove MD, Achenbach J, Holl D, Buchy 

P, Sorn S, Seng H, Uyeki TM, Sok T, Katz JM. Risk factors 

associated with subclinical human infection with avian 

influenza A (H5N1) virus--Cambodia, 2006. J Infect Dis. 

2009;199(12):1744-52. 

Yamamoto Y, Nakamura K, Yamada M, Mase M. Corneal 

opacity in domestic ducks experimentally infected with 

H5N1 highly pathogenic avian influenza virus. Vet Pathol. 

2015;53(1):65-76. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 25 of 41 

Yang S, Chen Y, Cui D, Yao H, Lou J, Huo Z et al. Avian-origin 

influenza A(H7N9) infection in influenza A(H7N9)-affected 

areas of China: a serological study. J Infect Dis. 

2014;209(2):265-9. 

Yu L, Wang Z, Chen Y, Ding W, Jia H, Chan JF et al. Clinical, 

virological, and histopathological manifestations of fatal 

human infections by avian influenza A(H7N9) virus. Clin 

Infect Dis. 2013;57(10):1449-57. 

Wang H, Feng Z, Shu Y, Yu H, Zhou L, Zu R et al. Probable 

limited person-to-person transmission of highly pathogenic 

avian influenza A (H5N1) virus in China. Lancet. 

2008;371(9622):1427-34. 

 Wang J, Wu M, Hong W, Fan X, Chen R, Zheng Z, Zeng Y, 

Huang R, Zhang Y, Lam TT, Smith DK, Zhu H, Guan Y. 

Infectivity and transmissibility of avian H9N2 influenza 

viruses in pigs. J Virol. 2016;90(7):3506-14. 

Wang M, Fu CX, Zheng BJ. Antibodies against H5 and H9 avian 

influenza among poultry workers in China. N Engl J Med. 

2009;360(24):2583-4. 

 Wang N, Zou W, Yang Y, Guo X, Hua Y, Zhang Q, Zhao Z, Jin 

M. Complete genome sequence of an H10N5 avian influenza 

virus isolated from pigs in central China. J Virol. 

2012;86(24):13865-6. 

Wang TT, Parides MK, Palese P. Seroevidence for H5N1 

influenza infections in humans: meta-analysis. Science. 

2012;335(6075):1463. 

Wang W, Peng H, Zhao P, Qi Z, Zhao X, Wang Y, Wang C, 

Hang X, Ke J. Cross-reactive antibody responses to the novel 

avian influenza A H7N9 virus in Shanghai adults. J Infect. 

2014. 

Wang X, Fang S, Lu X, Xu C, Cowling BJ, Tang X et al. 

Seroprevalence to avian influenza A(H7N9) virus among 

poultry workers and the general population in Southern China: 

A longitudinal study. Clin Infect Dis. 2014;59(6):e76-e83. 

Wasik BR, Voorhees IEH, Parrish CR. Canine and feline 

influenza. Cold Spring Harb Perspect Med. 

2021;11(1):a038562.  

Webster RG, Yakhno M, Hinshaw VS, Bean WJ, Murti KG. 

Intestinal influenza: replication and characterization of 

influenza viruses in ducks. Virology. 1978;84(2):268-78.  

Wei SH, Yang JR, Wu HS, Chang MC, Lin JS, Lin CY et al. 

Human infection with avian influenza A H6N1 virus: an 

epidemiological analysis. Lancet Respir Med. 

2013;1(10):771-8. 

Westbury HA, Turner AJ, Kovesdy L. The pathogenicity of three 

Australian fowl plague viruses for chickens, turkeys and 

ducks. Vet Microbiol. 1979;4:223-34. 

Wille M, Huang Y, Robertson GJ, Ryan P, Wilhelm SI, Fifield D 

et al. Evaluation of seabirds in Newfoundland and Labrador, 

Canada, as hosts of influenza A viruses. J Wildl Dis. 

2014;50(1):98-103. 

Wille M, Robertson GJ, Whitney H, Bishop MA, Runstadler JA, 

Lang AS. Extensive geographic mosaicism in avian influenza 

viruses from gulls in the Northern Hemisphere. PLoS One. 

2011;6(6):e20664. 

Wong SS, Yoon SW, Zanin M, Song MS, Oshansky C, Zaraket 

H, Sonnberg S, Rubrum A, Seiler P, Ferguson A, Krauss S, 

Cardona C, Webby RJ, Crossley B. Characterization of an 

H4N2 influenza virus from quails with a multibasic motif in 

the hemagglutinin cleavage site. Virology. 2014;468-

470C:72-80. 

Wood JM, Webster RG, Nettles VF. Host range of 

A/Chicken/Pennsylvania/83 (H5N2) influenza virus. Avian 

Dis. 1985;29(1):198-207. 

World Health Organization [WHO]. Avian influenza – H5N1 

infection found in a stone marten in Germany [online]. 

WHO; 2006 March. Available at: 

http://www.who.int/csr/don/2006_03_09a/en/index.html.* 

Accessed 8 Jan 2006. 

World Health Organization. Avian influenza weekly update 

number 841; 22 April 2022. Available at: 

https://www.who.int/docs/default-source/wpro---

documents/emergency/surveillance/avian-

influenza/ai_20220218.pdf. Accessed 20 Apr 2022. 

World Health Organization (WHO). Human Infection caused by 

avian influenza A (H5N1) - Chile. WHO; 2023 Apr. 

Available at: https://www.who.int/emergencies/disease-

outbreak-news/item/2023-DON461.  Accessed 5 Apr 2024. 

World Organization for Animal Health [OIE]. Manual of 

diagnostic tests and vaccines for terrestrial animals [online]. 

Paris; OIE; 2021. Avian influenza. Available at: 

https://www.woah.org/fileadmin/Home/eng/Health_standard

s/tahm/3.03.04_AI.pdf . Accessed 15 May 2022.  

World Organzation for Animal Health (WOAH). United States of 

America - Influenza A viruses of high pathogenicity (Inf. 

with) (non-poultry including wild birds) (2017-) - Follow up 

report 45. WOAH; 2024 Apr. Available at: 

https://wahis.woah.org/#/in-review/4451. Accessed 5 Apr 

2024. 

Xu W, Lu L, Shen B, Li J, Xu J, Jiang S. Serological 

investigation of subclinical influenza A(H7H9) infection 

among healthcare and non-healthcare workers in Zhejiang 

Province, China. Clin Infect Dis. 2013;57(6):919-21. 

Yamaguchi E, Sashika M, Fujii K, Kobayashi K, Bui VN, 

Ogawa H, Imai K. Prevalence of multiple subtypes of 

influenza A virus in Japanese wild raccoons. Virus Res. 

2014;189:8-13. 

Yang P, Pang X, Deng Y, Ma C, Zhang D, Sun Y et al. 

Surveillance for avian influenza A(H7N9), Beijing, China, 

2013. Emerg Infect Dis. 2013;19(12):2041-3. 

Yang ZF, Mok CK, Peiris JS, Zhong NS. Human infection with a 

novel avian influenza A(H5N6) virus. N Engl J Med. 

2015;373(5):487-9. 

Yin Y, Liu Y, Fen J, Liu K, Qin T, Chen S, Peng D, Liu X. 

Characterization of an H7N9 influenza virus isolated from 

camels in Inner Mongolia, China. Microbiol Spectr. 

2023;11(2):e0179822. 

Yingst SL, Saad MD, Felt SA. Qinghai-like H5N1 from domestic 

cats, northern Iraq. Emerg Infect Dis. 2006;12(8):1295-7. 

Ypma RJ, Jonges M, Bataille A, Stegeman A, Koch G, van 

Boven M, Koopmans M, van Ballegooijen WM, Wallinga J. 

Genetic data provide evidence for wind-mediated 

transmission of highly pathogenic avian influenza. J Infect 

Dis. 2013;207(5):730-5. 

http://www.cfsph.iastate.edu/
https://www.who.int/docs/default-source/wpro---documents/emergency/surveillance/avian-influenza/ai_20220218.pdf
https://www.who.int/docs/default-source/wpro---documents/emergency/surveillance/avian-influenza/ai_20220218.pdf
https://www.who.int/docs/default-source/wpro---documents/emergency/surveillance/avian-influenza/ai_20220218.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.03.04_AI.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.03.04_AI.pdf


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 26 of 41 

Yu D, Xiang G, Zhu W, Lei X, Li B, e al. The re-emergence of 

highly pathogenic avian influenza H7N9 viruses in humans 

in mainland China, 2019. Euro Surveill. 

2019;24(21):1900273. 

Yu H, Cowling BJ, Feng L, Lau EH, Liao Q, Tsang TK et al. Human 

infection with avian influenza A H7N9 virus: an assessment of 

clinical severity. Lancet. 2013;382(9887):138-45. 

Yu Z, Cheng K, Sun W, Xin Y, Cai J, Ma R et al. Lowly 

pathogenic avian influenza (H9N2) infection in plateau pika 

(Ochotona curzoniae), Qinghai Lake, China. Vet Microbiol. 

2014;173(1-2):132-5. 

Yuan Z, Zhu W, Chen Y, Zhou P, Cao Z, Xie J, Zhang C, Ke C, 

Qi W, Su S, Zhang G. Serological surveillance of H5 and H9 

avian influenza A viral infections among pigs in southern 

China. Microb Pathog. 2013;64:39-42. 

Zhan GJ, Ling ZS, Zhu YL, Jiang SJ, Xie ZJ. Genetic 

characterization of a novel influenza A virus H5N2 isolated 

from a dog in China. Vet Microbiol. 2012;155(2-4):409-16. 

Zhang C, Xuan Y, Shan H, Yang H, Wang J, Wang K, Li G, 

Qiao J. Avian influenza virus H9N2 infections in farmed 

minks. Virol J. 2015;12(1):180. 

Zhang G, Kong W, Qi W, Long LP, Cao Z, Huang L, Qi H, Cao 

N, Wang W, Zhao F, Ning Z, Liao M, Wan XF. 

Identification of an H6N6 swine influenza virus in southern 

China. Infect Genet Evol. 2011;11(5):1174-7. 

Zhang J, Geng X, Ma Y, Ruan S, Xu S, Liu L, Xu H, Yang G, 

Wang C, Liu C, Han X, Yu Q, Cheng H, Li Z. Fatal avian 

influenza (H5N1) infection in human, China. Emerg Infect 

Dis. 2010;16(11):1799-801. 

Zhang J, Ye H, Li H, Ma K, Qiu W, Chen Y, Qiu Z, Li B, Jia W, 

Liang Z, Liao M, Qi W. Evolution and antigenic drift of 

influenza A (H7N9) viruses, China, 2017-2019. Emerg Infect 

Dis. 2020;26(8):1906-11.  

Zhang K, Zhang Z, Yu Z, Li L, Cheng K, Wang T, Huang G, 

Yang S, Zhao Y, Feng N, Fu J, Qin C, Gao Y, Xia X. 

Domestic cats and dogs are susceptible to H9N2 avian 

influenza virus. Virus Res. 2013;175(1):52-7. 

Zhang W, Wan J, Qian K, Liu X, Xiao Z, Sun J et al. Clinical 

characteristics of human infection with a novel avian-origin 

influenza A(H10N8) virus. Chin Med J (Engl). 

2014;127(18):3238-42. 

Zhao G, Gu X, Lu X, Pan J, Duan Z, Zhao K et al. Novel 

reassortant highly pathogenic H5N2 avian influenza viruses 

in poultry in China. PLoS One. 2012;7(9):e46183. 

Zhao K, Gu M, Zhong L, Duan Z, Zhang Y, Zhu Y, Zhao G, 

Zhao M, Chen Z, Hu S, Liu W, Liu X, Peng D, Liu X. 

Characterization of three H5N5 and one H5N8 highly 

pathogenic avian influenza viruses in China. Vet Microbiol. 

2013;163(3-4):351-7. 

Zhao S, Schuurman N, Tieke M, Quist B, Zwinkels S, van 

Kuppeveld FJM, de Haan CAM, Egberink H. Serological 

screening of influenza A virus antibodies in cats and dogs 

indicates frequent infection with different subtypes. J Clin 

Microbiol. 2020;58(11):e01689-20. 

Zhou H, He SY, Sun L, He H, Ji F, Sun Y, Jia K, Ning Z, Wang 

H, Yuan L, Zhou P, Zhang G, Li S. Serological evidence of 

avian influenza virus and canine influenza virus infections 

among stray cats in live poultry markets, China. Vet 

Microbiol. 2015;175(2-4):369-73. 

Zhou J, Sun W, Wang J, Guo J, Yin W, Wu N, Li L, Yan Y, Liao 

M, Huang Y, Luo K, Jiang X, Chen H. Characterization of 

the H5N1 highly pathogenic avian influenza virus derived 

from wild pikas in China. J Virol. 2009;83(17):8957-64. 

Zhou P, Hong M, Merrill MM, He H, Sun L, Zhang G. 

Serological report of influenza A (H7N9) infections among 

pigs in southern China. BMC Vet Res. 2014;10(1):203. 

Zhou P, Zhu W, Gu H, Fu X, Wang L, Zheng Y, He S, Ke C, 

Wang H, Yuan Z, Ning Z, Qi W, Li S, Zhang G. Avian 

influenza H9N2 seroprevalence among swine farm residents 

in China. J Med Virol. 2014;86(4):597-600. 

Zohari S, Neimanis A, Harkonen T, Moraeus C, Valarcher JF. 

Avian influenza A(H10N7) virus involvement in mass 

mortality of harbour seals (Phoca vitulina) in Sweden, March 

through October 2014. Euro Surveill. 2014;19(46). 

Swine Influenza 

Adeola OA, Adeniji JA. Prevalence of antibodies to influenza 

viruses among handlers of live pigs at three locations in 

Ibadan, Nigeria. Vet Ital. 2010;46(2):147-53. 

Adiego Sancho B, Omenaca TM, Martinez CS, Rodrigo VP, 

Sanchez VP, Casas I, Pozo F, Perez BP. Human case of 

swine influenza A (H1N1), Aragon, Spain, November 2008. 

Euro Surveill. 2009;14(7):19120. 

Anderson TK, Nelson MI, Kitikoon P, Swenson SL, Korslund 

JA, Vincent AL. Population dynamics of cocirculating swine 

influenza A viruses in the United States from 2009 to 2012. 

Influenza Other Respir Viruses. 2013;7 Suppl 4:42-51. 

Ayora-Talavera G, Cadavieco-Burgos JM, Canul-Armas AB. 

Serologic evidence of human and swine influenza in Mayan 

persons. Emerg Infect Dis. 2005;11(1):158-61. 

Baranovich T, Bahl J, Marathe BM, Culhane M, Stigger-Rosser 

E, Darnell D, Kaplan BS, Lowe JF, Webby RJ, Govorkova 

EA. Influenza A viruses of swine circulating in the United 

States during 2009-2014 are susceptible to neuraminidase 

inhibitors but show lineage-dependent resistance to 

adamantanes. Antiviral Res. 2015;117:10-9. 

Bauer K, Durrwald R, Schlegel M, Pfarr K, Topf D, Wiesener N, 

Dahse HM, Wutzler P, Schmidtke M. Neuraminidase 

inhibitor susceptibility of swine influenza A viruses isolated 

in Germany between 1981 and 2008. Med Microbiol 

Immunol. 2012;201(1):61-72. 

Bastien N, Antonishyn NA, Brandt K, Wong CE, Chokani K, 

Vegh N, Horsman GB, Tyler S, Graham MR, Plummer FA, 

Levett PN, Li Y. Human infection with a triple-reassortant 

swine influenza A(H1N1) virus containing the hemagglutinin 

and neuraminidase genes of seasonal influenza virus. J Infect 

Dis. 2010;201(8):1178-82. 

Bi Y, Fu G, Chen J, Peng J, Sun Y, Wang J, Pu J, Zhang Y, Gao 

H, Ma G, Tian F, Brown IH, Liu J. Novel swine influenza 

virus reassortants in pigs, China. Emerg Infect Dis. 

2010;16(7):1162-4. 

Brown IH. History and epidemiology of swine influenza in 

Europe. Curr Top Microbiol Immunol. 2013;370:133-46. 

Brown IH. The epidemiology and evolution of influenza viruses 

in pigs. Vet Microbiol. 2000;74 (1-2):29-46. 

Butterfield WK, Campbell CH, Webster RG, Shortridge KF. 

Identification of a swine influenza virus (Hsw1N1) isolated 

from a duck in Hong Kong. J Infect Dis. 1978;5(138):686-39.  

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 27 of 41 

Cappuccio JA, Pena L, Dibarbora M, Rimondi A, Pineyro P, 

Insarralde L, Quiroga MA, Machuca M, Craig MI, Olivera 

V, Chockalingam A, Perfumo CJ, Perez DR, Pereda A. 

Outbreak of swine influenza in Argentina reveals a non-

contemporary human H3N2 virus highly transmissible 

among pigs. J Gen Virol. 2011;92(Pt 12):2871-8. 

Centers for Disease Control and Prevention [CDC]. Evaluation of 

rapid influenza diagnostic tests for influenza A (H3N2)v 

virus and updated case count--United States, 2012. MMWR 

Morb Mortal Wkly Rep. 2012;61(32):619-21. 

Chen J, Ma J, White SK, Cao Z, Zhen Y, He S, Zhu W, Ke C, 

Zhang Y, Su S, Zhang G. Live poultry market workers are 

susceptible to both avian and swine influenza viruses, 

Guangdong Province, China. Vet Microbiol. 2015;181(3-

4):230-5. 

Choi YK, Pascua PN, Song MS. Swine influenza viruses: an 

Asian perspective. Curr Top Microbiol Immunol. 

2013;370:147-72. 

Corzo CA, Culhane M, Dee S, Morrison RB, Torremorell M. 

Airborne detection and quantification of swine influenza A 

virus in air samples collected inside, outside and downwind 

from swine barns. PLoS One. 2013;8(8):e71444. 

Dacso CC, Couch RB, Six HR, Young JF, Quarles JM, Kasel JA. 

Sporadic occurrence of zoonotic swine influenza virus 

infections. J Clin Microbiol. 1984;20(4):833-5. 

Dawood FS, Dong L, Liu F, Blau DM, Peebles PJ, Lu X et al. A 

pre-pandemic outbreak of triple-reassortant swine influenza 

virus infection among university students, South Dakota, 

2008. J Infect Dis. 2011;204(8):1165-71. 

Dee SA. Swine influenza. In: Kahn CM, Line S, Aiello SE, 

editors. The Merck veterinary manual [online]. White-house 

Station, NJ: Merck and Co; 2015.Available at: 

http://www.merckmanuals.com/mvm/respiratory_system/res

piratory_diseases_of_pigs/swine_influenza.html.* Accessed 

12 Feb 2016. 

Detmer S, Gramer M, Goyal S, Torremorell M, Torrison J. 

Diagnostics and surveillance for swine influenza. Curr Top 

Microbiol Immunol. 2013;370:85-112. 

Ducatez MF, Hause B, Stigger-Rosser E, Darnell D, Corzo C, 

Juleen K et al. Multiple reassortment between pandemic 

(H1N1) 2009 and endemic influenza viruses in pigs, United 

States. Emerg Infect Dis. 2011;17(9):1624-9. 

Epperson S, Jhung M, Richards S, Quinlisk P, Ball L, Moll M et 

al. Human infections with influenza A(H3N2) variant virus 

in the United States, 2011-2012. Clin Infect Dis. 2013;57 

Suppl 1:S4-S11. 

Feng Z, Baroch JA, Long LP, Xu Y, Cunningham FL, Pedersen K, 

Lutman MW, Schmit BS, Bowman AS, DeLiberto TJ, Wan 

XF. Influenza A subtype H3 viruses in feral swine, United 

States, 2011-2012. Emerg Infect Dis. 2014;20(5):843-6. 

Finelli L, Swerdlow DL. The emergence of influenza A (H3N2)v 

virus: What we learned from the first wave. Clin Infect Dis. 

2013;57 Suppl 1:S1-S3. 

Freidl GS, Meijer A, de BE, DE NM, Munoz O, Capua I et al. 

Influenza at the animal-human interface: a review of the 

literature for virological evidence of human infection with 

swine or avian influenza viruses other than A(H5N1). Euro 

Surveill. 2014;19(18):20793. 

Gagnon CA, Spearman G, Hamel A, Godson DL, Fortin A, 

Fontaine G, Tremblay D. Characterization of a Canadian 

mink H3N2 influenza A virus isolate genetically related to 

triple reassortant swine influenza virus. J Clin Microbiol. 

2009;47(3):796-9. 

Gerloff NA, Kremer JR, Charpentier E, Sausy A, Olinger CM, 

Weicherding P, Schuh J, Van Reeth K, Muller CP. Swine 

influenza virus antibodies in humans, western Europe, 2009. 

Emerg Infect Dis. 2011;17(3):403-11. 

Gray GC, McCarthy T, Capuano AW, Setterquist SF, Alavanja 

MC, Lynch CF. Evidence for avian influenza A infections 

among Iowa's agricultural workers. Influenza Other Respir 

Viruses. 2008;2(2):61-9. 

Gray GC, McCarthy T, Capuano AW, Setterquist SF, Olsen CW, 

Alavanja MC. Swine workers and swine influenza virus 

infections. Emerg Infect Dis. 2007;13(12):1871-8. 

Guan Y, Shortridge KF, Krauss S, Li PH, Kawaoka Y, Webster 

RG. Emergence of avian H1N1 influenza viruses in pigs in 

China. J Virol. 1996;70(11):8041-6. 

Jhung MA, Epperson S, Biggerstaff M, Allen D, Balish A, 

Barnes N et al. Outbreak of variant influenza A(H3N2) virus 

in the United States. Clin Infect Dis. 2013;57(12):1703-12. 

Kanegae Y, Sugita S, Shortridge KF, Yoshioka Y, Nerome K. 

Origin and evolutionary pathways of the H1 hemagglutinin 

gene of avian, swine and human influenza viruses: 

cocirculation of two distinct lineages of swine virus. Arch 

Virol. 1994;134(1-2):17-28. 

Karasin AI, Carman S, Olsen CW. Identification of human H1N2 

and human-swine reassortant H1N2 and H1N1 influenza A 

viruses among pigs in Ontario, Canada (2003 to 2005). J Clin 

Microbiol. 2006;44(3):1123-6. 

Karasin AI, Schutten MM, Cooper LA, Smith CB, Subbarao K, 

Anderson GA, Carman S, Olsen CW. Genetic characterization 

of H3N2 influenza viruses isolated from pigs in North 

America, 1977-1999: evidence for wholly human and 

reassortant virus genotypes. Virus Res. 2000;68(1):71-85. 

Killian ML, Zhang Y, Panigrahy B, Trampel D, Yoon KJ. 

Identification and characterization of H2N3 avian influenza 

virus from backyard poultry and comparison with novel 

H2N3 swine influenza virus. Avian Dis. 2011;55(4):611-9. 

Kiss I, Balint A, Metreveli G, Emmoth E, Widen F, Belak S, 

Wallgren P. Swine influenza viruses isolated in 1983, 2002 

and 2009 in Sweden exemplify different lineages. Acta Vet 

Scand. 2010;52:65. 

Krueger WS, Gray GC. Swine influenza virus infections in man. 

Curr Top Microbiol Immunol. 2013;370(201):225. 

Krumbholz A, Lange J, Durrwald R, Hoyer H, Bengsch S, 

Wutzler P, Zell R. Prevalence of antibodies to swine 

influenza viruses in humans with occupational exposure to 

pigs, Thuringia, Germany, 2008-2009. J Med Virol. 

2010;82(9):1617-25. 

Krumbholz A, Lange J, Durrwald R, Walther M, Muller TH, 

Kuhnel D, Wutzler P, Sauerbrei A, Zell R. Prevalence of 

antibodies to European porcine influenza viruses in humans 

living in high pig density areas of Germany. Med Microbiol 

Immunol. 2014;203(1):13-24. 

Krumbholz A, Lange J, Sauerbrei A, Groth M, Platzer M, Kanrai 

P, Pleschka S, Scholtissek C, Buttner M, Durrwald R, Zell R. 

The origin of the European avian-like swine influenza 

viruses. J Gen Virol. 2014;95(Pt 11):2372-6. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 28 of 41 

Kyriakis CS, Brown IH, Foni E, Kuntz-Simon G, Maldonado J, 

Madec F, Essen SC, Chiapponi C, Van Reeth K. Virological 

surveillance and preliminary antigenic characterization of 

influenza viruses in pigs in five European countries from 

2006 to 2008. Zoonoses Public Health. 2011;58(2):93-101. 

Lange J, Groth M, Kanrai P, Pleschka S, Scholtissek C, 

Durrwald R, Platzer M, Sauerbrei A, Zell R. Circulation of 

classical swine influenza virus in Europe between the wars? 

Arch Virol. 2014;159(6):1467-73. 

Lekcharoensuk P, Lager KM, Vemulapalli R, Woodruff M, 

Vincent AL, Richt JA. Novel swine influenza virus subtype 

H3N1, United States. Emerg Infect Dis. 2006;12(5):787-94. 

Liu Y, Wang J, Ji J, Chang S, Xue C, Ma J, Bi Y, Xie Q. 

Phylogenetic diversity and genotypic complexity of H1N1 

subtype swine influenza viruses isolated in mainland China. 

Virol J. 2012;9:289. 

Lopez JW, Woods GT. Response of calves to exposure with 

swine influenza virus. Am J Vet Res. 1987;48(8):1264-8. 

Lopez JW, Woods GT. Epidemiological study of swine influenza 

virus as a component of the respiratory disease complex of 

feeder calves. Res Commun Chem Pathol Pharmacol. 

1986;51(3):417-20. 

Lopez-Robles G, Montalvo-Corral M, Caire-Juvera G, Ayora-

Talavera G, Hernandez J. Seroprevalence and risk factors for 

swine influenza zoonotic transmission in swine workers from 

northwestern Mexico. Transbound Emerg Dis. 

2012;59(2):183-8. 

Janke BH. Clinicopathological features of swine influenza. Curr 

Top Microbiol Immunol. 2013;370:69-83. 

Ma W, Gramer M, Rossow K, Yoon KJ. Isolation and genetic 

characterization of new reassortant H3N1 swine influenza 

virus from pigs in the midwestern United States. J Virol. 

2006;80(10):5092-6. 

Ma W, Richt JA. Swine influenza vaccines: current status and 

future perspectives. Anim Health Res Rev. 2010;11(1):81-96. 

Ma W, Vincent AL, Gramer MR, Brockwell CB, Lager KM, 

Janke BH, Gauger PC, Patnayak DP, Webby RJ, Richt JA. 

Identification of H2N3 influenza A viruses from swine in the 

United States. Proc Natl Acad Sci U S A. 

2007;104(52):20949-54. 

McQueen JL. Davenport FM. Experimental influenza in sheep. 

Proc Soc Exp Biol Med. 1963;112:1004-6. 

Memoli MJ, Tumpey TM, Jagger BW, Dugan VG, Sheng ZM, 

Qi L, Kash JC, Taubenberger JK. An early 'classical' swine 

H1N1 influenza virus shows similar pathogenicity to the 

1918 pandemic virus in ferrets and mice. Virology. 

2009;393(2):338-45. 

Meseko C, Olaleye D, Capua I, Cattoli G. Swine influenza in 

sub-saharan Africa--current knowledge and emerging 

insights. Zoonoses Public Health. 2014;61(4):229-37. 

Moreno A, Barbieri I, Sozzi E, Luppi A, Lelli D, Lombardi G, 

Zanoni MG, Cordioli P. Novel swine influenza virus subtype 

H3N1 in Italy. Vet Microbiol. 2009;138(3-4):361-7. 

Morens DM, Taubenberger JK. Historical thoughts on influenza 

viral ecosystems, or behold a pale horse, dead dogs, failing 

fowl, and sick swine. Influenza Other Respir Viruses. 

2010;4(6):327-37. 

Myers KP, Olsen CW, Gray GC. Cases of swine influenza in 

humans: a review of the literature. Clin Infect Dis. 

2007;44(8):1084-8. 

Myers KP, Olsen CW, Setterquist SF, Capuano AW, Donham 

KJ, Thacker EL, Merchant JA, Gray GC. Are swine workers 

in the United States at increased risk of infection with 

zoonotic influenza virus? Clin Infect Dis. 2006;42(1):14-20. 

Neira V, Rabinowitz P, Rendahl A, Paccha B, Gibbs SG, 

Torremorell M. Characterization of viral load, viability and 

persistence of influenza A virus in air and on surfaces of 

swine production facilities. PLoS One. 2016;11(1):e0146616. 

Nelson MI, Vincent AL, Kitikoon P, Holmes EC, Gramer MR. 

Evolution of novel reassortant A/H3N2 influenza viruses in 

North American swine and humans, 2009-2011. J Virol. 

2012;86(16):8872-8. 

Nelson MI, Wentworth DE, Culhane MR, Vincent AL, Viboud 

C, LaPointe MP, Lin X, Holmes EC, Detmer SE. 

Introductions and evolution of human-origin seasonal 

influenza A viruses in multinational swine populations. J 

Virol. 2014;88(17):10110-9. 

Nemeth NM, Oesterle PT, Poulson RL, Jones CA, Tompkins 

SM, Brown JD, Stallknecht DE. Experimental infection of 

European starlings (Sturnus vulgaris) and house sparrows 

(Passer domesticus) with pandemic 2009 H1N1 and swine 

H1N1 and H3N2 triple reassortant influenza viruses. J Wildl 

Dis. 2013;49(2):437-40. 

Novel Swine-Origin Influenza A (H1N1) Virus Investigation 

Team, Dawood FS, Jain S, Finelli L, Shaw MW, Lindstrom 

S, Garten RJ, Gubareva LV, Xu X, Bridges CB, Uyeki TM. 

Emergence of a novel swine-origin influenza A (H1N1) virus 

in humans. N Engl J Med. 2009;360(25):2605-15. 

Olsen CW, Brammer L, Easterday BC, Arden N, Belay E, Baker 

I, Cox NJ. Serologic evidence of H1 swine influenza virus 

infection in swine farm residents and employees. Emerg 

Infect Dis. 2002;8(8):814-9. 

Olsen CW, Karasin AI, Carman S, Li Y, Bastien N, Ojkic D, 

Alves D, Charbonneau G, Henning BM, Low DE, Burton L, 

Broukhanski G. Triple reassortant H3N2 influenza A viruses, 

Canada, 2005. Emerg Infect Dis. 2006;12(7):1132-5. 

Patriarca PA, Kendal AP, Zakowski PC, Cox NJ, Trautman MS, 

Cherry JD, Auerbach DM, McCusker J, Belliveau RR, 

Kappus KD. Lack of significant person-to-person spread of 

swine influenza-like virus following fatal infection in an 

immunocompromised child. Am J Epidemiol. 

1984;119(2):152-8. 

Patterson AR, Cooper VL, Yoon KJ, Janke BH, Gauger PC. 

Naturally occurring influenza infection in a ferret (Mustela 

putorius furo) colony. J Vet Diagn Invest. 2009;21(4):527-30. 

Piralla A, Moreno A, Orlandi ME, Percivalle E, Chiapponi C, 

Vezzoli F, Baldanti F. Swine influenza A(H3N2) virus 

infection in immunocompromised man, Italy, 2014. Emerg 

Infect Dis. 2015;21(7):1189-91. 

Qi X, Cui L, Jiao Y, Pan Y, Li X, Zu R, Huo X, Wu B, Tang F, 

Song Y, Zhou M, Wang H, Cardona CJ, Xing Z. Antigenic 

and genetic characterization of a European avian-like H1N1 

swine influenza virus from a boy in China in 2011. Arch 

Virol. 2013;158(1):39-53. 

Qiu Y, Muller CP, Van Reeth K. Lower seroreactivity to 

European than to North American H3N2 swine influenza 

viruses in humans, Luxembourg, 2010. Euro Surveill. 

2015;20(13):25-33. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 29 of 41 

Rimmelzwaan GF, de Jong JC, Bestebroer TM, van Loon AM, 

Claas EC, Fouchier RA, Osterhaus AD. Antigenic and 

genetic characterization of swine influenza A (H1N1) viruses 

isolated from pneumonia patients in The Netherlands. 

Virology. 2001;282(2):301-6.  

Robinson JL, Lee BE, Patel J, Bastien N, Grimsrud K, Seal RF, 

King R, Marshall F, Li Y. Swine influenza (H3N2) infection 

in a child and possible community transmission, Canada. 

Emerg Infect Dis. 2007;13(12):1865-70. 

Romvary J, Takatsy Gy, Barb K, Farkas E. Isolation of influenza 

virus strains from animals. Nature. 1962;193:907. 

Rose N, Herve S, Eveno E, Barbier N, Eono F, Dorenlor V, 

Andraud M, Camsusou C, Madec F, Simon G. Dynamics of 

influenza A virus infections in permanently infected pig 

farms: evidence of recurrent infections, circulation of several 

swine influenza viruses and reassortment events. Vet Res. 

2013;44(1):72. 

Rota PA, Rocha EP, Harmon MW, Hinshaw VS, Sheerar MG, 

Kawaoka Y, Cox NJ, Smith TF. Laboratory characterization 

of a swine influenza virus isolated from a fatal case of human 

influenza. J Clin Microbiol. 1989;27(6):1413-6. 

Schaefer R, Rech RR, Gava D, Cantao ME, da Silva MC, 

Silveira S, Zanella JR. A human-like H1N2 influenza virus 

detected during an outbreak of acute respiratory disease in 

swine in Brazil. Arch Virol. 2015;160(1):29-38. 

Schultz-Cherry S, Olsen CW, Easterday BC. History of swine 

influenza. Curr Top Microbiol Immunol. 2013;370:21-8. 

Shin JY, Song MS, Lee EH, Lee YM, Kim SY, Kim HK, Choi 

JK, Kim CJ, Webby RJ, Choi YK. Isolation and 

characterization of novel H3N1 swine influenza viruses from 

pigs with respiratory diseases in Korea. J Clin Microbiol. 

2006;44(11):3923-7. 

Shinde V, Bridges CB, Uyeki TM, Shu B, Balish A, Xu X et al. 

Triple-reassortant swine influenza A (H1) in humans in the 

United States, 2005-2009. N Engl J Med. 

2009;360(25):2616-25. 

Shope RE. Swine influenza: III. Filtration experiments and 

etiology. J Exp Med. 1931;54(3):373-85. 

Shope RE. The etiology of swine influenza. Science. 

1931;73(1886):214-5. 

Shope RE. The incidence of neutralizing antibodies for swine 

influenza virus in the sera of human beings of different ages. 

J Exp Med. 1936;63:669-84. 

Shu B, Garten R, Emery S, Balish A, Cooper L, Sessions W, 

Deyde V, Smith C, Berman L, Klimov A, Lindstrom S, Xu 

X. Genetic analysis and antigenic characterization of swine 

origin influenza viruses isolated from humans in the United 

States, 1990-2010. Virology. 2012;422(1):151-60.  

Simon G, Larsen LE, Durrwald R, Foni E, Harder T, Van Reeth 

K et al. European surveillance network for influenza in pigs: 

surveillance programs, diagnostic tools and swine influenza 

virus subtypes identified in 14 European countries from 2010 

to 2013. PLoS One. 2014;9(12):e115815. 

Simon-Grife M, Martin-Valls GE, Vilar MJ, Busquets N, Mora-

Salvatierra M, Bestebroer TM, Fouchier RA, Martin M, 

Mateu E, Casal J. Swine influenza virus infection dynamics 

in two pig farms; results of a longitudinal assessment. Vet 

Res. 2012;43:24. 

Terebuh P, Olsen CW, Wright J, Klimov A, Karasin A, Todd K, 

Zhou H, Hall H, Xu X, Kniffen T, Madsen D, Garten R, 

Bridges CB. Transmission of influenza A viruses between 

pigs and people, Iowa, 2002-2004. Influenza Other Respir 

Viruses. 2010;4(6):387-96. 

Top FH, Russell PK. Swine influenza A at Fort Dix, New Jersey 

(January-February 1976). IV. Summary and speculation. J 

Infect Dis. 1977;136 Suppl:S376-S380. 

Torremorell M, Allerson M, Corzo C, Diaz A, Gramer M. 

Transmission of influenza A virus in pigs. Transbound 

Emerg Dis. 2012;59 Suppl 1:68-84. 

Tremblay D, Allard V, Doyon JF, Bellehumeur C, Spearman JG, 

Harel J, Gagnon CA. Emergence of a new swine H3N2 and 

pandemic (H1N1) 2009 influenza A virus reassortant in two 

Canadian animal populations, mink and swine. J Clin 

Microbiol. 2011;49(12):4386-90. 

Van Reeth K. Avian and swine influenza viruses: our current 

understanding of the zoonotic risk. Vet Res. 2007;38(2):243-60. 

Van Reeth K, Nicoll A. A human case of swine influenza virus 

infection in Europe--implications for human health and 

research. Euro Surveill. 2009;14(7). 

Vincent AL, Ma W, Lager KM, Janke BH, Richt JA. Swine 

influenza viruses a North American perspective. Adv Virus 

Res. 2008;72:127-54. 

Vijaykrishna D, Smith GJ, Pybus OG, Zhu H, Bhatt S, Poon LL 

et al. Long-term evolution and transmission dynamics of 

swine influenza A virus. Nature. 2011;473(7348):519-22. 

Watson SJ, Langat P, Reid SM, Lam TT, Cotten M, Kelly M et 

al. Molecular epidemiology and evolution of influenza 

viruses circulating within European swine between 2009 and 

2013. J Virol. 2015;89(19):9920-31. 

Wentworth DE, McGregor MW, Macklin MD, Neumann V, 

Hinshaw V. Transmission of swine influenza virus to humans 

after exposure to experimentally infected pigs. J Infect Dis. 

1997;175(1):7-15. 

Wentworth DE, Thompson BL, Xu X, Regnery HL, Cooley AJ, 

McGregor MW, Cox NJ, Hinshaw VS. An influenza A 

(H1N1) virus, closely related to swine influenza virus, 

responsible for a fatal case of human influenza. J Virol. 

1994;68(4):2051-8. 

Woods GT, Schnurrenberger PR, Martin RJ, Tompkins WA. 

Swine influenza virus in swine and man in Illinois. J Occup 

Med. 1981;23(4):263-7. 

World Organization for Animal Health [OIE]. Manual of 

diagnostic tests and vaccines for terrestrial animals [online]. 

Paris;OIE; 2015. Influenza A virus of swine (version adopted 

May 2015). Available at: 

https://www.woah.org/fileadmin/Home/eng/Health_standards/t

ahm/3.09.07_INF_A_SWINE.pdf. Accessed 6 Mar 2022. 

Yang H, Qiao C, Tang X, Chen Y, Xin X, Chen H. Human 

infection from avian-like influenza A (H1N1) viruses in pigs, 

China. Emerg Infect Dis. 2012;18(7):1144-6. 

Yassine HM, Lee CW, Saif YM. Interspecies transmission of 

influenza A viruses between swine and poultry. Curr Top 

Microbiol Immunol. 2013;370:227-40. 

Yu H, Hua RH, Zhang Q, Liu TQ, Liu HL, Li GX, Tong GZ. 

Genetic evolution of swine influenza A (H3N2) viruses in 

China from 1970 to 2006. J Clin Microbiol. 

2008;46(3):1067-75. 

http://www.cfsph.iastate.edu/
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.09.07_INF_A_SWINE.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.09.07_INF_A_SWINE.pdf


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 30 of 41 

Zell R, Scholtissek C, Ludwig S. Genetics, evolution, and the 

zoonotic capacity of European swine influenza viruses. Curr 

Top Microbiol Immunol. 2013;370:29-55. 

Zhou H, Cao Z, Tan L, Fu X, Lu G, Qi W, Ke C, Wang H, Sun 

L, Zhang G. Avian-like A (H1N1) swine influenza virus 

antibodies among swine farm residents and pigs in southern 

China. Jpn J Infect Dis. 2014;67(3):184-90. 

Zhou NN, Senne DA, Landgraf JS, Swenson SL, Erickson G, 

Rossow K, Liu L, Yoon KJ, Krauss S, Webster RG. 

Emergence of H3N2 reassortant influenza A viruses in North 

American pigs. Vet Microbiol. 2000;74(1-2):47-58. 

Zhu H, Webby R, Lam TT, Smith DK, Peiris JS, Guan Y. 

History of swine influenza viruses in Asia. Curr Top 

Microbiol Immunol. 2013;370:57-68. 

Equine Influenza 

Ardans AA. Equine influenza. In: Hirsch DC, Zee YC, editors. 

Veterinary microbiology. Malden, MA: Blackwell Science; 

1999. p. 398-9. 

Berríos P. [Equine influenza in Chile (1963-1992): a possible 

human case]. Rev Chilena Infectol. 2005;22(1):47-50. 

Bryant NA, Rash AS, Russell CA, Ross J, Cooke A, Bowman S 

et al. Antigenic and genetic variations in European and North 

American equine influenza virus strains (H3N8) isolated 

from 2006 to 2007. Vet Microbiol. 2009;138(1-2):41-52. 

Bryant NA, Rash AS, Woodward AL, Medcalf E, Helwegen M, 

Wohlfender F, Cruz F, Herrmann C, Borchers K, Tiwari A, 

Chambers TM, Newton JR, Mumford JA, Elton DM. 

Isolation and characterisation of equine influenza viruses 

(H3N8) from Europe and North America from 2008 to 2009. 

Vet Microbiol. 2011;147(1-2):19-27. 

Chambers TM. Equine influenza. Cold Spring Harb Perspect 

Med. 2020 Mar 9:a038331.  

Chambers TM, Reedy SE. Equine influenza diagnosis: sample 

collection and transport. Methods Mol Biol. 2020;2123:361-7.  

Chambers TM, Reedy SE. Equine influenza serological methods. 

Methods Mol Biol. 2020;2123:401-12.  

Crispe E, Finlaison DS, Hurt AC, Kirkland PD. Infection of dogs 

with equine influenza virus: evidence for transmission from 

horses during the Australian outbreak. Aust Vet J. 2011;89 

Suppl 1:27-8. 

Cullinane A, Elton D, Mumford J. Equine influenza - 

surveillance and control. Influenza Other Respir Viruses. 

2010;4(6):339-44. 

Daly JM, Blunden AS, Macrae S, Miller J, Bowman SJ, 

Kolodziejek J, Nowotny N, Smith KC. Transmission of 

equine influenza virus to English foxhounds. Emerg Infect 

Dis. 2008;14(3):461-4. 

Daly JM, Cullinane. Influenza infections [online]. In: Lekeux P, 

editor. Equine respiratory diseases. Ithaca NY: International 

Veterinary Information Service 189; 2013. Available at: 

http://www.ivis.org/special_books/Lekeux/daly/chapter.asp?

LA=1.* Accessed 16 June 2014 

Daly JM, Macrae S, Newton JR, Wattrang E, Elton DM. Equine 

influenza: a review of an unpredictable virus. Vet J. 

2011;189(1):7-14. 

Elton D, Bryant N. Facing the threat of equine influenza. Equine 

Vet J. 2011;43(3):250-8. 

Gibbs EP, Anderson TC. Equine and canine influenza: a review 

of current events. Anim Health Res Rev. 2010;11(1):43-51. 

Gilkerson JR. Equine influenza in Australia: a clinical overview. 

Aust Vet J. 2011;89 Suppl 1:11-3. 

Kirkland PD, Finlaison DS, Crispe E, Hurt AC. Influenza virus 

transmission from horses to dogs, Australia. Emerg Infect 

Dis. 2010;16(4):699-702. 

Landolt GA. Equine influenza virus. Vet Clin North Am Equine 

Pract. 2014;30(3):507-22. 

Lewis NS, Daly JM, Russell CA, Horton DL, Skepner E, Bryant 

NA, Burke DF, Rash AS, Wood JL, Chambers TM, Fouchier 

RA, Mumford JA, Elton DM, Smith DJ. Antigenic and 

genetic evolution of equine influenza A (H3N8) virus from 

1968 to 2007. J Virol. 2011;85(23):12742-9. 

Lin C, Holland RE, Jr., McCoy MH, Donofrio-Newman J, 

Vickers ML, Chambers TM. Infectivity of equine H3N8 

influenza virus in bovine cells and calves. Influenza Other 

Respir Viruses. 2010;4(6):357-61. 

Mancini DA, Mendonca RM, Pereira AS, Kawamoto AH, 

Vannucchi CI, Pinto JR, Mori E, Mancini FJ. Influenza 

viruses in adult dogs raised in rural and urban areas in the 

state of Sao Paulo, Brazil. Rev Inst Med Trop Sao Paulo. 

2012;54(6):311-4. 

Marois P, Boudreault A, DiFranco E, Pavilanis V. Response of 

ferrets and monkeys to intranasal infection with human, 

equine and avian influenza viruses. Can J Comp Med. 

1971;35(1):71-6. 

Martella V, Elia G, Decaro N, Di TL, Lorusso E, Campolo M, 

Desario C, Parisi A, Cavaliere N, Buonavoglia C. An 

outbreak of equine influenza virus in vaccinated horses in 

Italy is due to an H3N8 strain closely related to recent North 

American representatives of the Florida sub-lineage. Vet 

Microbiol. 2007;121(1-2):56-63. 

Moloney BJ. Overview of the epidemiology of equine influenza 

in the Australian outbreak. Aust Vet J. 2011;89 Suppl 1:50-6. 

Newton R, Cooke A, Elton D, Bryant N, Rash A, Bowman S, 

Blunden T, Miller J, Hammond TA, Camm I, Day M. Canine 

influenza virus: cross-species transmission from horses. Vet 

Rec. 2007;161(4):142-3. 

Patterson-Kane JC, Carrick JB, Axon JE, Wilkie I, Begg AP. The 

pathology of bronchointerstitial pneumonia in young foals 

associated with the first outbreak of equine influenza in 

Australia. Equine Vet J. 2008;40(3):199-203. 

Pecoraro HL, Bennett S, Garretson K, Quintana AM, Lunn KF, 

Landolt GA. Comparison of the infectivity and transmission 

of contemporary canine and equine H3N8 influenza viruses 

in dogs. Vet Med Int. 2013;2013:874521. 

Rooney, JR. Equine pathology. Ames, IA: Iowa State University 

Press; 1996. Influenza; p. 36-8..  

Solorzano A, Foni E, Cordoba L, Baratelli M, Razzuoli E, Bilato 

D et al. Cross-species infectivity of H3N8 influenza virus in 

an experimental infection in swine. J Virol. 

2015;89(22):11190-202. 

Su S, Wang L, Fu X, He S, Hong M, Zhou P, Lai A, Gray G, Li 

S. Equine influenza A(H3N8) virus infection in cats. Emerg 

Infect Dis. 2014;20(12):2096-9.  

Tu J, Zhou H, Jiang T, Li C, Zhang A, Guo X, Zou W, Chen H, 

Jin M. Isolation and molecular characterization of equine 

H3N8 influenza viruses from pigs in China. Arch Virol. 

2009;154(5):887-90. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 31 of 41 

World Organization for Animal Health [OIE]. Manual of 

diagnostic tests and vaccines for terrestrial animals [online]. 

Paris: OIE; 2018. Equine influenza. Available at: 

https://www.oie.int/fileadmin/Home/eng/Health_standards/ta

hm/3.06.07_EQ_INF.pdf. Accessed 15 Jan 2022.  

Xie T, Anderson BD, Daramragchaa U, Chuluunbaatar M, Gray 

GC. A review of evidence that equine influenza viruses are 

zoonotic. pathogens. Pathogens. 2016; 5(3):50.  

Yadav MP, Uppal PK, Mumford JA. Physico-chemical and 

biological characterization of A/Equi-2 virus isolated from 

1987 equine influenza epidemic in India. Int J Anim Sci. 

1993;8:93-8.  

Yamanaka T, Tsujimura K, Kondo T, Hobo S, Matsumura T. 

Efficacy of oseltamivir phosphate to horses inoculated with 

equine influenza A virus. J Vet Med Sci. 2006;68(9):923-8. 

Yamanaka T, Nemoto M, Tsujimura K, Kondo T, Matsumura T. 

Interspecies transmission of equine influenza virus (H3N8) to 

dogs by close contact with experimentally infected horses. 

Vet Microbiol. 2009;139(3-4):351-5. 

Yondon M, Zayat B, Nelson MI, Heil GL, Anderson BD, Lin X, 

Halpin RA, McKenzie PP, White SK, Wentworth DE, Gray 

GC. Equine influenza A(H3N8) virus isolated from Bactrian 

camel, Mongolia. Emerg Infect Dis. 2014;20(12):2144-7. 

Canine Influenza 

Anderson TC, Bromfield CR, Crawford PC, Dodds WJ, Gibbs 

EP, Hernandez JA. Serological evidence of H3N8 canine 

influenza-like virus circulation in USA dogs prior to 2004. 

Vet J. 2012;191(3):312-6. 

Castleman WL, Powe JR, Crawford PC, Gibbs EP, Dubovi EJ, 

Donis RO, Hanshaw D. Canine H3N8 influenza virus 

infection in dogs and mice. Vet Pathol. 2010;47(3):507-17. 

Chen Y, Mo YN, Zhou HB, Wei ZZ, Wang GJ, Yu QX, Xiao X, 

Yang WJ, Huang WJ. Emergence of human-like H3N2 

influenza viruses in pet dogs in Guangxi, China. Virol J. 

2015;12:10. 

Crawford PC, Dubovi EJ, Castleman WL, Stephenson I, Gibbs 

EP, Chen L et al. Transmission of equine influenza virus to 

dogs. Science. 2005;310(5747):482-5. 

Deshpande M, Abdelmagid O, Tubbs A, Jayappa H, Wasmoen T. 

Experimental reproduction of canine influenza virus H3N8 

infection in young puppies. Vet Ther. 2009;10(1-2):29-39. 

Dubovi EJ, Njaa BL. Canine influenza. Vet Clin North Am 

Small Anim Pract. 2008;38(4):827-35, viii. 

Dubovi EJ. Canine influenza. Vet Clin North Am Small Anim 

Pract. 2010;40(6):1063-71. 

Gibbs EP, Anderson TC. Equine and canine influenza: a review 

of current events. Anim Health Res Rev. 2010;11(1):43-51. 

Jang H, Jackson YK, Daniels JB, Ali A, Kang KI, Elaish M, Lee 

CW. Seroprevalence of three influenza A viruses (H1N1, 

H3N2, and H3N8) in pet dogs presented to a veterinary 

hospital in Ohio. Vet Sci. 2017;18(S1):291-8.  

Jeoung HY, Lim SI, Shin BH, Lim JA, Song JY, Song DS, Kang 

BK, Moon HJ, An DJ. A novel canine influenza H3N2 virus 

isolated from cats in an animal shelter. Vet Microbiol. 

2013;165(3-4):281-6. 

Jeoung HY, Shin BH, Lee WH, Song DS, Choi YK, Jeong W, 

Song JY, An DJ. Seroprevalence of subtype H3 influenza A 

virus in South Korean cats. J Feline Med Surg. 

2012;14(10):746-50. 

Jirjis FF, Deshpande MS, Tubbs AL, Jayappa H, Lakshmanan N, 

Wasmoen TL. Transmission of canine influenza virus 

(H3N8) among susceptible dogs. Vet Microbiol. 2010;144(3-

4):303-9. 

Jung K, Lee CS, Kang BK, Park BK, Oh JS, Song DS. Pathology 

in dogs with experimental canine H3N2 influenza virus 

infection. Res Vet Sci. 2010;88(3):523-7. 

Kang YM, Kim HM, Ku KB, Park EH, Yum J, Seo SH. H3N2 

canine influenza virus causes severe morbidity in dogs with 

induction of genes related to inflammation and apoptosis. Vet 

Res. 2013;44:92. 

Kim H, Song D, Moon H, Yeom M, Park S, Hong M, Na W, 

Webby RJ, Webster RG, Park B, Kim JK, Kang B. Inter- and 

intraspecies transmission of canine influenza virus (H3N2) in 

dogs, cats, and ferrets. Influenza Other Respir Viruses. 

2013;7(3):265-70. 

Lee E, Kim EJ, Kim BH, Song JY, Cho IS, Shin YK. Molecular 

analyses of H3N2 canine influenza viruses isolated from 

Korea during 2013-2014. Virus Genes. 2016;52(2):204-17. 

Lee IH, Le TB, Kim HS, Seo SH. Isolation of a novel H3N2 

influenza virus containing a gene of H9N2 avian influenza in a 

dog in South Korea in 2015. Virus Genes. 2016;52(1):142-5. 

Lee YN, Lee DH, Park JK, Yuk SS, Kwon JH, Nahm SS, Lee 

JB, Park SY, Choi IS, Song CS. Experimental infection and 

natural contact exposure of ferrets with canine influenza 

virus (H3N2). J Gen Virol. 2013;94(Pt 9):2140. 

Lee YN, Lee DH, Lee HJ, Park JK, Yuk SS, Sung HJ, Park HM, 

Lee JB, Park SY, Choi IS, Song CS. Evidence of H3N2 

canine influenza virus infection before 2007. Vet Rec. 

2012;171(19):477.  

Lei N, Yuan ZG, Huang SF, Zhang DW, Zhang AG, Huang BH, 

Zhang GH, Li SJ. Transmission of avian-origin canine 

influenza viruses A (H3N2) in cats. Vet Microbiol. 

2012;160(3-4):481-3. 

Li S, Shi Z, Jiao P, Zhang G, Zhong Z, Tian W, Long LP, Cai Z, 

Zhu X, Liao M, Wan XF. Avian-origin H3N2 canine 

influenza A viruses in southern China. Infect Genet Evol. 

2010;10(8):1286-8.  

Lyoo KS, Kim JK, Kang B, Moon H, Kim J, Song M, Park B, 

Kim SH, Webster RG, Song D. Comparative analysis of 

virulence of a novel, avian-origin H3N2 canine influenza 

virus in various host species. Virus Res. 2015;195:135-40. 

McKinley ET, Spackman E, Pantin-Jackwood MJ. The 

pathogenesis of H3N8 canine influenza virus in chickens, 

turkeys and ducks. Influenza Other Respir Viruses. 

2010;4(6):353-6. 

McManus CM, Levy JK, Andersen LA, McGorray SP, 

Leutenegger CM, Gray LK, Hilligas J, Tucker SJ. Prevalence 

of upper respiratory pathogens in four management models 

for unowned cats in the Southeast United States. Vet J. 

2014;201(2):196-201. 

Oluwayelu DO, Bankole O, Ajagbe O, Adebiyi AI, Abiola JO, 

Otuh P, Omobowale OT. Serological survey for emerging 

canine H3N8 and H3N2 influenza viruses in petand village 

dogs in Nigeria. Afr J Med Med Sci. 2014;43 Suppl:111-5.  

Payungporn S, Crawford PC, Kouo TS, Chen LM, Pompey J, 

Castleman WL, Dubovi EJ, Katz JM, Donis RO. Influenza A 

virus (H3N8) in dogs with respiratory disease, Florida. 

Emerg Infect Dis. 2008;14(6):902-8. 

http://www.cfsph.iastate.edu/
https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.06.07_EQ_INF.pdf
https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.06.07_EQ_INF.pdf


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 32 of 41 

Pecoraro HL, Bennett S, Garretson K, Quintana AM, Lunn KF, 

Landolt GA. Comparison of the infectivity and transmission 

of contemporary canine and equine H3N8 influenza viruses 

in dogs. Vet Med Int. 2013;2013:874521. 

Pecoraro HL, Bennett S, Huyvaert KP, Spindel ME, Landolt GA. 

Epidemiology and ecology of H3N8 canine influenza viruses 

in US shelter dogs. J Vet Intern Med. 2014;28(2):311-8. 

Pecoraro HL, Spindel ME, Bennett S, Lunn KF, Landolt GA. 

Evaluation of virus isolation, one-step real-time reverse 

transcription polymerase chain reaction assay, and two rapid 

influenza diagnostic tests for detecting canine influenza A 

virus H3N8 shedding in dogs. J Vet Diagn Invest. 

2013;25(3):402-6. 

Pratelli A, Colao V. A population prevalence study on influenza 

infection in dogs in southern Italy. New Microbiol. 

2014;37(3):277-83. 

Quintana AM, Hussey SB, Burr EC, Pecoraro HL, Annis KM, 

Rao S, Landolt GA. Evaluation of infectivity of a canine 

lineage H3N8 influenza A virus in ponies and in primary 

equine respiratory epithelial cells. Am J Vet Res. 

2011;72(8):1071-8. 

Song D, Kang B, Lee C, Jung K, Ha G, Kang D, Park S, Park B, 

Oh J. Transmission of avian influenza virus (H3N2) to dogs. 

Emerg Infect Dis. 2008;14(5):741-6. 

Song D, Lee C, Kang B, Jung K, Oh T, Kim H, Park B, Oh J. 

Experimental infection of dogs with avian-origin canine 

influenza A virus (H3N2). Emerg Infect Dis. 2009;15(1):56-8. 

Song DS, An DJ, Moon HJ, Yeom MJ, Jeong HY, Jeong WS et 

al. Interspecies transmission of the canine influenza H3N2 

virus to domestic cats in South Korea, 2010. J Gen Virol. 

2011;92(Pt 10):2350-5. 

Su S, Li HT, Zhao FR, Chen JD, Xie JX, Chen ZM, Huang Z, Hu 

YM, Zhang MZ, Tan LK, Zhang GH, Li SJ. Avian-origin 

H3N2 canine influenza virus circulating in farmed dogs in 

Guangdong, China. Infect Genet Evol. 2013;14:444-9.  

Su W, Kinoshita R, Gray J, Ji Y, Yu D, Peiris JSM, Yen HL. 

Seroprevalence of dogs in Hong Kong to human and canine 

influenza viruses. Vet Rec Open. 2019;6(1):e000327.  

Sun Y, Shen Y, Zhang X, Wang Q, Liu L, Han X, Jiang B, Wang 

R, Sun H, Pu J, Lin D, Xia Z, Liu J. A serological survey of 

canine H3N2, pandemic H1N1/09 and human seasonal H3N2 

influenza viruses in dogs in China. Vet Microbiol. 

2014;168(1):193-6. 

Teng Q, Zhang X, Xu D, Zhou J, Dai X, Chen Z, Li Z. 

Characterization of an H3N2 canine influenza virus isolated 

from Tibetan mastiffs in China. Vet Microbiol. 2013;162(2-

4):345-52. 

Wasik BR, Voorhees IEH, Parrish CR. Canine and feline 

influenza. Cold Spring Harb Perspect Med. 

2021;11(1):a038562. 

Yamanaka T, Nemoto M, Bannai H, Tsujimura K, Kondo T, 

Matsumura T, Muranaka M, Ueno T, Kinoshita Y, Niwa H, 

Hidari KI, Suzuki T. No evidence of horizontal infection in 

horses kept in close contact with dogs experimentally 

infected with canine influenza A virus (H3N8). Acta Vet 

Scand. 2012;54:25. 

Yamanaka T, Tsujimura K, Kondo T, Matsumura T, Ishida H, 

Kiso M, Hidari KI, Suzuki T. Infectivity and pathogenicity of 

canine H3N8 influenza A virus in horses. Influenza Other 

Respir Viruses. 2010;4(6):345-51. 

Yoon KJ, Cooper VL, Schwartz KJ, Harmon KM, Kim WI, 

Janke BH, Strohbehn J, Butts D, Troutman J. Influenza virus 

infection in racing greyhounds. Emerg Infect Dis. 

2005;11(12):1974-6. 

Zhang YB, Chen JD, Xie JX, Zhu WJ, Wei CY, Tan LK, Cao N, 

Chen Y, Zhang MZ, Zhang GH, Li SJ. Serologic reports of 

H3N2 canine influenza virus infection in dogs in Northeast 

China. J Vet Med Sci. 2013;75(8):1061-2. 

Zhao FR, Li SJ, Zhou DH, Chen N, Zhang YZ, Qi WB, Jiao PR, 

Liao M, Tong GZ, Zhang GH. Seroprevalence of avian 

origin H3N2 canine influenza virus infection in pet dogs in 

Shenzhen, China. Afr J Microbiol Res. 2011;6:5960-3. 

Zhu H, Hughes J, Murcia PR. Origins and evolutionary dynamics 

of H3N2 canine influenza virus. J Virol. 2015;89(10):5406-18. 

Bat Influenza 

Banerjee S, De A, Kedia N, Bhakta K, Wang L, Bhattacharjee B, 

Mondal A. The species-specific 282 residue in the PB2 

subunit of the polymerase regulates RNA synthesis and 

replication of influenza A viruses infecting bat and nonbat 

hosts. J Virol. 2022;96(5):e0219021.  

Campos ACA, Góes LGB, Moreira-Soto A, de Carvalho C, 

Ambar G, et al. Bat influenza A(HL18NL11) virus in fruit 

bats, Brazil. Emerg Infect Dis. 2019;25(2):333-7.  

Ciminski K, Ran W, Gorka M, Lee J, et al. Bat influenza viruses 

transmit among bats but are poorly adapted to non-bat 

species. Nat. Microbiol. 2019;4(12):2298–309.  

Ciminski K, Thamamongood T, Zimmer G, Schwemmle M. 

Novel insights into bat influenza A viruses. J Gen Virol. 

2017;98(10):2393-400.  

Halwe NJ, Gorka M, Hoffmann B, Rissmann M, Breithaupt A, 

Schwemmle M, Beer M, Kandeil A, Ali MA, Kayali G, 

Hoffmann D, Balkema-Buschmann A. Egyptian fruit bats 

(Rousettus aegyptiacus) were resistant to experimental 

inoculation with avian-origin influenza A virus of subtype 

H9N2, but are susceptible to experimental infection with bat-

borne H9N2 virus. Viruses. 2021;13(4):672. 

Juozapaitis M, Aguiar ME, Mena I, Giese S, Riegger D, 

Pohlmann A, Hoper D, Zimmer G, Beer M, Garcia-Sastre A, 

Schwemmle M. An infectious bat-derived chimeric influenza 

virus harbouring the entry machinery of an influenza A virus. 

Nat Commun. 2014;5:4448. 

Kandeil A, Gomaa MR, Shehata MM, El Taweel AN, Mahmoud 

SH, et al. Isolation and characterization of a distinct 

influenza A virus from Egyptian bats. J Virol. 

2019;93(2):e01059-18.  

Maruyama J, Nao N, Miyamoto H, Maeda K, Ogawa H, Yoshida 

R, Igarashi M, Takada A. Characterization of the 

glycoproteins of bat-derived influenza viruses. Virology. 

2016;488:43-50. 

Mehle A. Unusual influenza A viruses in bats. Viruses. 

2014;6(9):3438-49. 

Sato M, Maruyama J, Kondoh T, Nao N, Miyamoto H, Takadate 

Y, Furuyama W, Kajihara M, Ogawa H, Manzoor R, 

Yoshida R, Igarashi M, Takada A. Generation of bat-derived 

influenza viruses and their reassortants. Sci Rep. 

2019;9(1):1158. 

Tong S, Li Y, Rivailler P, Conrardy C, Castillo DA, Chen LM et 

al. A distinct lineage of influenza A virus from bats. Proc 

Natl Acad Sci U S A. 2012;109(11):4269-74. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 33 of 41 

Tong S, Zhu X, Li Y, Shi M, Zhang J, Bourgeois M et al. New 

world bats harbor diverse influenza A viruses. PLoS Pathog. 

2013;9(10):e1003657. 

Uribe M, Rodríguez-Posada ME, Ramirez-Nieto GC. Molecular 

evidence of Orthomyxovirus presence in Colombian 

neotropical bats. Front Microbiol. 2022;13:845546. 

Yang J, Huang M, Qiao S, Zhang P, Teng Q, Li X, Liu Q, Chen 

H, Zhang Z, Yan D, Li Z. Replication and virulence of 

chimeric bat influenza viruses in mammalian and avian cells 

and in mice. Microb Pathog. 2021;157:104992.  

Yang W, Schountz T, Ma W. Bat influenza viruses: current status 

and perspective. Viruses. 2021;13(4):547.  

Zhou B, Ma J, Liu Q, Bawa B, Wang W, Shabman RS et al. 

Characterization of uncultivable bat influenza virus using a 

replicative synthetic virus. PLoS Pathog. 

2014;10(10):e1004420. 

Human Influenza A 

Ado AD, Titova SM. [Studies on experimental influenza in 

dogs]. Vopr Virusol. 1959;4(2):165-9. 

Akerstedt J, Valheim M, Germundsson A, Moldal T, Lie KI, 

Falk M, Hungnes O. Pneumonia caused by influenza A 

H1N1 2009 virus in farmed American mink (Neovison 

vison). Vet Rec. 2012;170(14):362. 

Alghamdi A, Hassan AM, Tolah AM, Alamari SS, Alzahrani 

AA, Alsaaidi GA, Abujamel TS, Azhar EI, Hashem AM. 

Molecular evidence of influenza A virus circulation in 

African dromedary camels imported to Saudi Arabia, 2017-

2018. Open Forum Infect Dis. 2019;6(10):ofz370.  

Ali A, Daniels JB, Zhang Y, Rodriguez-Palacios A, Hayes-

Ozello K, Mathes L, Lee CW. Pandemic and seasonal human 

influenza virus infections in domestic cats: prevalence, 

association with respiratory disease, and seasonality patterns. 

J Clin Microbiol. 2011;49(12):4101-5. 

Alonso WJ, Yu C, Viboud C, Richard SA, Schuck-Paim C, 

Simonsen L, Mello WA, Miller MA. A global map of 

hemispheric influenza vaccine recommendations based on 

local patterns of viral circulation. Sci Rep. 2015;5:17214. 

Anhlan D, Grundmann N, Makalowski W, Ludwig S, Scholtissek 

C. Origin of the 1918 pandemic H1N1 influenza A virus as 

studied by codon usage patterns and phylogenetic analysis. 

RNA. 2011;17(1):64-73. 

Baker M, Kelly H, Wilson N. Pandemic H1N1 influenza lessons 

from the southern hemisphere. Euro Surveill. 2009;14(42). 

Bakken MA, Nashold SW, Hall JS. Serosurvey of coyotes (Canis 

latrans), foxes (Vulpes vulpes, Urocyon cinereoargenteus), 

and raccoons (Procyon lotor) for exposure to influenza A 

viruses in the USA. J Wildl Dis. 2020;56(4):953-5.  

Berhane Y, Ojkic D, Neufeld J, Leith M, Hisanaga T, Kehler H, 

Ferencz A, Wojcinski H, Cottam-Birt C, Suderman M, 

Handel K, Alexandersen S, Pasick J. Molecular 

characterization of pandemic H1N1 influenza viruses 

isolated from turkeys and pathogenicity of a human pH1N1 

isolate in turkeys. Avian Dis. 2010;54(4):1275-85.  

Blanc A, Ruchansky D, Clara M, Achaval F, Le BA, Arbiza J. 

Serologic evidence of influenza A and B viruses in South 

American fur seals (Arctocephalus australis). J Wildl Dis. 

2009;45(2):519-21. 

Boedeker NC, Nelson MI, Killian ML, Torchetti MK, Barthel T, 

Murray S. Pandemic (H1N1) 2009 influenza A virus infection 

associated with respiratory signs in sloth bears (Melursus 

ursinus). Zoonoses Public Health. 2017;64(7):566-71. 

Britton AP, Sojonky KR, Scouras AP, Bidulka JJ. Pandemic 

(H1N1) 2009 in skunks, Canada. Emerg Infect Dis. 

2010;16(6):1043-5. 

Buitendijk H, Fagrouch Z, Niphuis H, Bogers WM, Warren KS, 

Verschoor EJ. Retrospective serology study of respiratory 

virus infections in captive great apes. Viruses. 

2014;6(3):1442-53. 

Campagnolo ER, Moll ME, Tuhacek K, Simeone AJ, Miller WS, 

Waller KO, Simwale O, Rankin JT, Ostroff SM. Concurrent 

2009 pandemic influenza A (H1N1) virus infection in ferrets 

and in a community in Pennsylvania. Zoonoses Public 

Health. 2013;60(2):117-24. 

Campagnolo ER, Rankin JT, Daverio SA, Hunt EA, Lute JR, 

Tewari D, Acland HM, Ostrowski SR, Moll ME, Urdaneta 

VV, Ostroff SM. Fatal pandemic (H1N1) 2009 influenza A 

virus infection in a Pennsylvania domestic cat. Zoonoses 

Public Health. 2011;58(7):500-7. 

Campbell CH, Easterday BC, Webster RG. Strains of Hong 

Kong influenza virus in calves. J Infect Dis. 

1977;135(4):678-80. 

Carter DM, Lu HR, Bloom CE, Crevar CJ, Cherry JL, Lipman 

DJ, Ross TM. Complex patterns of human antisera reactivity 

to novel 2009 H1N1 and historical H1N1 influenza strains. 

PLoS One. 2012;7(7):e39435. 

Centers for Disease Control and Prevention [CDC]. Seaonal 

Influenza. Information for health care professionals [Website 

online]. CDC; 2015. Available at: 

http://www.cdc.gov/flu/professionals/index.htm.* Accessed 

20 Feb 2016. 

Chan MC, Lee N, Chan PK, Leung TF, Sung JJ. Fecal detection of 

influenza A virus in patients with concurrent respiratory and 

gastrointestinal symptoms. J Clin Virol. 2009;45(3):208-11. 

Chan MC, Lee N, Chan PK, To KF, Wong RY, Ho WS, Ngai 

KL, Sung JJ. Seasonal influenza A virus in feces of 

hospitalized adults. Emerg Infect Dis. 2011;17(11):2038-42. 

Chang CP, New AE, Taylor JF, Chiang HS. Influenza virus 

isolations from dogs during a human epidemic in Taiwan. Int 

J Zoonoses. 1976;3(1):61-4. 

Christman MC, Kedwaii A, Xu J, Donis RO, Lu G. Pandemic 

(H1N1) 2009 virus revisited: an evolutionary retrospective. 

Infect Genet Evol. 2011;11(5):803-11. 

Chughtai AA, Wang Q, Dung TC, Macintyre CR. The presence 

of fever in adults with influenza and other viral respiratory 

infections. Epidemiol Infect. 2017;145(1):148-55.  

Clayton MJ, Kelly EJ, Mainenti M, Wilhelm A, Torchetti MK, 

Killian ML, Van Wettere AJ. Pandemic lineage 2009 H1N1 

influenza A virus infection in farmed mink in Utah. J Vet 

Diagn Invest. 2022;34(1):82-5.  

Crawshaw TR, Brown IH, Essen SC, Young SCL. Significant rising 

antibody titres to influenza A are associated with an acute 

reduction in milk yield in cattle. Vet J. 2008;178(1):98-102.  

Crossley B, Hietala S, Hunt T, Benjamin G, Martinez M, Darnell 

D, Rubrum A, Webby R. Pandemic (H1N1) 2009 in captive 

cheetah. Emerg Infect Dis. 2012;18(2):315-7. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 34 of 41 

Damiani AM, Kalthoff D, Beer M, Muller E, Osterrieder N. 

Serological survey in dogs and cats for influenza 

A(H1N1)pdm09 in Germany. Zoonoses Public Health. 

2012;59(8):549-52. 

Davis LE. Neurologic and muscular complications of the 2009 

influenza A (H1N1) pandemic. Curr Neurol Neurosci Rep. 

2010;10(6):476-83. 

de Jong JC, Donker GA, Meijer A, van der Hoek W, 

Rimmelzwaan GF, et al. Het influenzaseizoen 2010/2011 in 

Nederland: het nieuwe A(H1N1)-virus van 2009 blijft actief. 

Ned Tijdschr Med Microbiol. 2011;19:21-7. 

Dilantika C, Sedyaningsih ER, Kasper MR, Agtini M, 

Listiyaningsih E, Uyeki TM, Burgess TH, Blair PJ, Putnam 

SD. Influenza virus infection among pediatric patients 

reporting diarrhea and influenza-like illness. BMC Infect Dis. 

2010;10:3. 

Durand LO, Glew P, Gross D, Kasper M, Trock S, Kim IK, 

Bresee JS, Donis R, Uyeki TM, Widdowson MA, Azziz-

Baumgartner E. Timing of influenza A(H5N1) in poultry and 

humans and seasonal influenza activity worldwide, 2004-

2013. Emerg Infect Dis. 2015;21(2):202-8. 

Erlikh IV, Abraham S, Kondamudi VK. Management of 

influenza. Am Fam Physician. 2010;82(9):1087-95. 

Evans R, Bommineni Y, Falk J, Blackway A, Young B, Isenhart 

C. Mature turkey breeder hens exposed to pandemic 

influenza H1N1: Resultant effects on morbidity, mortality, 

and fecundity. Avian Dis. 2015;59(1):171-4. 

Fiorentini L, Taddei R, Moreno A, Gelmetti D, Barbieri I, De 

Marco MA, Tosi G, Cordioli P, Massi P. Influenza A 

pandemic (H1N1) 2009 virus outbreak in a cat colony in 

Italy. Zoonoses Public Health. 2011;58(8):573-81. 

Forgie SE, Keenliside J, Wilkinson C, Webby R, Lu P, Sorensen 

O et al. Swine outbreak of pandemic influenza A virus on a 

Canadian research farm supports human-to-swine 

transmission. Clin Infect Dis. 2011;52(1):10-8. 

Ghedin E, Wentworth DE, Halpin RA, Lin X, Bera J, DePasse J 

et al. Unseasonal transmission of H3N2 influenza A virus 

during the swine-origin H1N1 pandemic. J Virol. 

2010;84(11):5715-8. 

Goldstein T, Mena I, Anthony SJ, Medina R, Robinson PW, 

Greig DJ, Costa DP, Lipkin WI, Garcia-Sastre A, Boyce 

WM. Pandemic H1N1 influenza isolated from free-ranging 

northern elephant seals in 2010 off the central California 

coast. PLoS One. 2013;8(5):e62259. 

Graham DA, Calvert V, McLaren E. Retrospective analysis of 

serum and nasal mucus from cattle in Northern Ireland for 

evidence of infection with influenza A virus. Vet Rec. 

2002;150(7):201-4. 

Graves IL, Pyakural S, Sousa VO. Susceptibility of a yak to 

influenza A viruses and presence of H3N2 antibodies in 

animals in Nepal and India. Bull World Health Organ. 

1974;51(2):173-7.  

Grohskopf LA, Shay DK, Shimabukuro TT, Sokolow LZ, Keitel 

WA, Bresee JS, Cox NJ. Prevention and control of seasonal 

influenza with vaccines. Recommendations of the Advisory 

Committee on Immunization Practices--United States, 2013-

2014. MMWR Recomm Rep. 2013;62(RR-07):1-43. 

Grontvedt CA, Er C, Gjerset B, Hauge AG, Brun E, Jorgensen A, 

Lium B, Framstad T. Influenza A(H1N1)pdm09 virus 

infection in Norwegian swine herds 2009/10: The risk of 

human to swine transmission. Prev Vet Med. 2013;110(3-

4):429-34. 

Hancock K, Veguilla V, Lu X, Zhong W, Butler EN, Sun H, Liu 

F, Dong L, DeVos JR, Gargiullo PM, Brammer TL, Cox NJ, 

Tumpey TM, Katz JM. Cross-reactive antibody responses to 

the 2009 pandemic H1N1 influenza virus. N Engl J Med. 

2009;361(20):1945-52. 

Hernan MA, Lipsitch M. Oseltamivir and risk of lower 

respiratory tract complications in patients with flu symptoms: 

a meta-analysis of eleven randomized clinical trials. Clin 

Infect Dis. 2011;53(3):277-9. 

Horimoto T, Gen F, Murakami S, Iwatsuki-Horimoto K, Kato K, 

Akashi H, Hisasue M, Sakaguchi M, Kawaoka Y, Maeda K. 

Serological evidence of infection of dogs with human 

influenza viruses in Japan. Vet Rec. 2014;174(4):96. 

Itoh Y, Shinya K, Kiso M, Watanabe T, Sakoda Y, Hatta M et al. 

In vitro and in vivo characterization of new swine-origin 

H1N1 influenza viruses. Nature. 2009;460(7258):1021-5. 

Jakeman KJ, Tisdale M, Russell S, Leone A, Sweet C. Efficacy 

of 2'-deoxy-2'-fluororibosides against influenza A and B 

viruses in ferrets. Antimicrob Agents Chemother. 

1994;38(8):1864-7.  

Jang H, Jackson YK, Daniels JB, Ali A, Kang KI, Elaish M, Lee 

CW. Seroprevalence of three influenza A viruses (H1N1, 

H3N2, and H3N8) in pet dogs presented to a veterinary 

hospital in Ohio. Vet Sci. 2017;18(S1):291-8.  

Jefferson T, Jones MA, Doshi P, Del Mar CB, Heneghan CJ, 

Hama R, Thompson MJ. Neuraminidase inhibitors for 

preventing and treating influenza in healthy adults and 

children. Cochrane Database Syst Rev. 2012;1:CD008965. 

Jurado-Tarifa E, Cano-Terriza D, Daly JM, Arenas A, García-

Bocanegra I. Serosurvey of pandemic H1N1 influenza A 

virus in dogs in Andalusia (southern Spain). Zoonoses Public 

Health. 2020;67(8):869-75.  

Kalthoff D, Grund C, Harder TC, Lange E, Vahlenkamp TW, 

Mettenleiter TC, Beer M. Limited susceptibility of chickens, 

turkeys, and mice to pandemic (H1N1) 2009 virus. Emerg 

Infect Dis. 2010;16(4):703-5. 

Kapczynski DR, Gonder E, Tilley B, Hernandez A, Hodgson J, 

Wojcinski H, Jiang H, Suarez DL. Pandemic H1N1 influenza 

virus in Chilean commercial turkeys with genetic and 

serologic comparisons to U.S. H1N1 avian influenza vaccine 

isolates. Avian Dis. 2011;55(4):633-41. 

Karlsson EA, Engel GA, Feeroz MM, San S, Rompis A, Lee BP, 

Shaw E, Oh G, Schillaci MA, Grant R, Heidrich J, Schultz-

Cherry S, Jones-Engel L. Influenza virus infection in 

nonhuman primates. Emerg Infect Dis. 2012;18(10):1672-5. 

Karlsson EA, Marcelin G, Webby RJ, Schultz-Cherry S. Review 

on the impact of pregnancy and obesity on influenza virus 

infection. Influenza Other Respir Viruses. 2012;6(6):449-60. 

Khandaker G, Dierig A, Rashid H, King C, Heron L, Booy R. 

Systematic review of clinical and epidemiological features of 

the pandemic influenza A (H1N1) 2009. Influenza Other 

Respir Viruses. 2011;5(3):148-56. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 35 of 41 

Klimov A, Balish A, Veguilla V, Sun H, Schiffer J, Lu X, Katz 

JM, Hancock K. Influenza virus titration, antigenic 

characterization, and serological methods for antibody 

detection. Methods Mol Biol. 2012;865:25-51. 

Knight CG, Davies JL, Joseph T, Ondrich S, Rosa BV. Pandemic 

H1N1 influenza virus infection in a Canadian cat. Can Vet J. 

2016; 57:497-500.  

Komadina N, McVernon J, Hall R, Leder K. A historical 

perspective of influenza A(H1N2) virus. Emerg Infect Dis. 

2014;20(1):6-12. 

Kumar A. Pandemic H1N1 influenza. J Thorac Dis. 

2011;3(4):262-70. 

Kumar S, Henrickson KJ. Update on influenza diagnostics: 

lessons from the novel H1N1 influenza A pandemic. Clin 

Microbiol Rev. 2012;25(2):344-61. 

Kuroda Y, Okada A, Shimoda H, Miwa Y, Watamori A, Ishida 

H, Murakami S, Takada A, Horimoto T, Maeda K. Influenza 

A virus infection in domestic ferrets. Jpn J Infect Dis. 2021 

Nov 30. Online ahead of print.  

Kwit K, Pomorska-Mol M, Markowska-Daniel I. Pregnancy 

outcome and clinical status of gilts following experimental 

infection by H1N2, H3N2 and H1N1pdm09 influenza A 

viruses during the last month of gestation. Arch Virol. 

2015;160(10):2415-25. 

Lange E, Kalthoff D, Blohm U, Teifke JP, Breithaupt A, 

Maresch C, Starick E, Fereidouni S, Hoffmann B, 

Mettenleiter TC, Beer M, Vahlenkamp TW. Pathogenesis 

and transmission of the novel swine-origin influenza virus 

A/H1N1 after experimental infection of pigs. J Gen Virol. 

2009;90(Pt 9):2119-23. 

Langlois I. Viral diseases of ferrets. Vet Clin North Am Exot 

Anim Pract. 2005; 8(1): 139-60. 

Leyva-Grado VH, Mubareka S, Krammer F, Cardenas WB, 

Palese P. Influenza virus infection in guinea pigs raised as 

livestock, Ecuador. Emerg Infect Dis. 2012;18(7):1135-8. 

Li D, Zhu L, Cui H, Ling S, Fan S, Yu Z, Zhou Y, Wang T, Qian 

J, Xia X, Xu Z, Gao Y, Wang C. Influenza A(H1N1)pdm09 

virus infection in giant pandas, China. Emerg Infect Dis. 

2014;20(3):480-3. 

Lin D, Sun S, Du L, Ma J, Fan L, Pu J, Sun Y, Zhao J, Sun H, 

Liu J. Natural and experimental infection of dogs with 

pandemic H1N1/2009 influenza virus. J Gen Virol. 

2012;93(Pt 1):119-23. 

Lin HT, Wang CH, Wu WL, Chi CH, Wang LC. Natural 

A(H1N1)pdm09 influenza virus infection case in a pet ferret 

in Taiwan. Jpn J Vet Res. 2014;62(4):181-5. 

Lohr CV, DeBess EE, Baker RJ, Hiett SL, Hoffman KA, Murdoch 

VJ, Fischer KA, Mulrooney DM, Selman RL, Hammill-Black 

WM. Pathology and viral antigen distribution of lethal 

pneumonia in domestic cats due to pandemic (H1N1) 2009 

influenza A virus. Vet Pathol. 2010;47(3):378-86. 

Lopez JW, Woods GT. Influenza virus in ruminants: a review. 

Res Commun Chem Pathol Pharmacol. 1984;45(3):445-62. 

Lopez-Medrano F, Cordero E, Gavalda J, Cruzado JM, Marcos 

MA, Perez-Romero P, Sabe N, Gomez-Bravo MA, Delgado 

JF, Cabral E, Carratala J. Management of influenza infection 

in solid-organ transplant recipients: consensus statement of 

the Group for the Study of Infection in Transplant Recipients 

(GESITRA) of the Spanish Society of Infectious Diseases 

and Clinical Microbiology (SEIMC) and the Spanish 

Network for Research in Infectious Diseases (REIPI). 

Enferm Infecc Microbiol Clin. 2013;31(8):526. 

McQueen JL. Davenport FM. Experimental influenza in sheep. 

Proc Soc Exp Biol Med. 1963;112:1004-6. 

Maines TR, Jayaraman A, Belser JA, Wadford DA, Pappas C, 

Zeng H et al. Transmission and pathogenesis of swine-origin 

2009 A(H1N1) influenza viruses in ferrets and mice. 

Science. 2009;325(5939):484-7. 

Marois P, Boudreault A, DiFranco E, Pavilanis V. Response of 

ferrets and monkeys to intranasal infection with human, 

equine and avian influenza viruses. Can J Comp Med. 

1971;35(1):71-6. 

Marzoratti L, Iannella HA, Gomez VF, Figueroa SB. Recent 

advances in the diagnosis and treatment of influenza 

pneumonia. Curr Infect Dis Rep. 2012;14(3):275-83.  

Mathieu C, Moreno V, Retamal P, Gonzalez A, Rivera A, Fuller 

J et al. Pandemic (H1N1) 2009 in breeding turkeys, 

Valparaiso, Chile. Emerg Infect Dis. 2010;16(4):709-11. 

McCullers JA, Van De Velde LA, Schultz RD, Mitchell CG, 

Halford CR, Boyd KL, Schultz-Cherry S. Seroprevalence of 

seasonal and pandemic influenza A viruses in domestic cats. 

Arch Virol. 2011;156(1):117-20. 

Mereckiene J, Cotter S, Nicoll A, Lopalco P, Noori T, Weber J, 

D'Ancona F, Levy-Bruhl D, Dematte L, Giambi C, 

Valentiner-Branth P, Stankiewicz I, Appelgren E, Flanagan 

O. Seasonal influenza immunisation in Europe. Overview of 

recommendations and vaccination coverage for three 

seasons: pre-pandemic (2008/09), pandemic (2009/10) and 

post-pandemic (2010/11). Euro Surveill. 2014;19(16):20780. 

Michiels B, Van Puyenbroeck K, Verhoeven V, Vermeire E, 

Coenen S. The value of neuraminidase inhibitors for the 

prevention and treatment of seasonal influenza: a systematic 

review of systematic reviews. PLoS One. 2013;8(4):e60348. 

Michigan Department of Agriculture, Animal Industry Division. 

Ferret health advisory sheet. 2 p. Available at: 

http://www.michigan.gov/documents/ 

MDA_FerretHealthAdvisorySheet_31881_7.pdf.* Accessed 

20 Aug 2004. 

Morrisey JK. Ferrets: Viral diseases. In: Kahn CM, Line S, 

Aiello SE, editors. The Merck veterinary manual 

[online].Whitehouse Station, NJ: Merck and Co; 2013. 

Available at: 

http://www.merckvetmanual.com/mvm/exotic_and_laborator

y_animals/ferrets/infectious_diseases_of_ferrets.html.*  

Moura FE. Influenza in the tropics. Curr Opin Infect Dis. 

2010;23(5):415-20. 

Munster VJ, de Wit E, van den Brand JM, Herfst S, Schrauwen 

EJ, Bestebroer TM, van de Vijver V, Boucher CA, 

Koopmans M, Rimmelzwaan GF, Kuiken T, Osterhaus AD, 

Fouchier RA. Pathogenesis and transmission of swine-origin 

2009 A(H1N1) influenza virus in ferrets. Science. 

2009;325(5939):481-3. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 36 of 41 

Nakamura RM, Easterday BC. Serological studies of influenza in 

animals. Bull World Health Organ. 1967;37(4):559-67. 

National Institute of Allergy and Infectious Diseases 279, 

National Institutes of Health 279. Flu drugs [online]. NIAID, 

NIH; 2003 Feb. Available at: 

http://www.niaid.nih.gov/factsheets/fludrugs.htm.* Accessed 

11 Nov 2006. 

Nelson MI, Vincent AL. Reverse zoonosis of influenza to swine: 

new perspectives on the human-animal interface. Trends 

Microbiol. 2015;23(3):142-53. 

Nemeth NM, Oesterle PT, Poulson RL, Jones CA, Tompkins 

SM, Brown JD, Stallknecht DE. Experimental infection of 

European starlings (Sturnus vulgaris) and house sparrows 

(Passer domesticus) with pandemic 2009 H1N1 and swine 

H1N1 and H3N2 triple reassortant influenza viruses. J Wildl 

Dis. 2013;49(2):437-40. 

Neumann G, Kawaoka Y. The first influenza pandemic of the 

new millennium. Influenza Other Respir Viruses. 

2011;5(3):157-66. 

Nikitin A, Cohen D, Todd JD, Lief FS. Epidemiological studies 

of A-Hong Kong-68 virus infection in dogs. Bull World 

Health Organ. 1972;47(4):471-9. 

Ohishi K, Ninomiya A, Kida H, Park CH, Maruyama T, Arai T, 

Katsumata E, Tobayama T, Boltunov AN, Khuraskin LS, 

Miyazaki N. Serological evidence of transmission of human 

influenza A and B viruses to Caspian seals (Phoca caspica). 

Microbiol Immunol. 2002;46(9):639-44. 

Onta T, Kida H, Kawano J, Matsuoka Y, Yanagawa R. 

Distribution of antibodies against various influenza A viruses 

in animals. Nihon Juigaku Zasshi. 1978;40(4):451-4. 

Paltrinieri S, Spagnolo V, Giordano A, Martin AM, Luppi A. 

Influenza virus type A serosurvey in cats. Emerg Infect Dis. 

2007;13(4):662-4. 

Paniker CK, Nair CM. Experimental infection of animals with 

influenzavirus types A and B. Bull World Health Organ. 

1972;47(4):461-3. 

Paniker CK, Nair CM. Infection with A2 Hong Kong influenza 

virus in domestic cats. Bull World Health Organ. 

1970;43(6):859-62. 

Pantin-Jackwood M, Wasilenko JL, Spackman E, Suarez DL, 

Swayne DE. Susceptibility of turkeys to pandemic-H1N1 

virus by reproductive tract insemination. Virol J. 2010;7:27. 

Pasma T, Joseph T. Pandemic (H1N1) 2009 infection in swine 

herds, Manitoba, Canada. Emerg Infect Dis. 2010;16(4):706-8. 

Pedroni E, Munoz X, Sotomayor V, Munoz JC, Arenas M, Fasce 

R, Olea A. [Outbreak of human A (H1N1) influenza in 

turkeys of a commercial poultry farm, Valparaiso, Chile: 

August 2009]. Rev Chilena Infectol. 2012;29(4):420-6. 

Piccirillo A, Pasotto D, Martin AM, Cordioli P. Serological 

survey for influenza type A viruses in domestic dogs (Canis 

lupus familiaris) and cats (Felis catus) in north-eastern Italy. 

Zoonoses Public Health. 2010;57(4):239-43. 

Pigott AM, Haak CE, Breshears MA, Linklater AK. Acute 

bronchointerstitial pneumonia in two indoor cats exposed to 

the H1N1 influenza virus. J Vet Emerg Crit Care (San 

Antonio ). 2014;24(6):715-23. 

Pingret JL, Riviere D, Lafon S, Etievant M, Boucraut-Baralon C. 

Epidemiological survey of H1N1 influenza virus in cats in 

France. Vet Rec. 2010;166(10):307. 

Pinsky BA, Mix S, Rowe J, Ikemoto S, Baron EJ. Long-term 

shedding of influenza A virus in stool of immunocompromised 

child. Emerg Infect Dis. 2010;16(7):1165-7. 

Promed Mail. PRO/AH/EDR> Influenza pandemic (H1N1) 2009, 

animal (21): USA (IA) feline. Nov 5, 2009. Archive Number 

20091105.3816. Available at http://www.promedmail.org. 

Accessed 5 Nov 2009. 

Promed Mail. PRO/AH/EDR> Influenza pandemic (H1N1) 2009, 

animal (28): USA (UT, OR) feline. Nov 21, 2009. Archive 

Number 20091121.4008. Available at 

http://www.promedmail.org. Accessed 30 Nov 2009. 

Promed Mail. PRO/AH/EDR> Influenza pandemic (H1N1) 2009, 

animal (30): China, canine. Nov 28, 2009. Archive Number 

20091128.4079. Available at http://www.promedmail.org. 

Accessed 30 Nov 2009. 

Promed Mail. PRO/AH/EDR> Influenza pandemic (H1N1) 2009, 

animal (36): USA (CO). Dec 9, 2009. Archive Number 

20091209.4192. Available at http://www.promedmail.org. 

Accessed 11 Dec 2009. 

Promed Mail. PRO/AH/EDR> Influenza pandemic (H1N1) 2009, 

animal (40): USA (NY) canine. Dec 22, 2009. Archive 

Number 20091222.4305. Available at 

http://www.promedmail.org. Accessed 22 Dec 2009. 

Punpanich W, Chotpitayasunondh T. A review on the clinical 

spectrum and natural history of human influenza. Int J Infect 

Dis. 2012;16(10):e714-e723. 

Ramirez-Martinez LA, Contreras-Luna M, De la Luz J, 

Manjarrez ME, Rosete DP, Rivera-Benitez JF, Saavedra-

Montanez M, Ramirez-Mendoza H. Evidence of transmission 

and risk factors for influenza A virus in household dogs and 

their owners. Influenza Other Respir Viruses. 

2013;7(6):1292-6. 

Randolph AG, Vaughn F, Sullivan R, Rubinson L, Thompson 

BT, Yoon G et al. Critically ill children during the 2009-

2010 influenza pandemic in the United States. Pediatrics. 

2011;128(6):e1450-e1458. 

Randolph RW. Medical and surgical care of the pet ferret: 

Influenza. In: Kirk RW, editor. Current veterinary therapy X. 

Philadelphia: WB Saunders; 1989. p. 775. 

Reid AH, Taubenberger JK. The origin of the 1918 pandemic 

influenza virus: a continuing enigma. J Gen Virol. 

2003;84(Pt 9):2285-92. 

Reid SM, Cox WJ, Ceeraz V, Sutton D, Essen SC, Howard WA, 

Slomka MJ, Irvine RM, Brown IH. First reported detection 

of influenza A (H1N1)pdm09 in turkeys in the United 

Kingdom. Avian Dis. 2012;56(4 Suppl):1062-7. 

Romvary J, Rozsa J, Farkas E. Infection of dogs and cats with 

the Hong Kong influenza A (H3N2) virus during an epidemic 

period in Hungary. Acta Vet Hung. 2014;25:255-9. 

Romvary J, Takatsy Gy, Barb K, Farkas E. Isolation of influenza 

virus strains from animals. Nature. 1962;193:907. 

Russell C, Hanna A, Barrass L, Matrosovich M, Nunez A, 

Brown IH, Choudhury B, Banks J. Experimental infection of 

turkeys with pandemic (H1N1) 2009 influenza virus 

(A/H1N1/09v). J Virol. 2009;83(24):13046-7. 

Said AW, Usui T, Shinya K, Ono E, Ito T, Hikasa Y, Matsuu A, 

Takeuchi T, Sugiyama A, Nishii N, Yamaguchi T. A sero-

survey of subtype H3 influenza A virus infection in dogs and 

cats in Japan. J Vet Med Sci. 2011;73(4):541-4. 

http://www.cfsph.iastate.edu/
http://www.promedmail.org/
http://www.promedmail.org/
http://www.promedmail.org/
http://www.promedmail.org/
http://www.promedmail.org/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 37 of 41 

Schrenzel MD, Tucker TA, Stalis IH, Kagan RA, Burns RP, 

Denison AM, Drew CP, Paddock CD, Rideout BA. 

Pandemic (H1N1) 2009 virus in 3 wildlife species, San 

Diego, California, USA. Emerg Infect Dis. 2011;17(4):747-9. 

Seiler BM, Yoon KJ, Andreasen CB, Block SM, Marsden S, 

Blitvich BJ. Antibodies to influenza A virus (H1 and H3) in 

companion animals in Iowa, USA. Vet Rec. 

2010;167(18):705-7. 

Shin SY, Kim JH, Kim HS, Kang YA, Lee HG, Kim JS, Lee JK, 

Kim WK. Clinical characteristics of Korean pediatric 

patients critically ill with influenza A (H1N1) virus. Pediatr 

Pulmonol. 2010;45(10):1014-20. 

Smith GJ, Bahl J, Vijaykrishna D, Zhang J, Poon LL, Chen H, 

Webster RG, Peiris JS, Guan Y. Dating the emergence of 

pandemic influenza viruses. Proc Natl Acad Sci U S A. 

2009;106(28):11709-12. 

Smith GJ, Vijaykrishna D, Bahl J, Lycett SJ, Worobey M, Pybus 

OG, Ma SK, Cheung CL, Raghwani J, Bhatt S, Peiris JS, 

Guan Y, Rambaut A. Origins and evolutionary genomics of 

the 2009 swine-origin H1N1 influenza A epidemic. Nature. 

2009;459(7250):1122-5. 

Smith NM, Bresee JS, Shay DK, Uyeki TM, Cox NJ, Strikas RA. 

Prevention and control of influenza. Recommendations of the 

Advisory Committee on Immunization Practices (ACIP). 

Morb Mortal Wkly Rep. 2006;55(RR-10):1-42. 

Song D, Kim H, Na W, Hong M, Park SJ, Moon H, Kang B, 

Lyoo KS, Yeom M, Jeong DG, An DJ, Kim JK. Canine 

susceptibility to human influenza viruses (A/pdm 09H1N1, 

A/H3N2 and B). J Gen Virol. 2015;96(Pt 2):254-8. 

Sponseller BA, Strait E, Jergens A, Trujillo J, Harmon K, Koster 

L et al. Influenza A pandemic (H1N1) 2009 virus infection in 

domestic cat. Emerg Infect Dis. 2010;16(3):534-7. 

Sreenivasan CC, Thomas M, Kaushik RS, Wang D, Li F. 

Influenza A in bovine species: a narrative literature review. 

Viruses. 2019;11(6):561.  

St George K. Diagnosis of influenza virus. Methods Mol Biol. 

2012;865:53-69. 

Su S, Chen J, Jia K, Khan SU, He S, Fu X, Hong M, Sun L, Qi 

W, Gray GC, Li S. Evidence for subclinical influenza 

A(H1N1)pdm09 virus infection among dogs in Guangdong 

Province, China. J Clin Microbiol. 2014;52(5):1762-5. 

Su S, Yuan L, Li H, Chen J, Xie J, Huang Z, Jia K, Li S. 

Serologic evidence of pandemic influenza virus H1N1 2009 

infection in cats in China. Clin Vaccine Immunol. 

2013;20(1):115-7. 

Su W, Kinoshita R, Gray J, Ji Y, Yu D, Peiris JSM, Yen HL. 

Seroprevalence of dogs in Hong Kong to human and canine 

influenza viruses. Vet Rec Open. 2019;6(1):e000327.  

Sun Y, Shen Y, Zhang X, Wang Q, Liu L, Han X, Jiang B, Wang 

R, Sun H, Pu J, Lin D, Xia Z, Liu J. A serological survey of 

canine H3N2, pandemic H1N1/09 and human seasonal H3N2 

influenza viruses in dogs in China. Vet Microbiol. 

2014;168(1):193-6. 

Swenson SL, Koster LG, Jenkins-Moore M, Killian ML, DeBess 

EE, Baker RJ, Mulrooney D, Weiss R, Galeota J, Bredthauer 

A. Natural cases of 2009 pandemic H1N1 Influenza A virus 

in pet ferrets. J Vet Diagn Invest. 2010;22(5):784-8. 

Tangwangvivat R, Chanvatik S, Charoenkul K, Chaiyawong S, 

Janethanakit T, Tuanudom R, Prakairungnamthip D, 

Boonyapisitsopa S, Bunpapong N, Amonsin A. Evidence of 

pandemic H1N1 influenza exposure in dogs and cats, 

Thailand: A serological survey. Zoonoses Public Health. 

2019;66(3):349-53. 

Tanyi J, Romvary J, Aldasy P, Mathe Z. Isolation of influenza A 

virus strains from cattle. Acta Vet Acad Sci Hung. 

1974;24:341-3Taubenberger JK, Kash JC. Influenza virus 

evolution, host adaptation, and pandemic formation. Cell 

Host Microbe. 2010;7(6):440-51. 

Taubenberger JK, Reid AH, Lourens RM, Wang R, Jin G, 

Fanning TG. Characterization of the 1918 influenza virus 

polymerase genes. Nature. 2005;437(7060):889-93. 

Thontiravong A, Wannaratana S, Tantilertcharoen R, 

Prakairungnamthip D, Tuanudom R, Sasipreeyajan J, 

Pakpinyo S, Amonsin A, Kitikoon P, Oraveerakul K. 

Comparative study of pandemic (H1N1) 2009, swine H1N1, 

and avian H3N2 influenza viral infections in quails. J Vet 

Sci. 2012;13(4):395-403. 

Thorlund K, Awad T, Boivin G, Thabane L. Systematic review 

of influenza resistance to the neuraminidase inhibitors. BMC 

Infect Dis. 2011;11:134. 

Todd JD, Cohen D. Studies of influenza in dogs. I. Susceptibility 

of dogs to natural and experimental infection with human A2 

and B strains of influenza virus. Am J Epidemiol. 

1968;87(2):426-39. 

Tremblay D, Allard V, Doyon JF, Bellehumeur C, Spearman JG, 

Harel J, Gagnon CA. Emergence of a new swine H3N2 and 

pandemic (H1N1) 2009 influenza A virus reassortant in two 

Canadian animal populations, mink and swine. J Clin 

Microbiol. 2011;49(12):4386-90. 

Tse H, To KK, Wen X, Chen H, Chan KH, Tsoi HW, Li IW, 

Yuen KY. Clinical and virological factors associated with 

viremia in pandemic influenza A/H1N1/2009 virus infection. 

PLoS One. 2011;6(9):e22534. 

Vana G, Westover KM. Origin of the 1918 Spanish influenza 

virus: a comparative genomic analysis. Mol Phylogenet Evol. 

2008;47(3):1100-10. 

van den Brand JM, Stittelaar KJ, van Amerongen G, 

Rimmelzwaan GF, Simon J, de Wit E, Munster V, 

Bestebroer T, Fouchier RA, Kuiken T, Osterhaus AD. 

Severity of pneumonia due to new H1N1 influenza virus in 

ferrets is intermediate between that due to seasonal H1N1 

virus and highly pathogenic avian influenza H5N1 virus. J 

Infect Dis. 2010;201(7):993-9. 

van den Brand JM, Stittelaar KJ, van Amerongen G, van de Bildt 

MW, Leijten LM, Kuiken T, Osterhaus AD. Experimental 

pandemic (H1N1) 2009 virus infection of cats. Emerg Infect 

Dis. 2010;16(11):1745-7. 

Van Kerkhove MD, Vandemaele KA, Shinde V, Jaramillo-

Gutierrez G, Koukounari A, Donnelly CA et al. Risk factors 

for severe outcomes following 2009 influenza A (H1N1) 

infection: a global pooled analysis. PLoS Med. 

2011;8(7):e1001053. 

Wasik BR, Voorhees IEH, Parrish CR. Canine and feline 

influenza. Cold Spring Harb Perspect Med. 

2021;11(1):a038562.  

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 38 of 41 

Wei CJ, Boyington JC, Dai K, Houser KV, Pearce MB, Kong 

WP, Yang ZY, Tumpey TM, Nabel GJ. Cross-neutralization 

of 1918 and 2009 influenza viruses: role of glycans in viral 

evolution and vaccine design. Sci Transl Med. 

2010;2(24):24ra21. 

Wootton SH, Scheifele DW, Mak A, Petric M, Skowronski DM. 

Detection of human influenza virus in the stool of children. 

Pediatr Infect Dis J. 2006;25(12):1194-5. 

World Health Organization [WHO]. Clinical features of severe 

cases of pandemic influenza. WHO; 16 Oct 2009. Available 

at: http://www.who.int/csr/disease/swineflu/notes/ 

h1n1_clinical_features_20091016/en/index.html.* Accessed 

11 Nov 2009. 

Worobey M, Han GZ, Rambaut A. Genesis and pathogenesis of 

the 1918 pandemic H1N1 influenza A virus. Proc Natl Acad 

Sci U S A. 2014;111(22):8107-12. 

Xu R, Ekiert DC, Krause JC, Hai R, Crowe JE, Jr., Wilson IA. 

Structural basis of preexisting immunity to the 2009 H1N1 

pandemic influenza virus. Science. 2010;328(5976):357-60. 

Yamnikova SS, Mandler J, Bekh-Ochir ZH, Dachtzeren P, 

Ludwig S, Lvov DK, Scholtissek C. A reassortant H1N1 

influenza A virus caused fatal epizootics among camels in 

Mongolia. Virology 1993;197:558-63. 

Yan HX, Xu HF, He WJ, Xie Y, Dong GY. Phylogenetic 

analysis of HA and NA genes of influenza H1N1 viruses 

from 1918 to 2017. Acta Virol. 2019;63(2):195-202.  

Yoon KJ, Schwartz K, Sun D, Zhang J, Hildebrandt H. Naturally 

occurring influenza A virus subtype H1N2 infection in a 

Midwest United States mink (Mustela vison) ranch. J Vet 

Diagn Invest. 2012;24(2):388-91. 

Zhao FR, Liu CG, Yin X, Zhou DH, Wei P, Chang HY. 

Serological report of pandemic (H1N1) 2009 infection 

among cats in northeastern China in 2012-02 and 2013-03. 

Virol J. 2014;11:49. 

Zhao S, Schuurman N, Tieke M, Quist B, Zwinkels S, van 

Kuppeveld FJM, de Haan CAM, Egberink H. Serological 

screening of influenza A virus antibodies in cats and dogs 

indicates frequent infection with different subtypes. J Clin 

Microbiol. 2020;58(11):e01689-20. 

Influenza B 

Ado AD, Titova SM. [Studies on experimental influenza in 

dogs]. Vopr Virusol. 1959;4(2):165-9. 

Blanc A, Ruchansky D, Clara M, Achaval F, Le BA, Arbiza J. 

Serologic evidence of influenza A and B viruses in South 

American fur seals (Arctocephalus australis). J Wildl Dis. 

2009;45(2):519-21. 

Bodewes R, Morick D, de Mutsert G, Osinga N, Bestebroer T, 

van der Vliet S, Smits SL, Kuiken T, Rimmelzwaan GF, 

Fouchier RA, Osterhaus AD. Recurring influenza B virus 

infections in seals. Emerg Infect Dis. 2013;19(3):511-2. 

Brown IH, Harris PA, Alexander DJ. Serological studies of 

influenza viruses in pigs in Great Britain 1991-2. Epidemiol 

Infect. 1995;114(3):511-20. 

Chi XS, Bolar TV, Zhao P, Rappaport R, Cheng SM. 

Cocirculation and evolution of two lineages of influenza B 

viruses in Europe and Israel in the 2001-2002 season. J Clin 

Microbiol. 2003;41(12):5770-3. 

Chi XS, Hu A, Bolar TV, Al-Rimawi W, Zhao P, Tam JS, 

Rappaport R, Cheng SM. Detection and characterization of 

new influenza B virus variants in 2002. J Clin Microbiol. 

2005;43(5):2345-9. 

Higgins RR, Beniprashad M, Chong-King E, Li Y, Bastien N, 

Low DE, Gubbay JB. Recovery of influenza B virus with the 

H273Y point mutation in the neuraminidase active site from 

a human patient. J Clin Microbiol. 2012;50(7):2500-2. 

Jakeman KJ, Tisdale M, Russell S, Leone A, Sweet C. Efficacy 

of 2'-deoxy-2'-fluororibosides against influenza A and B 

viruses in ferrets. Antimicrob Agents Chemother. 

1994;38(8):1864-7. 

Kasel JA, Byrne RJ, Harvey EW, Shillinger R. Experimental 

human B influenza virus infection in Chincoteague ponies. 

Nature. 1968;219(5157):968-9. 

Le TT, Pham TH, Pham TH, Nguyen le KH, Hoang VM, Tran 

TH, Nguyen VS, Ngo HG, Le QM. Circulation of influenza 

B lineages in northern Viet Nam, 2007-2014. Western Pac 

Surveill Response J. 2015;6(4):17-23. 

Lee J, Wang L, Palinski R, Walsh T, He D, Li Y, Wu R, Lang Y, 

Sunwoo SY, Richt JA, Ma W. Comparison of pathogenicity 

and transmissibility of influenza B and D viruses in pigs. 

Viruses. 2019;11(10):905.  

Лозовая АН. Җ. микробиол 1942; No. 7: 60. (Lozovaya AN. J 

Mikrobiol 1972;7:60). 

Mall S, Buchholz U, Tibussek D, Jurke A, an der HM, Diedrich 

S, Schweiger B, Alpers K. A large outbreak of influenza B-

associated benign acute childhood myositis in Germany, 

2007/2008. Pediatr Infect Dis J. 2011;30(8):e142-e146. 

Matsuzaki Y, Sugawara K, Takashita E, Muraki Y, Hongo S, 

Katsushima N, Mizuta K, Nishimura H. Genetic diversity of 

influenza B virus: the frequent reassortment and 

cocirculation of the genetically distinct reassortant viruses in 

a community. J Med Virol. 2004;74(1):132-40. 

Moon JH, Na JY, Kim JH, Yum MK, Oh JW, Kim CR, Seol IJ. 

Neurological and muscular manifestations associated with 

influenza B infection in children. Pediatr Neurol. 

2013;49(2):97-101. 

Ohishi K, Ninomiya A, Kida H, Park CH, Maruyama T, Arai T, 

Katsumata E, Tobayama T, Boltunov AN, Khuraskin LS, 

Miyazaki N. Serological evidence of transmission of human 

influenza A and B viruses to Caspian seals (Phoca caspica). 

Microbiol Immunol. 2002;46(9):639-44. 

Osterhaus AD, Rimmelzwaan GF, Martina BE, Bestebroer TM, 

Fouchier RA. Influenza B virus in seals. Science. 

2000;288(5468):1051-3. 

Paniker CK, Nair CM. Experimental infection of animals with 

influenzavirus types A and B. Bull World Health Organ. 

1972;47(4):461-3. 

Paul Glezen W, Schmier JK, Kuehn CM, Ryan KJ, Oxford J. The 

burden of influenza B: a structured literature review. Am J 

Public Health. 2013;103(3):e43-e51. 

Pica N, Chou YY, Bouvier NM, Palese P. Transmission of 

influenza B viruses in the guinea pig. J Virol. 

2012;86(8):4279-87. 

Ran Z, Shen H, Lang Y, Kolb EA, Turan N, Zhu L et al. 

Domestic pigs are susceptible to infection with influenza B 

viruses. J Virol. 2015;89(9):4818-26. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 39 of 41 

Romvary J, Meszaros J, Barb K. Susceptibility of birds to type-B 

influenza virus. Acta Microbiol Acad Sci Hung. 

1980;27(4):279-87. 

Сазонов А А. Лвов D Қ Закстслкая Л Я, Щернецов Ю В, 

Оброзова-Серова Н П. Зқология вирус 1973;1:46. 

(Sazonov AA., Lvov DK, Zakstelkaya LY, Zshernetsov, YV, 

Obrozova-Serova NP. Ekologija Virus. 1973;1:46.) 

Shaw MW, Xu X, Li Y, Normand S, Ueki RT, Kunimoto GY, 

Hall H, Klimov A, Cox NJ, Subbarao K. Reappearance and 

global spread of variants of influenza B/Victoria/2/87 lineage 

viruses in the 2000-2001 and 2001-2002 seasons. Virology. 

2002;303(1):1-8. 

Солоукин В З. Қаштанова Л В, Шумко В В. Зқология вирус 

1973;1:163. (Soloukin VZ, Kashtanova LB, Shumko VV. 

Ekologija Virus. 1973;1:65.) 

Takatsy G, Farkas E, Romvary J. Susceptibility of the domestic 

pig to influenza B virus. Nature. 1969;222(5189):184-5. 

Takatsy G, Romvary J, Farkas E. Susceptibility of the domestic 

swine to influenza B virus. Acta Microbiol Acad Sci Hung. 

1967;14(3):309-15.  

Титова С.М. Вол. мед. вирус. 1954;4:114. (Titova SM. Vop 

Med Virus. 1954;4:114.) 

Todd JD, Cohen D. Studies of influenza in dogs. I. Susceptibility 

of dogs to natural and experimental infection with human A2 

and B strains of influenza virus. Am J Epidemiol. 

1968;87(2):426-39. 

Tsai CP, Tsai HJ. Influenza B viruses in pigs, Taiwan. Influenza 

Other Respir Viruses. 2019;13(1):91-105.  

Vijaykrishna D, Holmes EC, Joseph U, Fourment M, Su YC, 

Halpin R et al. The contrasting phylodynamics of human 

influenza B viruses. Elife. 2015;4:e05055. 

Щернецов Ю В, Слепискин АН, Сазонов А А., Гонсовекий Ф 

Қ Оброзова-Серова Н П., Лвов D Қ Пишина Т В, 

Закстслкая Л Я. Зқология вирус 1973;1:53. (Zshernetsov 

YV, Slepiskin AN, Sazonov AA, Gonsovskiy FK, Obrozova-

Serova NP, Lvov DK, Pishina TV, Zakstelkaya LR. 

Ekologija Virus. 1973;1:53.) 

Influenza C 

Atkinson KV, Bishop LA, Rhodes G, Salez N, McEwan NR, 

Hegarty MJ, Robey J, Harding N, Wetherell S, Lauder RM, 

Pickup RW, Wilkinson M, Gatherer D. Influenza C in 

Lancaster, UK, in the winter of 2014-2015. Sci Rep. 

2017;7:46578.  

Brown IH, Harris PA, Alexander DJ. Serological studies of 

influenza viruses in pigs in Great Britain 1991-2. Epidemiol 

Infect. 1995;114(3):511-20. 

Calvo C, Garcia-Garcia ML, Centeno M, Perez-Brena P, Casas I. 

Influenza C virus infection in children, Spain. Emerg Infect 

Dis. 2006;12(10):1621-2. 

Fritsch A, Schweiger B, Biere B. Influenza C virus in pre-school 

children with respiratory infections: retrospective analysis of 

data from the national influenza surveillance system in 

Germany, 2012 to 2014. Euro Surveill. 

2019;24(10):1800174.  

Gouarin S, Vabret A, Dina J, Petitjean J, Brouard J, Cuvillon-

Nimal D, Freymuth F. Study of influenza C virus infection in 

France. J Med Virol. 2008;80(8):1441-6. 

Greenbaum E, Morag A, Zakay-Rones Z. Isolation of influenza 

C virus during an outbreak of influenza A and B viruses. J 

Clin Microbiol. 1998;36(5):1441-2. 

Guo YJ, Jin FG, Wang P, Wang M, Zhu JM. Isolation of influenza 

C virus from pigs and experimental infection of pigs with 

influenza C virus. J Gen Virol. 1983;64 (Pt 1):177-82. 

Homma M, Ohyama S, Katagiri S. Age distribution of the 

antibody to type C influenza virus. Microbiol Immunol. 

1982;26(7):639-42. 

Kauppila J, Ronkko E, Juvonen R, Saukkoriipi A, Saikku P, 

Bloigu A, Vainio O, Ziegler T. Influenza C virus infection in 

military recruits--symptoms and clinical manifestation. J 

Med Virol. 2014;86(5):879-85. 

Kimura H, Abiko C, Peng G, Muraki Y, Sugawara K, Hongo S, 

Kitame F, Mizuta K, Numazaki Y, Suzuki H, Nakamura K. 

Interspecies transmission of influenza C virus between 

humans and pigs. Virus Res. 1997;48(1):71-9. 

Manuguerra JC, Hannoun C. Natural infection of dogs by 

influenza C virus. Res Virol. 1992;143(3):199-204. 

Manuguerra JC, Hannoun C, Simon F, Villar E, Cabezas JA. 

Natural infection of dogs by influenza C virus: a serological 

survey in Spain. New Microbiol. 1993;16(4):367-71. 

Matsuzaki Y, Abiko C, Mizuta K, Sugawara K, Takashita E, 

Muraki Y et al. A nationwide epidemic of influenza C virus 

infection in Japan in 2004. J Clin Microbiol. 2007;45(3):783-8. 

Matsuzaki Y, Katsushima N, Nagai Y, Shoji M, Itagaki T, 

Sakamoto M, Kitaoka S, Mizuta K, Nishimura H. Clinical 

features of influenza C virus infection in children. J Infect 

Dis. 2006;193(9):1229-35. 

Matsuzaki Y, Mizuta K, Sugawara K, Tsuchiya E, Muraki Y, 

Hongo S, Suzuki H, Nishimura H. Frequent reassortment 

among influenza C viruses. J Virol. 2003;77(2):871-81. 

Matsuzaki Y, Sugawara K, Mizuta K, Tsuchiya E, Muraki Y, 

Hongo S, Suzuki H, Nakamura K. Antigenic and genetic 

characterization of influenza C viruses which caused two 

outbreaks in Yamagata City, Japan, in 1996 and 1998. J Clin 

Microbiol. 2002;40(2):422-9. 

Minuse E, Quilligan JJ, Francis T. Type C influenza virus. 1. 

Studies of the virus and its distribution. J Lab Clin Med. 

1954;43:31-42. 

Muraki Y, Hongo S. The molecular virology and reverse genetics 

of influenza C virus. Jpn J Infect Dis. 2010;63(3):157-65.  

Nesmith N, Williams JV, Johnson M, Zhu Y, Griffin M, Talbot 

HK. Sensitive diagnostics confirm that influenza C is an 

uncommon cause of medically attended respiratory illness in 

adults. Clin Infect Dis. 2017;65(6):1037-9. 

Nishimura H, Sugawara K, Kitame F, Nakamura K, Sasaki H. 

Prevalence of the antibody to influenza C virus in a northern 

Luzon Highland Village, Philippines. Microbiol Immunol. 

1987;31(11):1137-43. 

Nissly RH, Zaman N, Ibrahim PAS, McDaniel K, Lim L, Kiser 

JN, Bird I, Chothe SK, Bhushan GL, Vandegrift K, Neibergs 

HL, Kuchipudi SV. Influenza C and D viral load in cattle 

correlates with bovine respiratory disease (BRD): Emerging 

role of orthomyxoviruses in the pathogenesis of BRD. 

Virology. 2020;551:10-5. 

O'Callaghan RJ, Gohd RS, Labat DD. Human antibody to 

influenza C virus: its age-related distribution and distinction 

from receptor analogs. Infect Immun. 1980;30(2):500-5. 

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 40 of 41 

Ohwada K, Kitame F, Homma M. Experimental infections of 

dogs with type C influenza virus. Microbiol Immunol. 

1986;30(5):451-60. 

Ohwada K, Kitame F, Sugawara K, Nishimura H, Homma M, 

Nakamura K. Distribution of the antibody to influenza C 

virus in dogs and pigs in Yamagata Prefecture, Japan. 

Microbiol Immunol. 1987;31(12):1173-80. 

Pabbaraju K, Wong S, Wong A, May-Hadford J, Tellier R, 

Fonseca K. Detection of influenza C virus by a real-time RT-

PCR assay. Influenza Other Respir Viruses. 2013;7(6):954-60. 

Ramos AP, Herrera BA, Ramirez OV, Valdes CS, Hernandez 

AG, Gonzalez G, Baez GG. Detection of influenza C during 

an outbreak at an internal school, using a molecular tool; 

Havana, Cuba, September 2006. Int J Infect Dis. 

2008;12(6):e129-e130. 

Salem E, Cook EAJ, Lbacha HA, Oliva J, Awoume F, Aplogan 

GL, Hymann EC, Muloi D, Deem SL, Alali S, Zouagui Z, 

Fèvre EM, Meyer G, Ducatez MF. Serologic evidence for 

influenza C and D virus among ruminants and camelids, 

Africa, 1991–2015. Emerg Infect Dis. 2017;23(9):1556-9.  

Salez N, Melade J, Pascalis H, Aherfi S, Dellagi K, Charrel RN, Carrat 

F, de L, X. Influenza C virus high seroprevalence rates observed in 

3 different population groups. J Infect. 2014;69(2):182-9. 

Sederdahl BK, Williams JV. Epidemiology and clinical 

characteristics of influenza C virus. Viruses. 2020;12(1):89.  

Takayanagi M, Umehara N, Watanabe H, Kitamura T, Ohtake 

M, Nishimura H, Matsuzaki Y, Ichiyama T. Acute 

encephalopathy associated with influenza C virus infection. 

Pediatr Infect Dis J. 2009;28(6):554. 

Takiguchi K, Tashiro M, Nakamura K. Influenza C virus 

infection in rats. Microbiol Immunol. 1990;34(1):35-44. 

Yamaoka M, Hotta H, Itoh M, Homma M. Prevalence of 

antibody to influenza C virus among pigs in Hyogo 

Prefecture, Japan. J Gen Virol. 1991;72 (Pt 3):711-4. 

Yano T, Maeda C, Akachi S, Matsuno Y, Yamadera M, 

Kobayashi T et al. Phylogenetic analysis and seroprevalence 

of influenza C virus in Mie prefecture, Japan in 2012. Jpn J 

Infect Dis. 2014;67(2):127-31. 

Youzbashi E, Marschall M, Chaloupka I, Meier-Ewert H. 

[Distribution of influenza C virus infection in dogs and pigs 

in Bavaria]. Tierarztl Prax. 1996;24(4):337-42. 

Yuanji G, Desselberger U. Genome analysis of influenza C 

viruses isolated in 1981/82 from pigs in China. J Gen Virol. 

1984;65 ( Pt 11):1857-72. 

Zhang H, Porter E, Lohman M, Lu N, Peddireddi L, Hanzlicek 

G, Marthaler D, Liu X, Bai J. Influenza C virus in cattle with 

respiratory disease, United States, 2016-2018. Emerg Infect 

Dis. 2018;24(10):1926-9. 

Influenza D 

Alvarez IJ, Fort M, Pasucci J, Moreno F, Gimenez H, Näslund K, 

Hägglund S, Zohari S, Valarcher JF. Seroprevalence of 

influenza D virus in bulls in Argentina. J Vet Diagn Invest. 

2020;32(4):585-8.  

Chiapponi C, Faccini S, De MA, Baioni L, Barbieri I, Rosignoli C, 

Nigrelli A, Foni E. Detection of influenza D virus among 

swine and cattle, Italy. Emerg Infect Dis. 2016;22(2):352-4. 

Collin EA, Sheng Z, Lang Y, Ma W, Hause BM, Li F. 

Cocirculation of two distinct genetic and antigenic lineages 

of proposed influenza D virus in cattle. J Virol. 

2015;89(2):1036-42. 

Ducatez MF, Pelletier C, Meyer G. Influenza D virus in cattle, 

France, 2011-2014. Emerg Infect Dis. 2015;21(2):368-71. 

Ferguson L, Olivier AK, Genova S, Epperson WB, Smith DR, 

Schneider L, Barton K, McCuan K, Webby RJ, Wan XF. 

Pathogenesis of influenza D virus in cattle. Virol. 

2016;90(12):5636-42. 

Gorin S, Fablet C, Quéguiner S, Barbier N, Paboeuf F, Hervé S, 

Rose N, Simon G. Assessment of influenza D virus in 

domestic pigs and wild boars in France: apparent limited 

spread within swine populations despite serological evidence 

of breeding sow exposure. Viruses. 2019;12(1):25.  

Guan M, Jacobson O, Sarafianos G, Baroch J, Deliberto TJ, Wan 

XF. Exposure of white-tailed deer in North America to 

influenza D virus. Virology. 2022;573:111-7. 

Hause BM, Collin EA, Liu R, Huang B, Sheng Z, Lu W, Wang 

D, Nelson EA, Li F. Characterization of a novel influenza 

virus in cattle and swine: proposal for a new genus in the 

Orthomyxoviridae family. MBio. 2014;5(2):e00031-14. 

Hause BM, Ducatez M, Collin EA, Ran Z, Liu R, Sheng Z, 

Armien A, Kaplan B, Chakravarty S, Hoppe AD, Webby RJ, 

Simonson RR, Li F. Isolation of a novel swine influenza 

virus from Oklahoma in 2011 which is distantly related to 

human influenza C viruses. PLoS Pathog. 

2013;9(2):e1003176. 

Huang C, Yu J, Hause BM, Park JY, Sreenivasan C, Uprety T, 

Sheng Z, Wang D, Li F. Emergence of new phylogenetic 

lineage of Influenza D virus with broad antigenicity in 

California, United States. Emerg Microbes Infect. 

2021;10(1):739-42.  

Jiang WM, Wang SC, Peng C, Yu JM, Zhuang QY, Hou GY, Liu 

S, Li JP, Chen JM. Identification of a potential novel type of 

influenza virus in bovine in China. Virus Genes. 

2014;49(3):493-6. 

Lee J, Wang L, Palinski R, Walsh T, He D, Li Y, Wu R, Lang Y, 

Sunwoo SY, Richt JA, Ma W. Comparison of pathogenicity 

and transmissibility of influenza B and D viruses in pigs. 

Viruses. 2019;11(10):905.  

Leibler JH, Abdelgadir A, Seidel J, White RF, Johnson WE, 

Reynolds SJ, Gray GC, Schaeffer JW. Influenza D virus 

exposure among US cattle workers: a call for surveillance. 

Zoonoses Public Health. 2023;70:166-70Liu R, Sheng Z, 

Huang C, Wang D, Li F. Influenza D virus. Curr Opin Virol. 

2020;44:154-61. 

Murakami S, Odagiri T, Melaku SK, Bazartseren B, Ishida H, 

Takenaka-Uema A, Muraki Y, Sentsui H, Horimoto T. 

Influenza D virus infection in dromedary camels, Ethiopia. 

Emerg Infect Dis. 2019;25(6):1224-6.  

Nedland H, Wollman J, Sreenivasan C, Quast M, Singrey A, 

Fawcett L, Christopher-Hennings J, Nelson E, Kaushik RS, 

Wang D, Li F. Serological evidence for the co-circulation of 

two lineages of influenza D viruses in equine populations of 

the Midwest United States. Zoonoses Public Health. 

2018;65(1):e148-54.  

http://www.cfsph.iastate.edu/


Influenza 

 

www.cfsph.iastate.edu  © 2005-2024 page 41 of 41 

Nissly RH, Zaman N, Ibrahim PAS, McDaniel K, Lim L, Kiser 

JN, Bird I, Chothe SK, Bhushan GL, Vandegrift K, Neibergs 

HL, Kuchipudi SV. Influenza C and D viral load in cattle 

correlates with bovine respiratory disease (BRD): Emerging 

role of orthomyxoviruses in the pathogenesis of BRD. 

Virology. 2020;551:10-5. 

Salem E, Cook EAJ, Lbacha HA, Oliva J, Awoume F, Aplogan 

GL, Hymann EC, Muloi D, Deem SL, Alali S, Zouagui Z, 

Fèvre EM, Meyer G, Ducatez MF. Serologic evidence for 

influenza C and D virus among ruminants and camelids, 

Africa, 1991–2015. Emerg Infect Dis. 2017;23(9):1556-9.  

Salem E, Hägglund S, Cassard H, Corre T, Näslund K, Foret C, 

Gauthier D, Pinard A, Delverdier M, Zohari S, Valarcher JF, 

Ducatez M, Meyer G. Pathogenesis, host innate immune 

response, and aerosol transmission of influenza D virus in 

cattle. J Virol. 2019;93(7):e01853-18.  

Sanogo IN, Kouakou C, Batawui K, Djegui F, Byarugaba DK, et 

al. Serological surveillance of influenza D virus in ruminants 

and swine in West and East Africa, 2017-2020. Viruses. 

2021;13(9):1749. 

Sheng Z, Ran Z, Wang D, Hoppe AD, Simonson R, Chakravarty 

S, Hause BM, Li F. Genomic and evolutionary 

characterization of a novel influenza-C-like virus from 

swine. Arch Virol. 2014;159(2):249-55. 

Smith DB, Gaunt ER, Digard P, Templeton K, Simmonds P. 

Detection of influenza C virus but not influenza D virus in 

Scottish respiratory samples. J Clin Virol. 2016;74:50-3. 

Sreenivasan CC, Uprety T, Reedy SE, Temeeyasen G, Hause 

BM, Wang D, Li F, Chambers TM. Experimental infection of 

horses with influenza D virus. Viruses. 2022;14(4):661. 

Su S, Fu X, Li G, Kerlin F, Veit M. Novel influenza D virus: 

epidemiology, pathology, evolution and biological 

characteristics. Virulence. 2017;8(8):1580-91. 

Trombetta CM, Marchi S, Manini I, Kistner O, Li F, Piu P, 

Manenti A, Biuso F, Sreenivasan C, Druce J, Montomoli E. 

Influenza D virus: Serological evidence in the Italian 

population from 2005 to 2017. Viruses. 2019;12(1):30.  

Trombetta CM, Montomoli E, Di Bartolo I, Ostanello F, Chiapponi 

C, Marchi S. Detection of antibodies against influenza D virus 

in swine veterinarians in Italy in 2004. J Med Virol. 2021 Nov 

23. doi: 10.1002/jmv.27466. [Online ahead of print]. 

Yu J, Li F, Wang D. The first decade of research advances in 

influenza D virus. J Gen Virol. 2021;102(1):jgv001529.  

Zhai S-L, Zhang H, Chen S-N, Zhou X, Lin T, Liu R, Lv D-H, 

Wen X-H, Wei1 W-K, Wang D, Li F. Influenza D virus in 

animal species in Guangdong Province, southern China. 

Emerg Infect Dis. 2017;23:1392-6. 

 

*Link defunct 

http://www.cfsph.iastate.edu/

	Influenza
	Importance
	Etiology
	Nomenclature of influenza virus strains
	Influenza A viruses
	Variability and change in influenza A viruses
	Acquisition and loss of influenza viruses  in a species
	Avian Influenza viruses
	Human influenza A viruses
	Swine influenza viruses
	Equine influenza viruses
	Canine influenza viruses
	Bat influenza viruses

	Influenza B viruses
	Influenza C viruses
	Influenza D viruses

	Species Affected
	Avian influenza viruses
	Human influenza viruses
	Swine influenza viruses
	Equine influenza viruses
	Canine influenza viruses
	Bat influenza viruses
	Influenza B viruses
	Influenza C viruses
	Influenza D viruses
	Zoonotic potential of influenza viruses

	Geographic Distribution
	Transmission
	Survival of influenza viruses in the environment

	Disinfection

	Infections in Animals
	Incubation Period
	Clinical Signs
	Influenza A viruses in incidental hosts
	Human influenza A viruses in animals

	Influenza B
	Influenza C
	Influenza D

	Post Mortem Lesions  Click to view images
	Diagnostic Tests
	Treatment
	Control
	Disease reporting
	Prevention
	Vaccines


	Morbidity and Mortality

	Infections in Humans
	Incubation Period
	Clinical Signs
	Seasonal human influenza
	Influenza viruses from animals

	Diagnostic Tests
	Treatment
	Prevention
	Morbidity and Mortality
	Human influenza A and B viruses
	Influenza C
	Zoonotic influenza


	Internet Resources
	Acknowledgements
	References
	General References
	Disinfection and Virus Survival in the Environment
	Avian Influenza
	Swine Influenza
	Equine Influenza
	Canine Influenza
	Bat Influenza
	Human Influenza A
	Influenza B
	Influenza C
	Influenza D


