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Importance

Swine influenza is an acute respiratory disease caused by influenza A viruses that
circulate among pigs. The morbidity rate is usually high, and the case fatality rate
low, but more severe outbreaks may be seen, and reduced growth rates in young pigs
can cause economic losses.”” Swine influenza viruses occasionally affect other
species including turkeys, mink, ferrets and humans.>*®%* In people, clinical cases
have tended to resemble human influenza,?*691213.172122243541 \1ost of these cases
were not life-threatening, although serious and fatal illnesses do occur,?3691214.16-
19.21,22.243442 q\vine influenza viruses are not usually transmitted efficiently in human
populations. Most infections are limited to the person who had contact with pigs,
although viruses have occasionally spread to family members or others in close
contact,*0:912141724.35-3943 Qna |arge outbreak at a U.S. military base in the 1970s was
propagated by person-to-person transmission, but the virus did not spread to the
community.>®*21% Nevertheless, these viruses are capable of adapting to humans in
rare instances. The 2009-2010 human pandemic was caused by a virus that appears to
have resulted from genetic reassortment between North American and Eurasian swine
influenza viruses.***® This virus now circulates in human populations worldwide as a
seasonal influenza virus. People have transmitted it to herds of pigs, and it has
reassorted with various swine influenza viruses.?”“*2 These events and other changes
in swine influenza viruses have generated increased viral diversity, especially in
North America, where effective vaccination of pigs has become more difficult as a
result. The number of swine influenza cases reported in humans has also increased
recently, particularly in the U.S. where many infections were acquired from pigs at
agricultural fairs.*>*® Whether this increase is due to genetic changes in the viruses
circulating among pigs, increased surveillance for novel influenza viruses in humans,
or a combination of factors is still uncertain,®*6364

Etiology

Swine influenza viruses belong to the species influenza A virus, genus
Influenzavirus A, and family Orthomyxoviridae. Other influenza A viruses circulate in
birds (avian influenza viruses), horses and other equids (equine influenza viruses),
people (human influenza A viruses) or dogs (canine influenza viruses). Influenza A
viruses are classified into subtypes based on two surface proteins, the hemagglutinin
(HA) and neuraminidase (NA). A virus that has a type 1 HA and type 2 NA, for
example, would have the subtype HIN2. At least 16 types of hemagglutinins (H1 to
H16), and 9 neuraminidases (N1 to N9) are known to exist in birds, and two
additional HA and NA types occur in bats, while small subsets of avian subtypes
circulate in other mammals.®®% The HA, and to a lesser extent the NA, are major
targets for the immune response, and there is ordinarily little or no cross-protection
between different HA or NA types.®*"®

Influenza A viruses are very diverse, and two viruses that share a subtype may be
only distantly related. The high variability is the result of two processes, mutation and
genetic reassortment. Mutations cause gradual changes in the HA and NA proteins of
the virus, a process called ‘antigenic drift.”* Once these proteins have changed
sufficiently, immune responses against the former HA and NA may no longer be
protective.

Genetic reassortment can cause more rapid changes. The influenza A genome
consists of 8 individual gene segments,”’” and when two different viruses infect the
same cell, gene segments from both viruses may be packaged into a single, novel
virion. This can occur whenever two influenza viruses replicate in the same cell,
whether the viruses are adapted to the same host species (e.g., two different swine
influenza viruses) or originally came from different hosts (for instance, an avian
influenza virus and a swine influenza virus). An important aspect of reassortment is
that it can generate viruses containing either a new HA, a new NA, or both. Such
abrupt changes, called ‘antigenic shifts,” may be sufficient for the novel virus to
completely evade the existing immunity in its host species. Antigenic shifts can also
occur if one species acquires an influenza virus ‘whole’ from another, or if a virus
disappears for a time and is maintained in another host species, then re-emerges in the
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original host.*® For example, human viruses can continue to
circulate in pigs and could re-emerge into the human
population.®”*®® Genetic reassortment can also cause
smaller changes in viruses, such as the acquisition of a
slightly different HA or NA from another virus circulating
in the same species, or a different internal protein.

Subtypes and diversity in swine influenza
viruses

At present, diverse viruses of the subtypes HIN1,
HIN2 and H3N2 circulate in swine populations, although
other subtypes have transiently infected pigs in limited
locations.®052%481-90 \While the subtypes circulating on
each continent are the same, the viruses themselves are
different,0°25481828892 i nowledge about the viruses
circulating among pigs in the present or the past can be
incomplete. Surveillance programs were rare in the past,
and while such programs have now been implemented in
some areas, they may detect only a portion of the
circulating viruses..

North America

The first influenza virus to be recognized in pigs was
an HINI1 virus known as the ‘classical’ swine influenza
virus.}?%% pigs are thought to have acquired this virus in
1918, at the same time as the severe ‘Spanish flu’ pandemic
in humans,®®20818294% L1N1 viruses seem to have been
transmitted between people and pigs during this
pandemic,*” and although the origin of the virus in pigs it
still uncertain, some evidence suggests that they might have
acquired it from people.?®*® H1N1 viruses circulated in both
species after this time, but diverged genetically in the two
host populations.?*’

The classical HIN1 swine influenza virus was the
major virus among swine populations in North America for
approximately 70 years.®® Low levels of H3 viruses
acquired from humans were also detected during this
period, and some of these viruses circulated locally for at
least a year; however, they did not become established as
stable, widespread lineages in pigs.®*® One recent example
is an H3N2 virus of wholly human origins, which may have
entered a Canadian swine population around 2000-2002,
although it was first recognized in 2009.% Triple reassortant
H3N2 viruses first emerged in North American pigs in the
late 1990s, mainly in the U.S. Midwest, and spread to other
regions 1388399102 These viryses contain HA and NA
derived from human influenza viruses, and internal proteins
from the classical swine influenza virus, an avian influenza
virus and a human influenza virus.'® The particular
combination of internal genes carried by these viruses is
known as the triple reassortant internal gene (TRIG)
cassette. Viruses that contain this cassette seem to be prone
to increased antigenic drift.” They also seem to readily
acquire new HA and NA genes, which has resulted in new
TRIG-containing viruses with various combinations of H1,
H3, N1 or N2 from additional human influenza viruses,
and/or H1 and N1 from the classical swine influenza
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virus." 8788103105 The 2009 pandemic HIN1 virus from
people has also infected some herds, and it has reassorted
with other viruses found in swine.””**®* As a result, North
American HIN1, HIN2 and H3N2 swine influenza viruses
have become very diverse, and they are continuing to
evolve and change in prevalence.” 1878103104106 At present,
the North American lineage H3 viruses can be divided into
four distinct clusters (I, I1, 111 and 1V), which arose from at
least three separate introductions of H3 human influenza
viruses into pigs,®'® while the H1 viruses belong to the
phylogenetic clusters a, B, v, 61 and 82, which have limited
cross-reactivity. %

Other influenza variants and subtypes, such as H2N3
and H3N1 viruses, have been detected occasionally in
North American herds, but did not become established in
swine populations.>*#

Europe

Different HIN1, HIN2 and H3N2 swine influenza
viruses circulate in Europe. While some viruses are
widespread, there is regional variability, and some variants
only occur in limited areas.??®#9-%* The classical HIN1
swine influenza virus was found in Europe at one time
(although records of its isolation and times of circulation
are scarce), but an HIN1 virus of wholly avian origins has
become widespread since the 1970s,%°254818289,91,92,107-111
The 2009 pandemic H1N1 virus and its reassortants have
also been detected frequently, and currently seem to be
maintained in some populations of pigs.>*°58%9192110
Several HIN2 viruses also circulate, either transiently or
long-term.®>4%°89.91.92107.110112 \/arjoys human-origin H3N2
viruses have been detected sporadically, and some of these
viruses have circulated for a time; however, a reassortant
that contains human-origin H3 and N2 and internal gene
segments from the avian-origin HIN1 virus has now
become the dominant H3N2 swine influenza virus in much
of Europe.®%8991.92107110 Aqditional subtypes (e.g., H3N1
viruses) are also found occasionally.>**%3  One
particularly unique variant was an HIN7 virus, which was
apparently a reassortant between swine and equine
influenza viruses.***'° One isolate with gene segments
comparable to North American TRIG-containing viruses
was detected recently.™) However, such viruses are not
common in Europe, and virus diversity is not thought to be
as extensive as in North America. Nevertheless, the
introduction of pandemic H1IN1 appears to have resulted in
new opportunities for reassortment.”> In 2010-2013,
approximately 14% of the viruses analyzed during passive
surveillance were reassortants between pandemic H1N1
and/or the major swine influenza lineages.”> A previous
analysis of the viruses isolated from several countries in
2006-2008 found that only 3% were novel.*

Asia
Information about swine influenza viruses in Asia is

limited, especially for some regions, but HIN1, H3N2 and
H1N2 viruses are known to circulate. Various North
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American and European lineage viruses belonging to these
three subtypes have been reported, as well as reassortants
between North American and Eurasian lineages, and viruses
unique to Asia 22°380829014117 goma of these viruses
contain the North American TRIG cassette. Some viruses
have infected Asian pigs only transiently, and different
swine influenza viruses may predominate in different
regions.®*® One notable Asian-origin HIN2 virus caused a
major outbreak in Japan in 1989-1990, became established
in Japanese swine populations, and has spread to some
other countries.’*®* It is a reassortant between the classical
HIN1 virus and early human-like H3N2 viruses.”* The
pandemic HIN1 virus, as well as its reassortants, have been
found, and novel subtypes (e.g., H3N1 viruses) have been
isolated occasionally.>**3118:119

Avian influenza viruses have been detected a number
of times in Asian pigs. HON2 viruses and Asian lineage
H5N1 highly pathogenic avian influenza (HPAI) viruses
from poultry have been documented most often, but other
subtypes(e.g., H4, H5N2, H6N6, H7, H10N5, H11N2),
have been isolated, and antibodies to avian H3, H4, H5, H6
and H9 viruses occur in some herds.¥°2°3120-131 \Whether a
virus is circulating in pigs or represents a one-time event
can sometimes be difficult to determine without long-term
surveillance, which is not always available.®> However,
these avian influenza viruses seem to infect herds only
transiently at present, although the H9 and H5 viruses have
been introduced repeatedly.>** One outbreak in China was
caused by an H3N8 equine influenza virus.** An extensive
analysis conducted in Hong Kong abattoirs, where the
majority of the pigs originate from China, suggests that
swine influenza viruses reassort frequently, but only a few
of these viruses persist, and that the population of viruses
gradually changes.®® This is also likely to be true of other
regions and continents.

Other regions

At present, there is limited information about swine
influenza viruses in other regions, such as Latin America or
Africa. H3N2 and H1N1 viruses are known to circulate in
Latin America, although genetic characterization has rarely
been reported.** A recent study found that the composition
of viruses in northwestern Mexico included H3N2 viruses
similar to those in the U.S., and H1N1 viruses that had 89%
nucleotide identity with U.S. viruses.*** One H3N2 virus
isolated from an outbreak of respiratory disease in
Argentina was of wholly human influenza virus origins,
although it was highly transmissible in pigs.**® Whether this
was a limited outbreak, or the virus circulates there in swine
populations is not known. Pandemic HIN1 virus and/or its
reassortants with human-like HIN1 swine influenza
viruses, as well as a reassortant human-like HIN2 influenza
virus, have been detected in Argentina and Brazil. #6213
H1 viruses were documented in one report from Africa, and
some recent studies report the presence of 2009 pandemic
H1N1 virus there in pigs.***%"13
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Influenza B and C viruses in pigs

Serological and virological evidence indicates that
influenza B and C viruses from humans can occasionally
infect pigs. 36139145146 cited in 145 Athough  serological
evidence suggested that one outbreak in pigs might have
been caused by influenza B viruses acquired from
humans, 46 €edin 15 ey herimentally infected pigs had mild or
no clinical signs.***'* A novel cattle-associated influenza
C-like virus, with the proposed designation “influenza D”
has been found in some pigs with respiratory signs,
although they are not thought to be reservoir hosts.**’4°
For further information on influenza B, C and D viruses,
please see the ‘Influenza’ factsheet.

Species Affected

Swine influenza viruses mainly affect pigs, but some
viruses can also cause disease in turkeys, ferrets and
mink. 3#101.26%8 Once 3 virus has entered turkey flocks, it
can propagate within this species.®> Some viruses in
turkeys, but not others, can be transmitted back to pigs.*
Chicken flocks infected with swine influenza viruses have
not been reported, and these viruses do not seem to
replicate efficiently in experimentally infected chickens.*
One H1IN1 swine influenza virus, which was avirulent for
both poultry and pigs, was isolated from a duck in Hong
Kong,™ and ducks can be infected experimentally.™ Two
H3N2 viruses isolated from pet dogs in China had high
homology to human-like H3N2 swine influenza viruses.™
Experimental infections have been reported in calves, ">
and in a recent study, antibodies to H3 viruses found in
cattle might have be caused by exposure to swine influenza
viruses, although definitive identification of the virus
source was not possible.*

Zoonotic Potential

Infections with various HIN1, H3N2 and H1IN2 swine
influenza  viruses are reported sporadically in
humans.®6:89:12-25.34-37.426315515 1t s nossible that certain
genotypes are more likely to infect people. Many recent
infections in the U.S. were caused by North American triple
reassortant H3N2 viruses (and occasionally other subtypes)
that contained the ‘M’ gene from the 2009 pandemic HIN1
virus.*3%% (The M gene codes for the viral matrix
proteins.) While there is evidence for limited person-to-
person transmission of some swine influenza viruses,
including one large outbreak at the Fort Dix military base in
the 1970s,361217:24353943 tha only virus known to have
adapted to humans is the 2009 pandemic H1N1 virus.

The 2009 pandemic H1N1 virus

In 2009, a novel HIN1 virus emerged in human
populations.****%%57 Thjs virus appears to be a reassortant
between North American HIN2 and Eurasian HIN1 swine
influenza viruses; it contains an HA that is most closely
related to swine influenza viruses in North America, an NA
that is related to swine influenza viruses in Eurasia, and
internal proteins from two or more swine influenza viruses
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including the North American triple reassortant H3N2
viruses and a Eurasian virus.*** This virus caused a human
pandemic in 2009-2010, then became established as a
seasonal human influenza virus. It is currently the
predominant HIN1 virus circulating in people.™®® For
further information about the effects of this virus on
humans and animals other than pigs, please see the
‘Influenza’ factsheet.

Geographic Distribution

Swine influenza has been reported from North and
South America, Europe, parts of Asia and Africa.>>*>*828
Swine influenza viruses are thought to be enzootic in most
areas that have dense populations of pigs,™® but they might
remain undetected in some regions, as infected herds can be
asymptomatic or have only mild clinical signs.

Transmission

In mammals, influenza viruses are transmitted in
droplets and aerosols created by coughing and sneezing,
and by contact with nasal discharges, either directly or on
fomites.t3#2082160161 \while most viruses are thought to
enter the body through the respiratory tract, the eye might
act as an additional entry point, based on evidence from
humans and laboratory animals.’®**%® Close contact and
closed environments favor transmission. One group found
no evidence for transplacental transmission of swine
influenza viruses in pigs.*®

The relative importance of the various routes in each
host species is still incompletely understood, but swine
influenza viruses are thought to be transmitted between
pigs mainly during direct contact, and to a lesser extent on
fomites.*®*®” Virus shedding can begin within 1-3 days
after infection, and typically continues for 4-5 days and up
to 7-10 days.?*#21%8 While there are rare reports of pigs
that shed viruses for as long as four months,®®? this is
unusual, and long-term carrier pigs do not seem to exist or
play any role in virus maintenance.’®'®® There is some
evidence that aerosol transmission might be possible, at
least within densely populated pig barns, and possibly
over longer distances in swine-dense regions.®":*9170
Swine influenza viruses have been isolated from air
samples inside barns and immediately outside exhaust
fans.’® Based on RNA quantification, the amount of virus
decreases significantly with distance outside the
barn.***!™ One study found small amounts of viral RNA
up to 2 km downwind of infected barns.*®® Another group
did not detect viral RNA in samples taken outside barns
during influenza outbreaks, at a distance of 25 m either
upwind or downwind.*"

Carnivores such as mink and ferrets might be infected
by feeding tissues from pigs or swine influenza virus-
infected turkeys, although this is still speculative.'®**?
Other possible sources of exposure, such as nearby pig
farms, were also found in some outbreaks. '
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Environmental survival of influenza viruses can differ
with the type of surface, ambient conditions and presence of
organic matter. Low temperatures and protection from
sunlight enhance survival.""**"" Swine influenza viruses
were inactivated in untreated pig slurry in 1-2.5 hours at 50-
55°C (122-131°F), 2 weeks at 20°C (68°F), and 9 weeks at
5°C (41°F).'" Their persistence on fomites or in water is
likely to be similar to other mammalian influenza viruses.
Human influenza A viruses seem to remain viable for less
than 24-48 hours on most surfaces, with recovery from
porous surfaces sometimes lasting less than 8-12 hours.*™®
182 Nevertheless, some data indicate that influenza viruses
might survive longer on some fomites or in some
conditions.*®® Avian influenza viruses and human influenza
A viruses can persist for weeks or months in some types of
water (e.g., distilled), although they might be inactivated
faster in aquatic environments that contain normal
microbial flora."**"" Additional details on virus survival on
fomites is available in the ‘Influenza’ factsheet.

Transmission to humans

People are usually infected with viruses from other
species during close contact with the living host or its
tissues, although indirect contact via fomites or other means
is also thought to be possible,3691213:2434-39.63184185 1y i
recent cases associated with fairs, many (though not all)
patients had been exposed to pigs for more than one day.*
Person-to-person transmission of swine influenza viruses
has occasionally been reported to family members or other
close contacts, and a limited outbreak occurred on a
military base; however, most viruses were not transmitted
to other peop|e_3,6,9,12,13,17,24,25,35-39

Disinfection

Influenza A viruses are susceptible to a wide variety of
disinfectants including sodium hypochlorite, 60% to 95%
ethanol, quaternary ammonium compounds, aldehydes
(glutaraldehyde, formaldehyde), phenols, acids, povidone-
iodine and other agents.**">*¥¥ Common household
agents, including 1% bleach, 10% malt vinegar or 0.01-
0.1% dishwashing liquid (washing up liquid), as well as
antimicrobial wipes, were found to destroy the viability of
human influenza viruses, although hot water (55°C; 131°F)
alone was ineffective in rapidly eliminating these viruses.**
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).4,173,186,188,191

Infections in Animals

© 2009-2016

Incubation Period
Clinical signs usually appear within 1-3 days in pigs
infected with most swine influenza viruses.***®
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Clinical Signs

Swine influenza viruses in pigs

Swine influenza is an acute upper respiratory disease.
Depending on the production system, illness may be seen
only in certain age groups, while other animals remain
asymptomatic.*®®'% The clinical signs may include fever,
lethargy, anorexia, weight loss, coughing, sneezing, nasal
and ocular discharge, conjunctivitis and labored breathing
(expiratory dyspnea or “thumping”), although all of these
signs do not occur in all infected animals.t¥®1*%1% The
cough usually develops after a few days, at which time the
fever has often started to diminish.>****®® Abortions may be
seen in some herds.™**®® Secondary or concurrent bacterial
or viral infections, other illnesses and stressors such as
transport can exacerbate the clinical signs.>®**>'% Severe,
potentially fatal bronchopneumonia is seen occasionally.”
Swine influenza viruses can also circulate among pigs with
few or no clinical signs.>® 782168192

Other influenza viruses in pigs

Infections with the 2009 pandemic H1N1 virus have
resembled swine influenza, and were mild in most
cases. 04710519205 Bjarrhea was reported in experimentally
infected pigs and some infected herds, but not
others.*"1%205207 The clinjcal signs in pigs infected with
avian influenza viruses vary, but respiratory illnesses and
asymptomatic infections have been seen,%20:123.127.128,208-210
Experimental infections and reports of infected herds
suggest that pigs infected with Asian lineage HSN1 HPAI
viruses do not become severely ill.*?"128:208210 (Additional
information about these viruses is available in the ‘Avian
influenza’ factsheet.)

Swine influenza viruses in turkeys

Turkeys infected with swine influenza viruses may
develop respiratory disease, have decreased egg production,
or produce abnormal eggs.*

Swine influenza viruses in mink and ferrets

Respiratory signs of varying severity have been
reported in ferrets and mink. Mink infected with a Canadian
triple reassortant H3N2 virus developed respiratory signs
including pneumonia, with increased mortality particularly
on ranches where the mink were co-infected with other
pathogens.™™ Another swine H3N2 virus, which was a
reassortant with the 2009 pandemic H1N1 virus, caused
significant coughing but little mortality.?” An HIN2 swine
influenza virus was found in the lungs of mink during an
outbreak of severe respiratory disease with hemorrhagic
bronchointerstitial pneumonia.?® However, the mink were
co-infected with hemolytic E. coli, and the hemorrhagic
pneumonia and high mortality rate were attributed to the
secondary bacterial component.

An outbreak in ferrets was caused by a triple
reassortant HIN1 swine influenza virus.'® These ferrets had
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respiratory signs, including severe dyspnea, and some
severely affected animals died.

Post Mortem Lesions i Click to view images

Most often, swine influenza in pigs appears as a
cranioventral ~ bronchopneumonia  affecting  variable
amounts of lung tissue.>**®® Affected parts of the lungs are
depressed and consolidated, dark red to purple-red, and
sharply demarcated.>® Occasionally, a few hemorrhagic,
emphysematous bullae may distend the interlobular
spaces.’® Concurrent bacterial infections, common in
naturally infected animals, can result in more extensive
lesions.*®® In severe, acute cases, the lungs may be diffusely
edematous and congested, with large amounts of foam in
the larger airways including the trachea.’®® Lymph nodes
associated with the respiratory tract can be variably
enlarged and congested.*®

Diagnostic Tests

Swine influenza can be diagnosed by virus isolation,
the detection of viral antigens or nucleic acids, and
serology.

Virus isolation is useful for the characterization of
influenza viruses, and can be used in diagnosis, although
faster and simpler techniques such as RT-PCR tend to be
employed in most clinical cases. Swine influenza viruses
can be isolated in embryonated chicken eggs or cell cultures
(e.g., Madin-Darby canine kidney cells)."*"* These viruses
can be isolated from lung tissues at necropsy, and from
nasal swabs (and some other respiratory or oral fluid
samples) collected from acutely ill pigs.**#*?2 Virus
shedding can be brief, and samples should ideally be
collected from a pig within 24-72 hours after the onset of
clinical signs.***' Isolated viruses can be subtyped with
hemagglutination inhibition and neuraminidase inhibition
tests or RT-PCR, as well as by sequence analysis of the
viral HA and NA genes. 166211

RT-PCR assays, which can detect viral RNA in tissue
samples and respiratory or oral fluids, are often used in
influenza  diagnosis.*****#2  Immunohistochemistry or
immunofluorescence can identify antigens in lung tissue
samples, nasal epithelial cells or bronchoalveolar lavage
fluids.*®*! Antigens can also be detected with
ELISAs. 621

Serology on paired samples can diagnose swine
influenza  retrospectively.”®  The  hemagglutination
inhibition test, which is subtype specific, is used most
often.>>® It may not detect new viruses.® ELISA kits are
also available."*** Other serological assays (e.g., virus
neutralization, indirect fluorescent antibody test, agar gel
immunodiffusion) have been described in swine, but are not
commonly used in diagnosis.*?*! Cross-reactivity can be an
issue with serological tests, although the extent of its
interference can differ with the viruses present in an area, as
well as the test.?*
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Treatment

Animals with influenza are usually treated with
supportive care.” Antibiotics may be used to control
secondary infections. Antiviral drugs used to treat human
influenza are not generally administered to swine.

Control

Disease reporting

Although swine influenza viruses are common and
widespread among pigs in most locations, veterinarians
should remain aware of any requirement to report this
disease in their area.

Prevention

A number of swine influenza vaccines are made
commercially; however, vaccines may not be available for
all viruses, or combinations of viruses, present in an area.
Influenza vaccines eliminate or reduce clinical signs, but
they do not always prevent infections or virus shedding,
although the amount of virus shed may be decreased. A
poor match between the HA component of the vaccine and
field virus can compromise protection.”™® Some
combinations of swine influenza vaccines and poorly
matched challenge viruses were also reported to exacerbate
disease in pigs, at least in a laboratory setting.?"**%!
Influenza vaccines are changed periodically to reflect the
current subtypes and strains in an area. Historically, swine
influenza viruses did not change rapidly or frequently.*®>
This allowed vaccines to be updated less often than in
humans, where vaccines may be modified yearly based on
worldwide influenza virus surveillance. However, swine
influenza virus diversity has increased greatly in some
areas, such as the U.S."®18788.103.104106 1 aqdition, selection
pressures from increased vaccination might encourage more
rapid changes. At present, there is no systematic worldwide
surveillance program for swine influenza viruses.**#*
However, local, regional or national surveillance has
increased in some areas, including Europe, North America
(e.g., a voluntary surveillance program in the U.S.) and
parts of Asia.?*

Management measures such as all-in/all-out production
help prevent the introduction of viruses.*®%*%8 |solating
newly acquired pigs (or animals returning to a facility) and
testing before release also reduces the risk of transmission
to the rest of the herd.**?%882 Additional sources of
infection to consider in biosecurity plans include contact
with wild and feral pigs, wild birds (especially waterfowl
and other birds from aquatic habitats), poultry, people,
unsafe water sources that may contain viruses, and possibly
even other species such as horses,®#6°8:82110132.173,174,216-220
Sanitation and routine hygiene help prevent transmission on
fomites and mechanical vectors.”*#?2 To prevent human
influenza viruses (including 2009 pandemic H1N1 virus)
from entering a herd, swine workers and others who have
influenza-like illnesses should avoid contact with pigs, and
the public should be restricted from entering swine
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operations.”* The use of human seasonal influenza
vaccines may decrease the risk of introducing these viruses
to pigs, as well as the risk of recombination between human
and swine influenza viruses.*® %%

Isolating infected animals (as soon as possible after the
onset of illness) may help reduce transmission within a
facility during an outbreak,”” and quarantines (including
voluntary self-quarantine) reduce transmission between
premises. Once a herd of swine has been infected, the virus
may persist and periodically cause outbreaks in young
animals and other susceptible pigs; however, good
management can decrease the severity of disease.**®%#
Infected swine herds can be cleared of influenza viruses by
depopulation, and management measures can also be
successful 202852

Measures to prevent transmission to other susceptible
species, such as turkeys, ferrets and mink, depend on
avoiding contact with pigs (or swine influenza virus-
infected turkeys), their tissues and contaminated
environmental sources.

Morbidity and Mortality

Swine influenza viruses

Swine influenza viruses are common in pig
populations, and many farms worldwide have been infected
with at least one virus. A number of studies report
seroprevalence rates of approximately 20-60%, with some
studies reporting higher or lower values,3¢°4%882125143.211 1y
Europe, virus prevalence is generally higher in intensive
swine-raising regions.>® Studies of feral swine in North
America and wild boars in Europe and Asia have found
antibodies to swine influenza viruses in 0% to > 40% of the
animal tested, but fewer animals seem to be infected than in
domesticated herds. 8110224225

The patterns of disease vary with the type of
production system, and with immunity in breeding pigs and
other members of the herd.’*"*®?* Maternal antibodies
decrease the severity of the illness in young animals, but
can also impair the development of immunity.®19%22"228 |n
the classical picture of influenza, up to 100% of the animals
in a naive herd may become ill, and if the virus infects a
population without immunity (e.g., as in 1918), it may
cause an epizootic with rapid transmission in pigs of all
ages.'*>%%2 |n other cases, the virus can persist in a
herd,>®2%# typically by infecting susceptible populations of
young animals.*® In these herds, recurrent outbreaks may be
seen in nursery piglets and/or in older, fattening
pigs.*>1%819 Seasonality varies with the climate and type of
production system. Under traditional production systems,
annual outbreaks occur mainly during the colder months in
temperate regions, but may be seen year-round in tropical
and subtropical climates.?*>®2%°282 Qutbreaks can occur at
any time of the year under intensive (confinement rearing)
farming practices, although there may be seasonal peaks
when rapidly changing outside temperatures make it more

1
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difficult to control climatic conditions in the barn (e.g., in
autumn).>***% The main economic impact is usually from
reduced weight gain and a longer time to reach market
weight."? Mortality rates are generally low; in
uncomplicated cases, the case fatality rate varies from < 1%
to 4%, and most animals recover within 3-7 days."*®
However, outbreaks can differ in severity, depending on
management factors, co-infections with other pathogens
and other stressors.>®2%%

Other influenza viruses in pigs
The 2009 pandemic H1N1 virus appears to cause mild
disease in pigs.*o47105195205229  Niorhidity rates ranging
from < 1% to as high as 90% have been reported, but little
or no mortality has been Seenl46,47,105,197-199,201-206,229-233

Seroprevalence rates for Asian lineage H5N1 HPAI
viruses range from <1% to 5% in some Asian and Middle
Eastern countries, although these viruses do not seem to
cause severe illness in pigs.}?"128:209210.238 LiIENT viruses
were also detected in 7.5% of nasal swabs collected from
asymptomatic Indonesian pigs in 2005-2007."%" Antibodies
to H3, H4 and H6 avian influenza viruses were reported in
up to 1-2% of pigs sampled in southern China,'*® while
antibodies to H9 viruses were found in 4-5% of pigs in one
study, and > 15% of pigs in a more recent report.*2?%*

Swine influenza viruses in mink and ferrets

Morbidity and mortality rates in influenza outbreaks
among mink vary greatly, and appear to be influenced by
factors such as co-infections with other
pathogens 26272362337 |1n an outbreak caused by a triple
reassortant HIN1 swine influenza virus in ferrets, the
morbidity rate was 8% and the mortality rate was 0.6%.

Infections in Humans

Incubation Period

The incubation period for swine influenza in people is
unknown; however, influenza generally becomes apparent
within a few days of exposure in all mammals. Clinical
signs seem to appear in approximately 2-3 days in cases
caused by triple reassortant H3N2 swine influenza viruses
in the U.S.%

Clinical Signs

Most laboratory-confirmed, symptomatic swine
influenza virus infections have been characterized by upper
respiratory signs that resemble human influenza, including
gastrointestinal signs in some patients, although acute
parotitis was reported in a 6-year-old with H3N2 influenza,
and one young patient had only fever and
vomiting,?3891213.17.21 22243541155 10 3 recent series of
infections caused by North American triple reassortant
H3NZ2 viruses, redness of the eyes or eye irritation appeared
to be more common than with seasonal influenza viruses.*
IlInesses caused by swine influenza viruses have been mild
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in most healthy people and some immunocompromised
individuals, although young children were sometimes
hospitalized for dehydration,%1213:17:21,2224:35-37,39,40
Pneumonia, serious illnesses and deaths have also been
seen, generally though not always in people who had
underlying health conditions or were immunocompromised
by illnesses or pregnancy.*16:19243435373942 garg|ogical
evidence suggests mild or asymptomatic cases might occur
among people who are occupationally exposed.®©#184182238-

Diagnostic Tests

Tests used to detect influenza virus infections in
humans can include RT-PCR, virus isolation and assays to
detect influenza virus antigens.'*?***® Many recent swine
influenza cases were diagnosed by genetic methods,
particularly RT-PCR.* Routine diagnostic tests used to
detect human influenza viruses, including commercial rapid
test kits, do not necessarily detect zoonotic
viruses.101243244.2492%0 onga jndication that a novel, possibly
zoonotic influenza, virus might be present is the detection
of an influenza A virus, but not the hemagglutinins in
seasonal human influenza viruses.™® Zoonotic influenza
virus infections are occasionally diagnosed retrospectively
by serology;***%? however, serological diagnosis can be
complicated by cross-reactivity with human influenza
viruses. A further difficulty is that the HA and NA of some
swine influenza viruses (the main targets of antibody
responses) originally came from human influenza viruses.
Testing for novel influenza viruses is generally performed
by state, regional or national public health
laboratories.'**

Treatment

Supportive care for uncomplicated influenza in humans
includes fluids and rest. Additional adjunct and supportive
treatments for more severe cases vary, and can include
various drugs, including antibiotics to treat or prevent
secondary  bacterial pneumonia, and  mechanical
ventilation.?

Two groups of antiviral drugs — the adamantanes
(amantadine, rimantadine), and neuraminidase inhibitors
(zanamivir, oseltamivir, peramivir and laninamivir) — are
used to treat some cases of influenza, although some of
these drugs (peramivir and laninamivir) are not licensed in
all countries.’®€0161,187:250254.255 Bth groups of drugs are
effective against some influenza A viruses (depending on
antiviral resistance patterns), although they may have some
side effects.’8!61187250.254-256  Antiviral drugs are most
effective if they are started within the first 48 hours after
the clinical signs begin, but they may also be used in severe
or high risk cases first seen after this time,*¢11872°0.24-236

Antiviral resistance can develop rapidly, and may
emerge during treatment.>"®*%1%1 A recent study reported
resistance to neuraminidase inhibitors in 9% of influenza
viruses from pigs that contained the N2 neuraminidase
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(HIN2 and H3N2 viruses and HI9N2 avian influenza
viruses).”” Published reports suggest that neuraminidase
resistance is uncommon among swine influenza viruses in
the U.S. and Germany.”*®*%*° However, amantadine-resistant
isolates are currently prevalent in some swine influenza
lineages in the U.S.,.”*® and the U.S. Centers for Disease
Control and Prevention (CDC) recommends that
neuraminidase inhibitors be chosen.®

Prevention

Protective measures for zoonotic influenza viruses
include sanitation and hygiene (e.g., frequent hand
washing), avoidance of contact with sick animals or
animals known to be infected, and the use of personal
protective equipment (PPE) when working with infected
pigs.®® Depending on the circumstances, recommended PPE
may include masks to reduce droplet transmission or
respirators, as well as other barriers such as protective
clothing and gloves.*

Although swine influenza viruses are not likely to be
present in retail meat,”® any viruses that survived long
enough to reach consumers could be inactivated by cooking
pork (e.g., to the internal temperature of 160°F/ 71.1°C
recommended to destroy other pathogens found in this
meat).1882232801n  addition, ordinary food safety
precautions include hand washing before and after handling
raw meat, the prevention of cross-contamination of foods or
surfaces used for food preparation, and the use of hot soapy
water to wash contaminated surfaces.’**?* |Influenza
viruses are Killed if cutting boards are sanitized with 1 thsp
bleach in a gallon of water.??®

More detailed recommendations have been published
by some national agencies, including the CDC in the U.S.%
With the increased number of human infections associated
with agricultural fairs in North America, the CDC has
issued guidelines for people attending fairs and for fair
planners.®* Currently, it recommends that people at
increased risk for serious infection with human seasonal
influenza viruses (including young children) stay away
from swine and pig barns at fairs. The CDC also
recommends that people with no risk factors avoid close
contact with sick pigs, use good hand hygiene, and not eat
or drink around pigs. They should also avoid bringing
objects that may contact the mouth, especially those used
by infants and young children, (e.g., cups and bottles, or
children’s toys) into the area. Pigs suspected to be ill should
be isolated (or sent home, if appropriate) and seen by a
veterinarian. Guidelines for fair organizers have been
published on the CDC Web site.®* When visiting a
physician for an illness that began soon after contact with
animals, the potential for zoonotic exposure should be
mentioned.

Morbidity and Mortality

The overall prevalence of swine influenza virus
infections in humans is uncertain. While interpreting
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serological studies is complicated by cross-reactivity with
past and present human influenza viruses, these studies
suggest that exposure might be relatively common among
people who work with pigs,3©8°5184185238-242261-266 | mqgt
infections resemble human influenza, they may not be
investigated and recognized as zoonoses. More than 350
serologically or virologically confirmed clinical cases
caused by HIN1, HIN2 and H3N2 viruses have been
reported sporadically since the 1950s (with one localized
outbreak at the Fort Dix military base in 1976), with cases
being documented more frequently in recent years.>®#91%
234428315 These cases have occurred in people who had
occupational contact with pigs , as well as in others who
had more casual contact, such as visitors at agricultural fairs
or livestock shows.'"#%391% There have also been a few
cases with no apparent swine contact, including some
where the virus was probably transmitted on fomites or
acquired from another person.'?'"* Several cases occurred
in young children and infants who lived on pig farms and/or

whose family members were occupationally exposed to
swine 17,19,21,37,42

While zoonotic cases have been seen in Europe and
Asia, most recent cases were documented in the U.S,
where this disease has been reportable in humans since
2005, and where the number of reported cases has increased
dramatically in the last few years®0891%2534-4263
Approximately one swine influenza case was documented
every 1-2 years in the U.S. before 2005, while 21 cases
caused by various subtypes were reported to the CDC
between December 2005 and June 2011.**%% Thirteen
infections with swine H3N2 viruses, all containing the
TRIG cassette, were reported between August 2011 and
April 2012.%% Respiratory illnesses were also noted in 169
people who had shared exposure to these cases or to pigs,
although the cause of the illness could not be definitively
identified in most (and some cases were shown to be caused
by other respiratory pathogens).®* An additional 306
virologically confirmed triple reassortant human H3N2
cases, associated with exposure to pigs at fairs, were found
in 2012.%%% Whether this increase in case numbers is
related to genetic changes in the viruses circulating in North
America, increased surveillance, the new reporting
requirements or a combination of factors is still
uncertain.35'36'39'61'63'64

Many cases of swine influenza, including most of the
recent H3N2 cases in the U.S., affected children; however,
clinical cases also occur in adults,%*#1416-19.21,22:24,34-37,39.40.42
Adults might have some immunity due to previous
exposures to human influenza viruses, which contributed
HA and NA gene segments to many viruses now circulating
in swine. People who are at higher risk of severe illness
after exposure to human influenza viruses are expected to
also be at greater risk from swine influenza viruses.®®* Some
known risk groups for human influenza include young
children, the elderly, people who are immunosuppressed
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including pregnant women, and those with chronic
respiratory, cardiovascular or other health conditions.®

Nine of the swine influenza cases reported between
1950 and 2014 (< 3%) were fatal.**3"*42%" The diagnoses
in fatal cases included primary viral pneumonia or
secondary bacterial infection, and one patient was described
as having extensive involvement of the abdominal organs.*’
Three patients who died were previously healthy (two were
young, while one was 37 years of age), one was pregnant,
three were immunosuppressed (two had cancer, while the
third was a 3-year-old child receiving long-term steroids for
chronic kidney disease), and one was elderly and had
congestive  heart failure and  diabetes.>®121416.16-
1837394226128 Tha health status of one person was not
known. Severe or fatal cases involved various viruses
including the classical HIN1 swine influenza virus,
Eurasian HIN1 viruses and a North American H3N2
virus 3612181937.39288 1t there js no reason to believe that
other viruses could not cause serious disease. However,
most clinical cases (including at least two cases in
immunocompromised individuals) have been mild and
resembled human inﬂuenzal9,12-14,16-19,21,22,24,34-37,39,40,42,155

Internet Resources

Swine Influenza

OIE Terrestrial Animal Health Code
http://www.oie.int/en/international-standard-
setting/terrestrial-code/access-online/

References

Centers for Disease Control and Prevention (CDC).
Information on Swine Influenza
http://www.cdc.gov/flu/swineflu/index.htm

Public Health Agency of Canada (PHAC). Influenza
http://healthycanadians.gc.ca/diseases-conditions-
maladies-affections/disease-maladie/flu-grippe/index-

eng.php

PHAC. Pathogen Safety Data Sheets
http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/index-
eng.php

The Merck Manual
http://www.merckmanuals.com/professional

The Merck Veterinary Manual
http://www.merckvetmanual.com/mvm/index.html

United States Department of Agriculture (USDA) Animal
and Plant Health Inspection Service (APHIS).
https://www.aphis.usda.gov/aphis/home/

World Health Organization. Zoonotic Influenza
http://www.who.int/influenza’/human_animal interface
len/

World Organization for Animal Health (OIE)
http://www.oie.int/

OIE Manual of Diagnostic Tests and Vaccines for
Terrestrial Animals
http://www.oie.int/en/international-standard-
setting/terrestrial-manual/access-online/

Last Updated: February 2016

© 2009-2016

1. World Organization for Animal Health [OIE]. Manual of
diagnostic tests and vaccines for terrestrial animals [online].
Paris;OIE; 2015. Swine influenza. Available at:
http://www.oie.int/fileadmin/Home/eng/Health_standards/tah
m/2.08.08_SWINE_INFLUENZA.pdf. Accessed 5 Feb 2016.

2. Schultz-Cherry S, Olsen CW, Easterday BC. History of swine
influenza. Curr Top Microbiol Immunol. 2013;370:21-8.

3. Acha PN, Szyfres B (Pan American Health Organization 146).
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.

4. Fenner F, Bachmann PA, Gibbs EPJ, Murphy FA, Studdert MJ,
White DO. Veterinary virology. San Diego, CA: Academic
Press Inc.; 1987. Orthomyxoviridae; p. 473-84.

5. Dee SA. Swine influenza. In: Kahn CM, Line S, Aiello SE,
editors. The Merck veterinary manual [online]. Whitehouse
Station, NJ: Merck and Co; 2015.Available at:
http://www.merckmanuals.com/mvm/respiratory system/respi
ratory_diseases_of pigs/swine_influenza.html. Accessed 12
Feb 2016.

6. Heinen P. Swine influenza: a zoonosis. Vet Sci Tomorrow
[serial online]. 2003 Sept 15. Available at:
http://www.vetscite.org/publish/articles/000041/print.html.*
Accessed 26 Aug 2004.

7. Vincent AL, Ma W, Lager KM, Gramer MR, Richt JA, Janke
BH. Characterization of a newly emerged genetic cluster of
H1N1 and HIN2 swine influenza virus in the United States.
Virus Genes. 2009;39(2):176-85.

8. 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.

9. Komadina N, Roque V, Thawatsupha P, Rimando-Magalong J,
Waicharoen S, Bomasang E, Sawanpanyalert P, Rivera M,
lannello P, Hurt AC, Barr IG. Genetic analysis of two
influenza A (H1) swine viruses isolated from humans in
Thailand and the Philippines. Virus Genes. 2007;35(2):161-5.

10. 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.

11. Gagnon CA, Spearman G, Hamel A, Godson DL, Fortin A,
Fontaine G, Tremblay D. Characterization of a Canadian mink
H3NZ2 influenza A virus isolate genetically related to triple
reassortant swine influenza virus. J Clin Microbiol.
2009;47(3):796-9.

12. 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.

13. Olsen CW, Karasin Al, 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.

page 9 of 18


http://www.cdc.gov/flu/swineflu/index.htm
http://healthycanadians.gc.ca/diseases-conditions-maladies-affections/disease-maladie/flu-grippe/index-eng.php
http://healthycanadians.gc.ca/diseases-conditions-maladies-affections/disease-maladie/flu-grippe/index-eng.php
http://healthycanadians.gc.ca/diseases-conditions-maladies-affections/disease-maladie/flu-grippe/index-eng.php
http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/index-eng.php
http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/index-eng.php
http://www.merckmanuals.com/professional
http://www.merckvetmanual.com/mvm/index.html
https://www.aphis.usda.gov/aphis/home/
http://www.who.int/influenza/human_animal_interface/en/
http://www.who.int/influenza/human_animal_interface/en/
http://www.oie.int/
http://www.oie.int/en/international-standard-setting/terrestrial-manual/access-online/
http://www.oie.int/en/international-standard-setting/terrestrial-manual/access-online/
http://www.oie.int/en/international-standard-setting/terrestrial-code/access-online/
http://www.oie.int/en/international-standard-setting/terrestrial-code/access-online/
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.08.08_SWINE_INFLUENZA.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.08.08_SWINE_INFLUENZA.pdf
http://www.merckmanuals.com/mvm/respiratory_system/respiratory_diseases_of_pigs/swine_influenza.html
http://www.merckmanuals.com/mvm/respiratory_system/respiratory_diseases_of_pigs/swine_influenza.html

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Last Updated: February 2016

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.

Schnirring L. (Center for Infectious Disease Research and
Policy 95. University of Minnesota). South Dakota reports
swine flu case. CIDRAP; 2009 Jan 14. Available at:
http://www.cidrap.umn.edu/news-perspective/2009/01/south-
dakota-reports-swine-flu-case.* Accessed 19 Jan 2009.

Wentworth DE, Thompson BL, Xu X, Regnery HL, Cooley
AJ, McGregor MW, Cox NJ, Hinshaw VS. An influenza A
(H1NZY) virus, closely related to swine influenza virus,
responsible for a fatal case of human influenza. J Virol.
1994;68(4):2051-8.

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.

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.

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.

Brown IH. The epidemiology and evolution of influenza
viruses in pigs. Vet Microbiol. 2000;74(1-2):29-46.

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.

Adiego Sancho B, Omenaca TM, Martinez CS, Rodrigo VP,
Sanchez VP, Casas |, Pozo F, Perez BP. Human case of swine
influenza A (H1N1), Aragon, Spain, November 2008. Euro
Surveill. 2009;14(7).

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).

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.

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.

Yoon KJ, Schwartz K, Sun D, Zhang J, Hildebrandt H.
Naturally occurring influenza A virus subtype HIN2 infection
in a Midwest United States mink (Mustela vison) ranch. J Vet
Diagn Invest. 2012;24(2):388-91.

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.

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.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

© 2009-2016

Swine Influenza

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.

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.

Toms GL, Sweet C, Smith H. Behaviour in ferrets of swine
influenza virus isolated from man. Lancet. 1977;1(8002):
68-71.

Yassine HM, Lee CW, Saif YM. Interspecies transmission of
influenza A viruses between swine and poultry. Curr Top
Microbiol Immunol. 2013;370:227-40..

Berhane Y, Kehler H, Handel K, Hisanaga T, Xu W, Ojkic D,
Pasick J. Molecular and antigenic characterization of
reassortant H3N2 viruses from turkeys with a unique
constellation of pandemic H1N1 internal genes. PLoS One.
2012;7(3):32858.

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 HIN1
swine influenza virus from a boy in China in 2011. Arch
Virol. 2013;158(1):39-53.

Epperson S, Jhung M, Richards S, Quinlisk P, Ball L, Moll M
et al. Human infections with influenza A(H3NZ2) variant virus
in the United States, 2011-2012. Clin Infect Dis. 2013;57
Suppl 1:54-S11.

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.

Krueger WS, Gray GC. Swine influenza virus infections in
man. Curr Top Microbiol Immunol. 2013:370;201-25.

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.

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.
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.

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.

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.

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.

page 10 of 18



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

Last Updated: February 2016

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 HIN1 influenza A epidemic. Nature.
2009;459(7250):1122-5.

Garten RJ, Davis CT, Russell CA, Shu B, Lindstrom S, Balish
A et al. Antigenic and genetic characteristics of swine-origin
2009 A(H1N1) influenza viruses circulating in humans.
Science. 2009;325(5937):197-201.

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.

Pereda A, Cappuccio J, Quiroga MA, Baumeister E, Insarralde
L, Ibar M et al. Pandemic (H1N1) 2009 outbreak on pig farm,
Argentina. Emerg Infect Dis. 2010;16(2):304-7.

Pereda A, Rimondi A, Cappuccio J, Sanguinetti R, Angel M,
Ye J et al. Evidence of reassortment of pandemic H1N1
influenza virus in swine in Argentina: are we facing the
expansion of potential epicenters of influenza emergence?
Influenza Other Respir Viruses. 2011;5(6):409-12.

Njabo KY, Fuller TL, Chasar A, Pollinger JP, Cattoli G,
Terregino C, Monne |, Reynes JM, Njouom R, Smith TB.
Pandemic A/H1N1/2009 influenza virus in swine, Cameroon,
2010. Vet Microbiol. 2012;156(1-2):189-92.

Corzo CA, Culhane M, Juleen K, Stigger-Rosser E, Ducatez
MF, Webby RJ, Lowe JF. Active surveillance for influenza A
virus among swine, midwestern United States, 2009-2011.
Emerg Infect Dis. 2013;19(6):954-60.

Grontvedt CA, Er C, Gjerset B, Hauge AG, Brun E, Jorgensen
A, Lium B, Framstad T. Influenza A(HIN1)pdmQ9 virus
infection in Norwegian swine herds 2009/10: The risk of
human to swine transmission. Prev Vet Med. 2013;110(3-
4):429-34.

Choi YK, Pascua PN, Song MS. Swine influenza viruses: an
Asian perspective. Curr Top Microbiol Immunol.
2013;370:147-72.

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.

Brown IH. History and epidemiology of Swine influenza in
Europe. Curr Top Microbiol Immunol. 2013;370:133-46.
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.

Ducatez MF, Hause B, Stigger-Rosser E, Darnell D, Corzo C,
Juleen K et al. Multiple reassortment between pandemic
(H1NZ1) 2009 and endemic influenza viruses in pigs, United
States. Emerg Infect Dis. 2011;17(9):1624-9.

Nfon CK, Berhane Y, Hisanaga T, Zhang S, Handel K, Kehler
H, Labrecque O, Lewis NS, Vincent AL, Copps J,
Alexandersen S, Pasick J. Characterization of HIN1 swine
influenza viruses circulating in Canadian pigs in 2009. J Virol.
2011;85(17):8667-79.

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.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

© 2009-2016

Swine Influenza

Ali A, Khatri M, Wang L, Saif YM, Lee CW. Identification of
swine HIN2/pandemic H1N1 reassortant influenza virus in
pigs, United States. Vet Microbiol. 2012;158(1-2):60-8.
Liu'Y, Wang J, Ji J, Chang S, Xue C, MaJ, Bi Y, Xie Q.
Phylogenetic diversity and genotypic complexity of HIN1
subtype swine influenza viruses isolated in mainland China.
Virol J. 2012;9:289.

Nelson M1, 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.

Rajao DS, Costa AT, Brasil BS, Del Puerto HL, Oliveira FG,
Alves F, Braz GF, Reis JK, Guedes RM, Lobato ZI, Leite RC.
Genetic characterization of influenza virus circulating in
Brazilian pigs during 2009 and 2010 reveals a high prevalence
of the pandemic H1N1 subtype. Influenza Other Respir
Viruses. 2013;7(5):783-90.

Centers for Disease Control and Prevention [CDC].
Information on swine influenza. CDC; 2015. Available at:
http://www.cdc.gov/flu/swineflu/index.htm. Accessed 14 Feb
2016.

Kitikoon P, Nelson MlI, Killian ML, Anderson TK, Koster L,
Culhane MR, Vincent AL. Genotype patterns of contemporary
reassorted H3N2 virus in US swine. J Gen Virol. 2013;94(Pt
6):1236-41.

Swayne DE. Avian influenza. In: Foreign animal diseases.
Boca Raton, FL: United States Animal Health Association;
2008. p. 137-46.

World Organization for Animal Health [OIE]. Manual of
diagnostic tests and vaccines for terrestrial animals [online].
Paris; OIE; 2015. Avian influenza. Available at:
http://www.oie.int/fileadmin/Home/eng/Health_standards/tah
m/2.03.04 Al.pdf. Accessed 1 Jul 2015.

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.

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):1003657.

Grebe KM, Yewdell JW, Bennink JR. Heterosubtypic
immunity to influenza A virus: where do we stand? Microbes
Infect. 2008;10(9):1024-9.

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, Suarez DL. Current developments in avian
influenza vaccines, including safety of vaccinated birds as
food. Dev Biol (Basel). 2007;130:123-33.

Marangon S, Cecchinato M, Capua I. Use of vaccination in
avian influenza control and eradication. Zoonoses Public
Health. 2008;55(1):65-72.

Kapczynski DR, Swayne DE. Influenza vaccines for avian
species. Curr Top Microbiol Immunol. 2009;333:133-52.

Lee CW, Saif YM. Avian influenza virus. Comp Immunol
Microbiol Infect Dis. 2009;32(4):301-10.

Sylte MJ, Suarez DL. Influenza neuraminidase as a vaccine
antigen. Curr Top Microbiol Immunol. 2009;333:227-41.

page 11 of 18


http://www.cdc.gov/flu/swineflu/index.htm
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.03.04_AI.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.03.04_AI.pdf

76.

77.

78.

79.

80.

81.

82..

83.

84.

85.

86.

87.

88.

89.

90.

91

Last Updated: February 2016

Samji T. Influenza A: understanding the viral life cycle. Yale J
Biol Med. 2009;82(4):153-9.

Ma W, Richt JA. Swine influenza vaccines: current status and
future perspectives. Anim Health Res Rev. 2010;11(1):81-96.
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.

Arikawa J, Yamane N, Totsukawa K, Ishida N. The follow-up
study of swine and Hong Kong influenza virus infection

among Japanese hogs. Tohoku J Exp Med. 1982;136(4):353-8.

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.

Reid AH, Taubenberger JK. The origin of the 1918 pandemic
influenza virus: a continuing enigma. J Gen Virol. 2003;84(Pt
9):2285-92.

Brown IH. (OIE/FAO/EU International Reference Laboratory
for Avian Influenza). Influenza virus infections of pigs. Part 1:
swine, avian & human influenza viruses [monograph online].
Awvailable at: http://www.pighealth.com/influenza.htm.*
Accessed 31 Dec 2006.

Karasin Al, Carman S, Olsen CW. Identification of human
H1N2 and human-swine reassortant HIN2 and HIN1
influenza A viruses among pigs in Ontario, Canada (2003 to
2005). J Clin Microbiol. 2006;44(3):1123-6.

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.
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.
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.

Gauger PC, Vincent AL, Loving CL, Lager KM, Janke BH,
Kehrli ME, Jr., Roth JA. Enhanced pneumonia and disease in
pigs vaccinated with an inactivated human-like (delta-cluster)
H1N2 vaccine and challenged with pandemic 2009 H1IN1
influenza virus. Vaccine. 2011;29(15):2712-9.

Vincent AL, Ma W, Lager KM, Janke BH, Richt JA. Swine
influenza viruses a North American perspective. Adv Virus
Res. 2008;72:127-54.

Kyriakis CS, Brown IH, Foni E, Kuntz-Simon G, Maldonado
J, Madec F, Essen SC, Chiapponi C, Van RK. 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.
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.

© 2009-2016

Swine Influenza

92. Simon G, Larsen LE, Durrwald R, Foni E, Harder T, Van RK
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):115815.

93. Morens DM, Taubenberger JK. Historical thoughts on
influenza viral ecosystems, or behold a pale horse, dead dogs,
failing fowl, and sick swine. Influenza Other Respi Viruses.
2010;4(6):327-37.

94. Shope RE. The etiology of swine influenza. Science.
1931;73(1886):214-5.

95. Shope RE. Swine influenza: Ill. Filtration experiments and
etiology. J Exp Med. 1931;54(3):373-85.

96. 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.

97. 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.

98. 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.

99. Poljak Z, Friendship RM, Carman S, McNab WB, Dewey CE.
Investigation of exposure to swine influenza viruses in Ontario
(Canada) finisher herds in 2004 and 2005. Prev Vet Med.
2008;83(1):24-40.

100. 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.

101. Karasin Al, 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.

102. 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.

103. Ma W, Vincent AL, Lager KM, Janke BH, Henry SC,
Rowland RR, Hesse RA, Richt JA. Identification and
characterization of a highly virulent triple reassortant HIN1
swine influenza virus in the United States. Virus Genes.
2010;40(1):28-36.

104. Anderson TK, Nelson M, 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.

105. Christman MC, Kedwaii A, Xu J, Donis RO, Lu G. Pandemic
(H1NZ1) 2009 virus revisited: an evolutionary retrospective.
Infect Genet Evol. 2011;11(5):803-11.

page 12 of 18



106. Lorusso A, Vincent AL, Harland ML, Alt D, Bayles DO,
Swenson SL, Gramer MR, Russell CA, Smith DJ, Lager KM,
Lewis NS. Genetic and antigenic characterization of H1
influenza viruses from United States swine from 2008. J Gen
Virol. 2011;92(Pt 4):919-30.

107. Kiss |, 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.

108. 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.

109. Janke, BH. Relative prevalence of reassortants and subtypes.
In: Proceedings of the Twelfth Annual Swine Disease
Conference for Swine Practitioners; 2004 Nov 11-12;

Ames, 1A

110. 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.

111. 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.

112. Moreno A, Gabanelli E, Sozzi E, Lelli D, Chiapponi C,
Ciccozzi M, Zehender G, Cordioli P. Different evolutionary
trends of swine HIN2 influenza viruses in Italy compared to
European viruses. Vet Res. 2013;44:112.

113. 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.

114. Guan Y, Shortridge KF, Krauss S, Li PH, Kawaoka Y,
Webster RG. Emergence of avian HIN1 influenza viruses in
pigs in China. J Virol. 1996;70(11):8041-6.

115. Yu H, Zhang GH, Hua RH, Zhang Q, Liu TQ, Liao M, Tong
GZ. Isolation and genetic analysis of human origin HIN1 and
H3N2 influenza viruses from pigs in China. Biochem Biophys
Res Commun. 2007;356(1):91-6.

116. Cong Y, Wang G, Guan Z, Chang S, Zhang Q, Yang G,
Wang W, Meng Q, Ren W, Wang C, Ding Z. Reassortant
between human-Like H3N2 and avian H5 subtype influenza A
viruses in pigs: a potential public health risk. PLoS One.
2010;5(9):e12591.

117. Xu C, Dong L, Xin L, Lan Y, Chen Y, Yang L, Shu Y.
Human avian influenza A (H5N1) virus infection in China. Sci
China C Life Sci. 2009;52(5):407-11.

118. 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.

119.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.

120. Zhao G, Chen C, Huang J, Wang Y, Peng D, Liu X.
Characterisation of one H6NG6 influenza virus isolated from
swine in China. Res Vet Sci. 2013;95(2):434-6.

Last Updated: February 2016

© 2009-2016

Swine Influenza

121. 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.

122. Wang N, Zou W, Yang Y, Guo X, Hua Y, Zhang Q, Zhao Z,
Jin M. Complete genome sequence of an HLIONS5 avian
influenza virus isolated from pigs in central China. J Virol.
2012;86(24):13865-6.

123. Cong YL, Pu J, Liu QF, Wang S, Zhang GZ, Zhang XL, Fan
WX, Brown EG, Liu JH. Antigenic and genetic
characterization of HON2 swine influenza viruses in China. J
Gen Virol. 2007;88(Pt 7):2035-41.

124. 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.

125. Su S, Qi W, Chen J, Zhu W, Huang Z, Xie J, Zhang G.
Seroepidemiological evidence of avian influenza A virus
transmission to pigs in southern China. J Clin Microbiol.
2013;51(2):601-2.

126. Monne I, Cattoli G, Mazzacan E, Amarin NM, Al Maaitah
HM, Al-Natour MQ, Capua |. Genetic comparison of HON2
Al viruses isolated in Jordan in 2003. Avian Dis. 2007;51(1
Suppl):451-4.

127. 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.

128. 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 HSN1
influenza virus infection of pigs by using viruses isolated in
Vietnam and Thailand in 2004. J Virol. 2005;79(16):10821-5.

129. 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.

130. 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.

131. Li X, Fu Y, Yang J, Guo J, He J, Guo J, Weng S, Jia Y, Liu
B, Li X, Zhu Q, Chen H. Genetic and biological
characterization of two novel reassortant H5N6 swine
influenza viruses in mice and chickens. Infect Genet Evol.
2015 [Epub ahead of print.

132. 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.

133. Cappuccio JA, Pena L, Dibarbora M, Rimondi A, Pineyro P,
Insarralde L, Quiroga MA, Machuca M, Craig M, 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.

134. Lopez-Robles G, Montalvo-Corral M, Burgara-Estrella A,
Hernandez J. Serological and molecular prevalence of swine
influenza virus on farms in northwestern Mexico. Vet
Microbiol. 2014;172(1-2):323-8.

page 13 of 18



135. Schaefer R, Rech RR, Gava D, Cantao ME, da Silva MC,
Silveira S, Zanella JR. A human-like HIN2 influenza virus
detected during an outbreak of acute respiratory disease in
swine in Brazil. Arch Virol. 2015;160(1):29-38.

136. Schmidt C, Cibulski SP, Muterle Varela AP, Mengue SC,
Wendlant A, Quoos MF, Lopes de AL, Franco AC, Roehe
PM. Full-genome sequence of a reassortant HIN2 influenza A
virus isolated from pigs in Brazil. Genome Announc.
2014;2(6).

137. 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.

138. Adeola OA, Olugasa BO, Emikpe BO. Detection of
pandemic strain of influenza virus (A/H1N1/pdm09) in pigs,
West Africa: implications and considerations for prevention of
future influenza pandemics at the source. Infect Ecol
Epidemiol. 2015;5:30227.

139. 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.

140. 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.

141. 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.

142. 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.

143. 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.

144. 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.

145. Takatsy G, Farkas E, Romvary J. Susceptibility of the
domestic pig to influenza B virus. Nature.
1969;222(5189):184-5.

146. 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.

147. 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.

148. 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.

149. 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.

150. 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;138(5):686-9.

Last Updated: February 2016

© 2009-2016

Swine Influenza

151. 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.

152. 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.

153. Lopez JW, Woods GT. Response of calves to exposure with
swine influenza virus. Am J Vet Res. 1987;48(8):1264-8.

154. 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
Respi Viruses. 2010;4(6):357-61.

155. 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.

156. Freidl GS, Meijer A, de BE, DE NM, Munoz O, Capua | 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).

157. Swine influenza A (H1N1) infection in two children-
Southern California, March-April 2009. MMWR Morb Mortal
Wkly Rep. 2009;58(15):400-2.

158. Grohskopf LA, Sokolow LZ, Olsen SJ, Bresee JS, Broder
KR, Karron RA. Prevention and control of seasonal influenza
with vaccines. Recommendations of the Advisory Committee
on Immunization Practices--United States, 2015-2016.
MMWR. 2015;64(30):818-25.

159. Van Reeth,K. Avian and swine influenza viruses: our current
understanding of the zoonotic risk. Vet Res. 2007;38(2):243-
60.

160. 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.

161. 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 29
Feb 2016.

162. Aamir UB, Naeem K, Ahmed Z, Obert CA, Franks J, Krauss
S, Seiler P, Webster RG. Zoonotic potential of highly
pathogenic avian H7N3 influenza viruses from Pakistan.
Virology. 2009;390(2):212-20.

163. Belser JA, Lu X, Maines TR, Smith C, Li Y, Donis RO, Katz
JM, Tumpey TM. Pathogenesis of avian influenza (H7) virus
infection in mice and ferrets: enhanced virulence of Eurasian
H7N7 viruses isolated from humans. J Virol.
2007;81(20):11139-47.

164. 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.

165. Belser JA, Gustin KM, Pearce MB, Maines TR, Zeng H,
Pappas C, Sun X, Carney PJ, Villanueva JM, Stevens J, Katz
JM, Tumpey TM. Pathogenesis and transmission of avian
influenza A (H7N9) virus in ferrets and mice. Nature.
2013;501(7468):556-9.

page 14 of 18


http://www.cdc.gov/flu/professionals/index.htm

166. Kwit K, Pomorska-Mol M, Markowska-Daniel 1. Pregnancy
outcome and clinical status of gilts following experimental
infection by HIN2, H3N2 and H1N1pdmO09 influenza A
viruses during the last month of gestation. Arch Virol.
2015;160(10):2415-25.

167. 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.

168. Janke BH. Clinicopathological features of swine influenza.
Curr Top Microbiol Immunol. 2013;370:69-83.

169. 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. PL0S One. 2013;8(8):e71444.

170. 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.

171. 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.

172. Nielsen AA, Jensen TH, Stockmarr A, Jorgensen PH.
Persistence of low-pathogenic HSN7 and H7N1 avian
influenza subtypes in filtered natural waters. Vet Microbiol.
2013;166(3-4):419-28.

173. 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.

174. 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.

175. 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 HIN2 survival at different temperatures
and pHs. Avian Dis. 2010;54(1 Suppl):725-8.

176. 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.

177. Dublineau A, Batejat C, Pinon A, Burguiere AM, Leclercq I,
Manuguerra JC. Persistence of the 2009 pandemic influenza A
(H1NZ1) virus in water and on non-porous surface. PLoS One.
2011;6(11):28043.

178. Haas B, Ahl R, Bohm R, Strauch D. Inactivation of viruses in
liquid manure. Rev Sci Tech. 1995;14(2):435-45.

179. 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.

180. 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.

Last Updated: February 2016

© 2009-2016

Swine Influenza

181. 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.

182. Oxford J, Berezin EN, Courvalin P, Dwyer DE, Exner M,
Jana LA et al. The survival of influenza A(HIN1)pdmO09 virus
on 4 household surfaces. Am J Infect Control.
2014;42(4):423-5.

183. 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.

184. 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.

185. Gray GC, McCarthy T, Capuano AW, Setterquist SF,
Alavanja MC, Lynch CF. Evidence for avian influenza A
infections among lowa's agricultural workers. Influenza Other
Respir Viruses. 2008;2(2):61-9.

186. International Committee on Taxonomy of Viruses [ICTV].
Virus Taxonomy: 2014 Release. EC 46, Montreal, Canada,
July 2014, Email ratification 2015 (MSL #29)]. 2014.
Orthomyxoviridae [online]. Available at:
http://www.ictvonline.org/. Accessed 27 Feb 2016.

187. Public Health Agency of Canada. Pathogen Safety Data Sheet
— Influenza A virus type A. Pathogen Regulation Directorate,
Public Health Agency of Canada; 2012 Feb. Available at:
http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/influenza-a-
eng.php. Accessed 16 June 2014.

188. Public Health Agency of Canada. Pathogen Safety Data Sheet
— Influenza A virus subtypes H5, H7 and H9. Pathogen
Regulation Directorate, Public Health Agency of Canada;
2012 Apr. Available at: http://www.phac-aspc.gc.ca/lab-
bio/res/psds-ftss/influenza-grippe-a-eng.php. Accessed 16
June 2014.

189. Ardans AA. Equine influenza. In: Hirsch DC, Zee YC,
editors. Veterinary microbiology. Malden, MA: Blackwell
Science; 1999. p. 398-399.

190. 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.
PL0S One. 2010;5(2):e8987.

191. Lu H, Castro AE, Pennick K, Liu J, Yang Q, Dunn P,
Weinstock D, Henzler D. Survival of avian influenza virus
H7NZ2 in SPF chickens and their environments. Avian Dis.
2003;47(3 Suppl):1015-21.

192. 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.

193. Deblanc C, Gorin S, Queguiner S, Guatier-Bouchardon AV,
Ferre S, Amenna N, Cariolet R, Simon G. Pre-infection of
pigs with Mycoplasma hyopneumoniae modifies outcomes of
infection with European swine influenza virus of HIN1, but
not HIN2, subtype. Vet Microbiol. 2012;157:96-105.

page 15 of 18


http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/influenza-grippe-a-eng.php
http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/influenza-grippe-a-eng.php

194. Fablet C, Marois-Crehan C, Simon G, Grasland B, Jestin A,
Kobisch M, Madec F, Rose N. Infectious agents associated
with respiratory diseases in 125 farrow-to-finish pig herds: a
cross-sectional study. Vet Microbiol. 2012;157(1-2):152-63.

195. Promed Mail. Influenza A (H1N1): animal health(04),
infected swine, Canada. May 2, 2009. Archive Number
20090502.1653. Available at http://www.promedmail.org.
Accessed 3 May 20009.

196. Promed Mail. PRO/AH/EDR> Influenza pandemic (H1N1)
2009, animal health (05): Austr., swine. Aug 26, 2009.
Archive Number 20090826.2999. Available at
http://www.promedmail.org. Accessed 18 Sept 20009.

197. Promed Mail. PRO/AH> Influenza pandemic (H1N1) 2009,
animal health (06): Canada, swine Aug 28, 2009. Archive
Number 20090828.3027. Available at
http://www.promedmail.org. Accessed 5 Nov 2009.

198. Promed Mail. PRO/AH/EDR> PRO/AH/EDR> Influenza
pandemic (H1IN1) 2009, animal (19): Iceland swine, OIE.
October 28, 2009. Archive Number 20091028.3737. Available
at http://www.promedmail.org. Accessed 5 Nov 2009.

199. Promed Mail. PRO/AH/EDR> Influenza A (H1N1): animal
health (07), swine, Canada, OIE. May 6, 2009. Archive
Number 20090506.1691. Available at
http://www.promedmail.org. Accessed 5 Nov 20009.

200. Promed Mail. PRO/AH/EDR> Influenza pandemic (H1N1)
2009, animal (24): USA, OIE. Nov 7, 2009. Archive Number
20091107.3857. Available at http://www.promedmail.org.
Accessed 30 Nov 2009.

201. Promed Mail. PRO/AH/EDR> Influenza pandemic (H1IN1)
2009, animal health (31): Finland, swine, OIE. Dec 1, 2009.
Archive Number 20091201.4106. Available at
http://www.promedmail.org. Accessed 2 Dec 2009.

202. Promed Mail. PRO/AH/EDR> Influenza pandemic (H1IN1)
2009, animal (35): Italy, swine, OIE. Dec 5, 2009. Archive
Number 20091205.4144. Available at
http://www.promedmail.org. Accessed 11 Dec 2009.

203. Promed Mail. PRO/AH/EDR> Influenza pandemic (H1N1)
2009, animal (38): Mexico, swine, OIE. Dec 11, 2009.
Archive Number 20091211.4214. Available at
http://www.promedmail.org. Accessed 15 Dec 2009.

204. Promed Mail. PRO/AH/EDR> Influenza pandemic (H1N1)
2009, animal (39): Germany, swine, OIE. Dec 11, 2009.
Archive Number 20091211.4220. Available at
http://www.promedmail.org. Accessed 15 Dec 2009.

205. Pasma T, Joseph T. Pandemic (HLN1) 2009 infection in
swine herds, Manitoba, Canada. Emerg Infect Dis.
2010;16(4):706-8.

206. Promed Mail. PRO/AH/EDR> Influenza pandemic (H1N1)
2009, animal (23): Taiwan, OIE. Nov 6, 2009. Archive
Number 20091106.3840. Available at
http://www.promedmail.org. Accessed 30 Nov 2009.

207. 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.

Last Updated: February 2016

© 2009-2016

Swine Influenza

208. 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):1000102.

209. 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

210. 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.

211. Detmer S, Gramer M, Goyal S, Torremorell M, Torrison J.
Diagnostics and surveillance for swine influenza. Curr Top
Microbiol Immunol. 2013;370:85-112.

212. Romagosa A, Gramer M, Joo HS, Torremorell M. Sensitivity
of oral fluids for detecting influenza A virus in populations of
vaccinated and non-vaccinated pigs. Influenza Other Respi
Viruses. 2012;6(2):110-8.

213. Vincent AL, Lager KM, Janke BH, Gramer MR, Richt JA.
Failure of protection and enhanced pneumonia with a US
H1N2 swine influenza virus in pigs vaccinated with an
inactivated classical swine HIN1 vaccine. Vet Microbiol.
2008;126(4):310-23.

214. Kitikoon P, Vincent AL, Janke BH, Erickson B, Strait EL,
Yu S, Gramer MR, Thacker EL. Swine influenza matrix 2
(M2) protein contributes to protection against infection with
different H1 swine influenza virus (SIV) isolates. Vaccine.
2010;28(2):523-31.

215. Gauger PC, Vincent AL, Loving CL, Henningson JN, Lager
KM, Janke BH, Kehrli ME, Jr., Roth JA. Kinetics of lung
lesion development and pro-inflammatory cytokine response
in pigs with vaccine-associated enhanced respiratory disease
induced by challenge with pandemic (2009) A/HIN1
influenza virus. Vet Pathol. 2012;49(6):900-12.

216. Beard CW. Avian influenza. In: Foreign animal diseases.
Richmond, VA: United States Animal Health Association;
1998. p. 71-80..

217. United States Geological Survey [USGS]. National Wildlife
Health Center. List of species affected by H5N1 (avian
influenza) [online]. USGS; 2013 May. Available at:
http://www.nwhc.usgs.gov/disease information/avian_influen
zalaffected_species chart.jsp. Accessed 16 June 2014.

218. Ellis TM, Leung CY, Chow MK, Bissett LA, Wong W, Guan
Y, Malik Peiris JS. Vaccination of chickens against HSN1
avian influenza in the face of an outbreak interrupts virus
transmission. Avian Pathol. 2004;33(4):405-12.

219. 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.

220. Alexander DY. A review of avian influenza [monograph
online]. Available at:
http://www.esvv.unizh.ch/gent_abstracts/Alexander.html.*
Accessed 30 Aug 2004.

221. Pork magazine [online]. NPB advises producers to protect
herds. 24 Apr 2009. Available at: http://www.porkmag.com/
swineflu.asp?ts=sfa&pglD=675&ed_id=7423.* Accessed 27
Apr 2009.

page 16 of 18


http://www.promedmail.org/
http://www.promedmail.org/
http://www.promedmail.org/
http://www.promedmail.org/
http://www.promedmail.org/
http://www.promedmail.org/
http://www.promedmail.org/
http://www.promedmail.org/
http://www.promedmail.org/
http://www.promedmail.org/
http://www.promedmail.org/
http://www.nwhc.usgs.gov/disease_information/avian_influenza/affected_species_chart.jsp
http://www.nwhc.usgs.gov/disease_information/avian_influenza/affected_species_chart.jsp

222. Canadian Food Inspection Agency[CFIA]. HIN1 flu virus -
advice for veterinarians and swine producers. CFIA; Aug
2012. Available at: http://www.inspection.gc.ca/animals/
terrestrial-animals/diseases/other-diseases/h1n1-flu-
virus/advice/eng/1344123804133/1344123976857. Accessed
17 June 2012.

223. U.S. Department of Agriculture, Animal and Plant Health
Inspection Service, Veterinary Services [USDA APHIS, VS].
Frequently asked questions. Swine and human cases of swine
influenza A (H1N1) [online]. USDA APHIS, VS; 2009 Apr.
Auvailable at:
http://www.usda.gov/wps/portal/lut/p/ s.7_0_A/7_0_10B?co
ntentidonly=true&contentid=2009/04/0131.xml. Accessed 27
Apr 2009.

224. Feng Z, Baroch JA, Long LP, Xu Y, Cunningham FL,
Pedersen K, Lutman MW, Schmit BS, Bowman AS,
DeL.iberto TJ, Wan XF. Influenza A subtype H3 viruses in
feral swine, United States, 2011-2012. Emerg Infect Dis.
2014;20(5):843-6.

225. Cho YY, Lim SI, Jeoung HY, Kim YK, Song JY, Lee JB, An
DJ. Serological evidence for influenza virus infection in
Korean wild boars. J Vet Med Sci. 2015;77(1):109-12.

226. Mastin A, Alarcon P, Pfeiffer D, Wood J, Williamson S,
Brown I, Wieland B. Prevalence and risk factors for swine
influenza virus infection in the English pig population. PLoS
Curr. 2011;3:RRN1209.

227. Loeffen WL, Heinen PP, Bianchi AT, Hunneman WA,
Verheijden JH. Effect of maternally derived antibodies on the
clinical signs and immune response in pigs after primary and
secondary infection with an influenza HIN1 virus. Vet
Immunol Immunopathol. 2003;92(1-2):23-35.

228. Renshaw HW. Influence of antibody-mediated immune
suppression on clinical, viral, and immune responses to swine
influenza infection. Am J Vet Res. 1975;36(1):5-13.

229. Promed Mail. PRO/AH/EDR> Influenza pandemic (H1N1)
2009, animal (09): UK (NI) swine, OIE. Sept. 18, 2009.
Archive Number 20090918.3280. Available at
http://Aww.promedmail.org. Accessed 18 Sept 2009.

230. Promed Mail. PRO/AH> Influenza A (H1N1): animal health
(09), swine, Canada. May 13, 2009. Archive Number
20090513.1790. Available at http://www.promedmail.org.
Accessed 5 Nov 20009.

231. Promed Mail. PRO/AH/EDR> Influenza pandemic (H1N1)
2009, animal (17): Japan (OS) swine, OIE. Oct 22, 2009.
Archive Number 20091022.3635. Available at
http://www.promedmail.org. Accessed 5 Nov 20009.

232. Promed Mail. PRO/AH/EDR> Influenza pandemic (H1N1)
2009, animal health (10): Ireland. Oct 2, 2009. Archive
Number 20091002.3427. Available at
http://www.promedmail.org. Accessed 5 Nov 2009.

233. Promed Mail. PRO/AH/EDR> Influenza pandemic (H1N1)
2009, animal health (09): Indonesia, swine. Nov 27, 2009.
Archive Number 20091127.4071. Available at
http://www.promedmail.org. Accessed 30 Nov 2009.

234. 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.

Last Updated: February 2016

© 2009-2016

Swine Influenza

235. 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 HIN2 influenza
viruses in pigs. J Virol. 2016 [Epub ahead of print].

236. Akerstedt J, Valheim M, Germundsson A, Moldal T, Lie KI,
Falk M, Hungnes O. Pneumonia caused by influenza A HIN1
2009 virus in farmed American mink (Neovison vison). Vet
Rec. 2012;170(14):362.

237. Reperant LA, Rimmelzwaan GF, Kuiken T. Avian influenza
viruses in mammals. Rev Sci Tech. 2009;28(1):137-59.

238. 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.

239. 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.

240. 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.

241. Gerloff NA, Kremer JR, Charpentier E, Sausy A, Olinger
CM, Weicherding P, Schuh J, Van RK, Muller CP. Swine
influenza virus antibodies in humans, western Europe, 2009.
Emerg Infect Dis. 2011;17(3):403-11.

242. 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.

243. Kumar S, Henrickson KJ. Update on influenza diagnostics:
lessons from the novel HIN1 influenza A pandemic. Clin
Microbiol Rev. 2012;25(2):344-61.

244. St George K. Diagnosis of influenza virus. Methods Mol
Biol. 2012;865:53-69.

245. Uyeki TM. Human infection with highly pathogenic avian
influenza A (H5N1) virus: review of clinical issues. Clin
Infect Dis. 2009;49(2):279-90.

246. Kalthoff D, Bogs J, Harder T, Grund C, Pohlmann A, Beer
M, Hoffmann B. Nucleic acid-based detection of influenza A
virus subtypes H7 and N9 with a special emphasis on the
avian H7N9 virus. Euro Surveill. 2014;19(10).

247. Hackett H, Bialasiewicz S, Jacob K, Bletchly C, Harrower B,
Nimmo GR, Nissen MD, Sloots TP, Whiley DM. Screening
for H7N9 influenza A by matrix gene-based real-time reverse-
transcription PCR. J Virol Methods. 2014;195:123-5.

248. 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.

249. 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.

250. Marzoratti L, lannella HA, Gomez VF, Figueroa SB. Recent
advances in the diagnosis and treatment of influenza
pneumonia. Curr Infect Dis Rep. 2012;14(3):275-83.

251. ShiJ, 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.
PL0S One. 2013;8(10):e77651.

page 17 of 18


http://www.inspection.gc.ca/animals/%0bterrestrial-animals/diseases/other-diseases/h1n1-flu-virus/advice/eng/1344123804133/1344123976857
http://www.inspection.gc.ca/animals/%0bterrestrial-animals/diseases/other-diseases/h1n1-flu-virus/advice/eng/1344123804133/1344123976857
http://www.inspection.gc.ca/animals/%0bterrestrial-animals/diseases/other-diseases/h1n1-flu-virus/advice/eng/1344123804133/1344123976857
http://www.usda.gov/wps/portal/!ut/p/_s.7_0_A/7_0_1OB?contentidonly=true&contentid=2009/04/0131.xml
http://www.usda.gov/wps/portal/!ut/p/_s.7_0_A/7_0_1OB?contentidonly=true&contentid=2009/04/0131.xml
http://www.promedmail.org/
http://www.promedmail.org/
http://www.promedmail.org/
http://www.promedmail.org/
http://www.promedmail.org/

252. Kluska V, Macku M, Mensik J. [Demonstration of antibodies
against swine influenza viruses in man]. Cesk Pediatr.
1961;16:408-14.

253. Kumar A. Pandemic H1N1 influenza. J Thorac Dis.
2011;3(4):262-70.

254. 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.

255. Thorlund K, Awad T, Boivin G, Thabane L. Systematic
review of influenza resistance to the neuraminidase inhibitors.
BMC Infect Dis. 2011;11:134.

256. Public Health Agency of Canada. Pathogen Safety Data Sheet
— Influenza virus (B and C). Pathogen Regulation Directorate,
Public Health Agency of Canada; 2012 Apr. Available at:
http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/influenza-
grippe-b-c-eng.php. Accessed 16 June 2014.

257. 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.

258. 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.

259. 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.

260. Centers for Disease Control and Prevention [CDC]. Press
briefing transcript: CDC briefing on public health
investigation of human cases of swine influenza. CDC; 28 Apr
2009. Available at: http://www.cdc.gov/hin1flu/press/.
Accessed 29 Apr 20009.

261. Krumbholz A, Lange J, Durrwald R, Hoyer H, Bengsch S,
Wautzler 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.

262. 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, lowa, 2002-2004. Influenza Other Respi Viruses.
2010;4(6):387-96.

263. Ma M, Anderson BD, Wang T, Chen Y, Zhang D, Gray GC,
Lu J. Serological evidence and risk factors for swine influenza
infections among Chinese swine workers in Guangdong
Province. PLoS One. 2015;10(5):e0128479.

264. 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 [Epub
ahead of print].

Last Updated: February 2016

© 2009-2016

Swine Influenza

265. 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.

266. Qiu Y, Muller CP, Van RK. Lower seroreactivity to
European than to North American H3N2 swine influenza
viruses in humans, Luxembourg, 2010. Euro Surveill.
2015;20(13):25-33.

267. Qi X, Pan Y, Qin Y, Zu R, Tang F, Zhou M, Wang H, Song
Y. Molecular characterization of avian-like HIN1 swine
influenza A viruses isolated in eastern China, 2011. Virol Sin.
2012;27(5):292-8.

268. Smith JW. Swine influenza in Hodgkin's disease. N Engl J
Med. 1976;295(13):732.

*link defunct as of 2016

page 18 of 18


http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/influenza-grippe-b-c-eng.php
http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/influenza-grippe-b-c-eng.php
http://www.cdc.gov/h1n1flu/press/

	Swine Influenza
	Importance
	Etiology
	Subtypes and diversity in swine influenza viruses
	North America
	Europe
	Asia
	Other regions
	Influenza B and C viruses in pigs

	Species Affected
	Zoonotic Potential
	The 2009 pandemic H1N1 virus

	Geographic Distribution
	Transmission
	Transmission to humans

	Disinfection

	Infections in Animals
	Incubation Period
	Clinical Signs
	Swine influenza viruses in pigs
	Other influenza viruses in pigs
	Swine influenza viruses in turkeys
	Swine influenza viruses in mink and ferrets

	Post Mortem Lesions
	Diagnostic Tests
	Treatment
	Control
	Disease reporting
	Prevention

	Morbidity and Mortality
	Swine influenza viruses
	Other influenza viruses in pigs
	Swine influenza viruses in mink and ferrets


	Infections in Humans
	Incubation Period
	Clinical Signs
	Diagnostic Tests
	Treatment
	Prevention
	Morbidity and Mortality

	Internet Resources
	References

