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Summary

The Department of Agriculture has reviewed whether the level of biosecurity risk in relation to
canine influenza has changed since the completion of the Importation of dogs and cats and their
semen from approved countries: final policy review (Dog and cat review 2013), released in
November 2013. The Dog and cat review 2013 considered the biosecurity risks for Australia
associated with the importation of companion animals and their reproductive material from
approved countries.

In early 2018, Australia identified a case of canine influenza virus (CIV) in an imported dog in
the Melbourne post-entry quarantine facility (PEQ). Due to the application of strict biosecurity
measures the incident was isolated and resolved in the PEQ facility. This incident was similar to
a case that occurred in a New Zealand quarantine facility approximately1 month earlier in 2018.

The department then commenced a review of the biosecurity risk associated with CIV in dogs to
determine if the current biosecurity measures in place continue to meet Australia’s appropriate
level of protection (ALOP) in light of the changing global distribution of the disease and
identification of the disease in an imported dog in the Australian PEQ facility. The policy review
of CIV was completed after considering new and relevant previewed scientific information,
advice from international scientific experts and operational practicalities.

The policy review recommends biosecurity measures for the importation of dogs and cats and
their semen from approved countries be enhanced for CIV. This policy review replaces the
former CIV chapter in the Dog and cat review 2013.
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Canine influenza

In 2013 canine influenza virus was identified by Australia as a disease of biosecurity concern for
dogs through a process of risk review. That review was published as Importation of dogs and
cats and their semen from approved countries: final policy review, November 2013 (Department
of Agriculture 2013). Since the publication of the risk review the distribution of CIV has
increased and more is known about the subtypes involved. Consequently a review of the policy
for this emerging disease is necessary.

Background

CIV is a highly contagious viral pathogen. It causes respiratory illness (canine influenza) of
varying severity in the majority of infected dogs. CIV can form part of the canine infectious
respiratory disease complex (CIRD) in conjunction with other infectious agents such as canine
parainfluenza virus, canine adenovirus type-2 and canine herpesvirus 1. Canine influenza is not
an OIE-listed disease and is not nationally notifiable in Australia (Department of Agriculture
2017; OIE 2018). There is no evidence to suggest that CIV can infect humans (Abente et al. 2016;
Lietal. 2018; Voorhees et al. 2017).

CIV is an influenza A virus of the family Orthomyxoviridae (genus Influenzavirus A) (Hilling &
Hanel 2010; Sun et al. 2017). Influenza A viruses can spill over into new host species. The
emergence of CIV in the late 1990s has been attributed to a host jump by influenza A from
horses and birds directly to dogs (Rodriguez et al. 2017; Voorhees et al. 2017). Two subtypes of
CIV have been identified in dogs - H3N8 and H3N2 (Abente et al. 2016; Jirjis et al. 2010; Kim et
al. 2013; Lee et al. 2009; Voorhees et al. 2017). A number of strains have been isolated from
each subtype. Cats have been shown to become infected with H3N2 but not H3N8 (Dalziel et al.
2014; Kim et al. 2013). Infection of cats was believed to be due to close proximity to infected
dogs in a shelter environment (Dalziel et al. 2014) and is regarded as a ‘spill over’ event.

H3N8 is endemic in the United States, whereas H3N2 is endemic in the Republic of Korea, China,
Thailand and the United States (Abente et al. 2016; Chanvatik et al. 2016; Lee et al. 2009; Li et
al. 2010; Voorhees et al. 2017). Outbreaks of H3N2 have also been detected in Canada and
Singapore (Low 2018; Weese 2018b).

Other influenza A subtypes have been isolated from dogs, such as pandemic HIN1/2009, avian
H5N1, HIN1, HIN2 and human H3N2 (Chen et al. 2018; Lin et al. 2012; Songserm et al. 2006).
Seroprevalence studies suggest that such infections are uncommon. A serological survey of pet
dogs in several Chinese provinces found only 1.5% dogs were seropositive for pandemic
H1N1/2009 (Sun et al. 2014), whereas a similar study in Italy found 0.7% of dogs showed
evidence of exposure to HIN1/2009 (Dundon et al. 2010). Transmissibility of pandemic
H1N1/2009 was shown to be poor between dogs (Lin et al. 2012), and it is likely these
infections were passed on from their owners or caused by ingestion of infected poultry meat
(Lin etal. 2012; Songserm et al. 2006).

There is no evidence that CIV has been involved in outbreaks of CIRD within Australia. However,
CIV was detected and contained without spread in imported dogs at post entry quarantine
(PEQ) facilities in New Zealand in March 2018 (Bingham 2018) and in Australia in May 2018.
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Technical information

Agent properties
Influenza A viruses, such as CIV, have a lipid envelope, are 80-120 nm in diameter and contain a
genome of 8 segments of single-stranded, negative-sense RNA (Hilling & Hanel 2010).

Influenza viruses can persist and remain infective on skin, fabrics and contaminated equipment,
making fomites important in transmission (Bean et al. 1982). At 35-40% relative humidity and
a temperature of 28°C, influenza A viruses persist on hard, nonporous surfaces such as stainless
steel and plastic for 24-48 hours, but for less than 8-12 hours on porous surfaces such as cloth
and paper (Bean et al. 1982). Influenza A virus was transferred from stainless steel surfaces to
hands for up to 24 hours and from paper tissues to hands for up to 15 minutes (Bean et al.
1982). The virus persists on hands for up to 5 minutes after transfer from environmental
surfaces (Bean et al. 1982). Sakaguchi and colleagues (2010) found that influenza A viruses can
survive on personal protective equipment such as gloves, gowns and surgical masks for

24 hours. There is no known difference in environmental persistence between the 2 subtypes of
CIV.

Influenza A viruses are inactivated by a range of disinfectants and chemicals, including alcohol
(e.g. ethanol, isopropanol), chloroxylenol, bleach, phenols (toxic to cats), quaternary ammonium
compounds, oxidising agents (for example Virkon®) and detergents (AVMA 2009). Bleach and
quaternary ammonium compounds are commonly used as disinfectant agents in shelters
(CFSPH 2009). Cleaning prior to disinfection is essential as the effectiveness of these agents is
reduced in the presence of organic matter (CFSPH 2009).

The surfactant action of soaps and detergents is also an effective decontaminant for CIV as it
destroys the outer lipid envelope of the virus (Grayson et al. 2009). Soap and water or alcohol-

based hand gels are suitable for personal disinfection against influenza viruses (Grayson et al.
2009).

Epidemiology

Host Range

H3N8

H3N8 infections have been reported in dogs and pigs (Parrish, Murcia & Holmes 2014). H3N8
circulating in dogs has not been reported to be transmitted back to horses due to selective
adaption of the virus to dogs (Parrish, Murcia & Holmes 2014). There is no evidence that dogs
or pigs can transmit H3N8 to other species of animals (Dalziel et al. 2014; Pulit-Penaloza et al.
2017). Cats and horses have only been infected experimentally with H3N8 (Parrish, Murcia &
Holmes 2014).

H3N2
H3N2 infections have been reported in dogs and cats (Kim et al. 2013). During an outbreak of

H3N2 at a dog shelter, cats housed in a separate building at the shelter site also became infected
with H3N2 (Jeoung et al. 2013; Lei et al. 2012; Song et al. 2011). Fomites may have been the
cause of cats developing the infection and transmission was not maintained amongst the cats
(Jeoung etal. 2013; Lei et al. 2012; Song et al. 2011). Mice, ferrets and guinea pigs have been
infected experimentally with H3N2, however transmission of H3N2 from experimentally
infected animals to other animals was not deemed efficient (Kim et al. 2013).
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Distribution

H3N8

Sequencing identified that the CIV caused by H3N8, which was isolated in the United States,
originated from a host jump of equine influenza virus H3N8 to dogs resulting in a dog-specific
influenza A virus that caused acute respiratory disease (Crawford et al. 2006).

This was not the first time equine influenza has been demonstrated to transfer from horses to
dogs. A retrospective study conducted in the United Kingdom identified equine influenza virus
H3N8 as the cause of an outbreak of severe respiratory disease in a single pack of 92 English
foxhounds in 2002 (Daly et al. 2008). The dogs were all located on a single property and were
housed in close proximity to horses with equine influenza (Daly et al. 2008). In addition, the
dogs had been fed horse meat sourced externally with an unknown health status (Daly et al.
2008). This was an isolated case that did not involve further transmission to other animals
(Daly et al. 2008).

During the equine influenza outbreak in Australia in 2007, 23 dogs in close proximity to infected
horses were found to have seroconverted (Crispe et al. 2011; Kirkland et al. 2010). Ten of the 23
dogs also developed clinical signs consistent with an influenza infection (Crispe et al. 2011).
There was no evidence of the equine influenza virus being transmitted from dogs to other
animals (including other dogs) and becoming established in Australia (Crispe et al. 2011;
Kirkland et al. 2010). Similarly a study conducted by Zhou and colleagues (2016) identified
antibodies for equine influenza using haemagglutination inhibition in 5 out of 600 (0.83%) sera
samples collected from pet dogs in China.

Outbreaks of H3N8 in the United States were different to incidents in other countries, in that
virus was able to successfully adapt and propagate in dogs. Clinical respiratory disease caused
by H3N8 was first identified in 22 racing greyhounds in Florida, United States in 2004 (Hilling &
Hanel 2010; Payungporn et al. 2008). The greyhounds developed the disease after sharing
racing facilities in Florida that had been used by horses infected with equine influenza
(Crawford et al. 2006; Rivailler et al. 2010). In 2004, the disease spread to 14 greyhound
racetracks across 6 US states, leading to the infection of approximately 10,000 racing
greyhounds (Hilling & Hanel 2010; Payungporn et al. 2008). In 2005, outbreaks of H3N8
occurred in 11 US states and infected approximately 20,000 racing greyhounds before
spreading to pet dogs (Hilling & Hanel 2010). A retrospective study of 520 sera collected from
racing greyhounds between 1999 and 2004 found that 26% of dogs had antibodies for CIV and
EIV H3 proteins, suggesting that H3N8 may have been circulating in the United States
greyhound population in Florida since 1999 (Anderson et al. 2012).

From 2004 to date, H3N8 has been identified in dogs in 40 US states (Rivailler et al. 2010). It
was the dominant serotype circulating in the United States at the time of the 2013 policy review
but has since been supplanted by H3N2. Since 2017, H3N8 appears to be endemic and
geographically restricted to the north-eastern United States including New York, Vermont, New
Hampshire and Pennsylvania (Dalziel et al. 2014; Hayward et al. 2010; Rivailler et al. 2010;
Voorhees et al. 2017). While H3N8 is still present in the United States, the incidence of disease it
causes appears low by comparison with H3N2 (Voorhees et al. 2017; Weese 2018c).

H3N2
H3N2 is the primary subtype of CIV circulating globally at this time (Pulit-Penaloza et al. 2017).
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H3N2 originated in 2005 from an avian-origin influenza A virus (Voorhees et al. 2017). It has
been hypothesised that the jump from birds to dogs was facilitated via the feeding of H3N2-
infected chicken and duck meat to dogs farmed for the meat trade in Asia (Song et al. 2008;
Voorhees et al. 2017). Transmission may have also occurred when live birds infected with H3N2
and dogs for consumption were placed in close proximity at markets (Song et al. 2008).

CIV caused by H3N2 was first reported in 4 pet dogs showing respiratory signs in China’s
Guangdong province from 2006 to 2007 (Li et al. 2010). In 2012, the rate of H3N2 seropositivity
in farmed and pet dogs in Guangdong province was 12.2% and 5.3% respectively (Su et al.
2013).

H3N2 was also found to be circulating in dogs in the Republic of Korea in 2007 (Lee et al. 2009).
A subsequent retrospective study of sera samples collected between 2004-2009 suggested that
H3N2 may have been present in the Republic of Korea as early as 2005 (Lee et al. 2012;
Voorhees et al. 2017). Lee and colleagues (2009) conducted a serological survey of dogs and
found H3N2 antibodies in 19% of dogs produced for meat production as opposed to 0.5%
(n=419) in pet dogs in the Republic of Korea.

H3N2 has also been reported to be circulating in Thailand. The seroprevalence of H3N2 was
examined in dogs in a veterinary hospital in Bangkok, Thailand in 2012 (Chanvatik et al. 2016).
Chanvatik and colleagues (2013) identified that 12.2% (n=164) of dogs tested had been exposed
to H3N2.

International movement of dogs has been identified as an important factor in the spread of
H3N2 from Asia to the United States. In early 2015, H3N2 was isolated from dogs with
respiratory disease in Chicago (Voorhees et al. 2017). The disease was linked to the import of
dogs rescued from meat markets in the Republic of Korea (Voorhees et al. 2017). H3N2 spread
rapidly throughout the United States, especially in areas of high dog density such as kennels,
shelters and veterinary hospitals (Voorhees et al. 2017). To date, H3N2 has spread to more than
40 states in the United States, including states where H3N8 is endemic (AVMA 2018).

In January 2018, H3N2 was detected in clinically affected dogs in Canada (Weese 2018c). The
outbreak was confined to Ontario, Canada (Weese 2018c). The outbreak was associated with
the rescue of dogs from China that had been imported through the United States to Canada
(Weese 2018b). The disease also spread to shelter and pet dogs (Weese 2018c). This outbreak
was contained by mid-April 2018, however a new outbreak was detected in Ontario in late
October 2018 (Weese 2018b, d).

In March 2018, a clinically affected dog was detected in a New Zealand post entry quarantine
facility (Bingham 2018). This case was managed within the facility and no further transmission
occurred (Bingham 2018).

In May 2018, the first case of CIV due to H3N2 was detected in shelter dogs in the Pasir Ris
Farmway area in Singapore, (Low 2018). To date, the outbreak is known to involve 4 shelters in
the area (Low 2018). Singapore’s Agri-Food and Veterinary Authority advised that H3N2 had
not been detected from dogs with respiratory signs outside of these facilities, although private
veterinarians have reported a number of respiratory cases where CIV was a differential
diagnosis (Low 2018). The source of the outbreak has not been determined.
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H3N2 was detected in May 2018 in a dog imported from Singapore that had entered the
Australian post entry quarantine facility before showing clinical signs of respiratory disease.
This case was managed and contained without further spread in the facility.

Transmission

Transmission of CIV can occur via direct or indirect contact (Crawford 2009). Direct
transmission can occur via oronasal contact with infected dogs, or inhalation of aerosolised
droplets released by coughing and sneezing dogs (Crawford 2009; Hilling & Hanel 2010; Jirjis et
al. 2010). Indirect transmission can occur via fomites (Hilling & Hanel 2010). It is not known
whether either subtype can be transmitted to dogs or other species via meat. As with other
influenza A viruses, there no reports that either CIV subtype can be transmitted through semen.
Fever associated with influenza infections has been found to reduce semen quality (Lugar,
Ragland & Stewart 2017).

As with other influenza A viruses, CIV has tropism for the respiratory tract (Reperant et al.
2012). More severe infections are often associated with infections of the lower respiratory tract,
whilst highly transmissible influenza infections are often associated with infection targeting the
upper respiratory tract (Reperant et al. 2012). CIV-infected dogs routinely shed live virus from
their nasal, oral and/or oropharyngeal cavities (Reperant et al. 2012).

The persistence of shedding varies between CIV subtypes. Dogs infected with H3N8 typically
shed virus for approximately1 week, whilst dogs infected with H3N2 can shed virus for up to 4
weeks (AVMA 2018). Peak shedding for both subtypes often occurs during the incubation
period (AVMA 2018). Approximately 20% of infected dogs will remain asymptomatic but still
spread the virus (Crawford et al. 2006; Hilling & Hanel 2010).

Dogs housed in communal facilities such as kennels, shelters, pet stores, veterinary clinics or
attending dog shows are at highest risk of exposure to circulating CIV via contact with an
infected dog or fomites (Pecoraro et al. 2014; Song et al. 2008). In these types of facilities there
may be a significant proportion of unvaccinated and/or immune-suppressed dogs, including
due to disease, stress and/or malnutrition on arrival. Such animals are at increased risk of
acting as virus multipliers within that population.

Fomites include the clothing, footwear and hands of human handlers, food and water bowls,
leads, bedding and surfaces (Hilling & Hanel 2010). The persistence of CIV on fomites depends
on factors such as virus concentration in infective material, surface type, temperature and
humidity (Killingley & Nguyen-Van-Tam 2013). CIV is more likely to persist for longer on a hard,
non-porous surface than a soft, porous one (Killingley & Nguyen-Van-Tam 2013).

Pathogenesis

Influenza A viruses, such as CIV, replicate in the respiratory tract such as the mucosal
epithelium cells lining the airways from the nose to the terminal airways, in bronchiolalveolar
epithelium. Transfer of the CIV subtypes to dogs from birds and horses is thought to have been
facilitated by the presence of haemagglutinin avian influenza-binding receptors on the bronchial
and bronchioalveolar epithelial cells (Song et al. 2008), and equine-influenza binding receptors
on tracheal and bronchial epithelial cells in dogs (Daly et al. 2008).

CIV replication leads to epithelial cell necrosis and destruction of the respiratory epithelial
barrier, predisposing the dog to secondary infection by a variety of commensal bacteria.
Secondary infections with Bordetella bronchiseptica, E. coli, Klebsiella spp., Mycoplasma spp.,
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Pasteurella multocida, Staphylococcus spp. and Streptococcus spp. are common in CIV infected
dogs and can be serious (Hilling & Hanel 2010; Larson et al. 2011; Watson, Bell & Toohey-Kurth
2016). In the lower respiratory tract, alveolar septa can become thickened by infiltration of
inflammatory cells (Jung et al. 2010). Most clinically affected dogs recover without
complications. However in less than 20% infection may lead to bronchopneumonia associated
with virus-induced cell damage in the lower airway epithelium and complicated by secondary
bacterial infection (Crawford 2009).

Influenza A viruses are able to suppress host antiviral and immune response by suppressing
general protein synthesis by the host. The process responsible for this host protein ‘shutoff’ are
unclear. However, a recent in vitro study suggested a differential effect on general host protein
synthesis by the CIV subtypes (Nogales et al. 2017). H3N2 suppressed both host protein
synthesis and interferon gene expression response in vitro, whereas H3N8 only had an effect on
interferon gene expression (Nogales et al. 2017).

Diagnosis

The clinical signs of CIV are not specific enough for diagnosis and overlap with many of the
agents associated with CIRD. Suitable diagnostic tests available for CIV include reverse
transcription polymerase chain reaction (RT-PCR) and serological testing, such as
haemaglutination inhibition (HI) (Anderson et al. 2012).

RT-PCR is a reliable and sensitive (95% sensitivity) test for detecting both H3N2 and H3N8
(Pecoraro et al. 2014). Successful diagnosis depends on sample collection during peak virus
shedding early in the course of clinical disease (Anderson et al. 2012). Nasal swabs are the
sample of choice for live dogs as it is difficult to obtain a good quality nasopharyngeal or
oropharyngeal swab (Hanson, Tripp & Harvey 2016).

Serological tests such as HI, which has a sensitivity of 99.6% and a specificity of 94.6%, can also
be used to confirm CIV infection, especially in cases where PCR results are negative but the
index of suspicion is high (Anderson et al. 2012). A serological response usually develops 7-10
days post infection and will continue to increase until 14 days (CFSPH 2015; Jirjis et al. 2010).
Paired acute (sick for < 7 days) and convalescent (10-14 days later) serum samples are ideal for
diagnosis of recent active infection (Anderson et al. 2012). Seroconversion is defined as at least
a four-fold increase in antibody titres between acute and convalescent sera (Crawford et al.
2006). No cross reactions were reported when using a HI assay developed for CIV H3N2 in dogs
experimentally infected with human influenzas (seasonal H3N2 and pandemic H1IN1) (Shim et
al. 2015).

Clinical signs

The incubation period for both CIV subtypes is 2 to 5 days (Hilling & Hanel 2010). Dogs of any
age, breed and health status are susceptible. Immunocompromised dogs, puppies and elderly
dogs are at higher risk of severe infection (Merck 2016).

Clinical disease is usually mild, consisting of an acute onset of coughing, sneezing, nasal
discharge, some ocular discharge, lethargy and anorexia (Lee et al. 2018; Li et al. 2018; Li et al.
2010; Payungporn et al. 2008; Voorhees et al. 2017; Watson, Bell & Toohey-Kurth 2016). Non-
productive and dry coughing is the predominant sign and typically persists for up to 3 weeks
(Payungporn et al. 2008). A low grade fever may also precede the onset of coughing (Hilling &
Hanel 2010; Song et al. 2011).
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The disease may progress to a lower respiratory tract infection and even occasionally death due
to complications from pneumonia (Watson, Bell & Toohey-Kurth 2016). Severely infected dogs
with pneumonia show typical signs such as high fever, inappetence, productive cough, increased
respiratory rate and effort (Crawford et al. 2006; Watson, Bell & Toohey-Kurth 2016).
Haemorrhagic pneumonia and subsequent death has been reported in H3N8 infections
(Crawford et al. 2006). More severe lower respiratory tract disease is also associated with
secondary bacterial infections (Payungporn et al. 2008; Watson, Bell & Toohey-Kurth 2016).
Cats have a lower morbidity rate than dogs and commonly present with mild respiratory signs
when infected with CIV (Jeoung et al. 2013).

The mortality rate associated with H3N8 is less than 10% in most cases (Hilling & Hanel 2010).
However some H3N2 strains isolated from China and the Republic of Korea have been
associated with mortality rates reported as high as 22-55% in some shelters (Jeoung et al.
2013; Lee etal. 2018; Song et al. 2011).

Treatment

Treatment consists of supportive care based on clinical signs and laboratory tests. There is no
specific antiviral treatment for CIV. Antitussives do not reduce the frequency and duration of
coughing (Crawford 2009). Antibiotic therapy is not recommended for dogs with mild
respiratory signs associated with CIV as the disease is self-limiting and relatively short lived
(Hilling & Hanel 2010). However in the case of secondary bacterial infections, antibiotics are
indicated for immunosuppressed dogs or those with fever, purulent nasal discharge, productive
cough and pneumonia (Crawford 2009).

Vaccination

Vaccines are available for both subtypes of CIV. Vaccination against CIV decreases both the
likelihood of dogs becoming infected with CIV and the duration and intensity of viral shedding
in infected animals (Cole & McNally 2009; Hilling & Hanel 2010). Furthermore, vaccination
reduces the severity of clinical signs (Larson et al. 2011).

Monovalent inactivated antigen vaccines with an aluminium based adjuvant are available for
both H3N8 and H3N2 (Cobey et al. 2018; Merck 2016). These vaccines do not provide cross-
protection against the non-target subtype. Both monovalent vaccines are registered for use in
the United States, Canada and the Republic of Korea (Merck 2016).

A bivalent inactivated vaccine that covers H3N8 and H3N?2 is also available for use in the United
States, Canada, Singapore and the Republic of Korea (Merck 2016). An intra-nasal bivalent live-
attenuated vaccine is in development (Rodriguez et al. 2017). Mice given this intra-nasal live
vaccine produced a stronger humoral immune response than to the inactivated vaccines
available at the time this work was performed (Rodriguez et al. 2017).

Two vaccinations given 2 to 4 weeks apart followed by a single annual booster is the standard
vaccination protocol for monovalent vaccines developed against H3N2 and H3N8 (Zoetis 2018).
The bivalent vaccine requires 2 vaccinations to be administered 3 weeks apart (Zoetis 2018).
The need for an annual booster with the bivalent vaccine is variable with manufacturers
differing in their advice to clients (Zoetis 2018).

There is no vaccine available that is suitable for use in cats (Merck 2016).
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Control

Dog-to-dog transmission of CIV occurs via co-mingling of infected dogs with naive dogs (Jirjis et
al. 2010). Dogs kept in high density or transient populations such as kennels, dog day care,
shelters, racing environments and dog farms have a greater risk of direct (via contact and
aerosols) and indirect (via fomites) exposure than pet dogs kept at home (Buonavoglia &
Martella 2007; Larson et al. 2011; Pecoraro et al. 2014). Higher seroprevalence has been found
in dogs farmed for meat in China and the Republic of Korea than in pet dogs (Lee et al. 2009; Su
et al. 2013). The seroprevalence of CIV is also high in dog shelters in the United States with a
study by Holt and colleagues (2010) identifying 42% of dogs in a Philadelphia shelter as
seropositive for CIV.

Stringent biosecurity procedures for quarantine and isolation of infected dogs or dogs showing
clinical signs of respiratory illness are necessary to prevent further spread in high density or
transient populations. Given that shedding of H3N2 can continue for up to 4 weeks, the AVMA
recommends isolation of infected dogs and in contact dogs for up to 4 weeks (AVMA 2018).

Human handling of infected dogs and then non-infected dogs in the absence of proper
decontamination has contributed to the transmission of CIV in shelter environments (Miller &
Hurley 2009). United States shelter staff have accidentally infected their own pet dogs through
improper decontamination (Miller & Hurley 2009). Consequently, cleaning and disinfection of
equipment and decontamination of personnel are important in reducing and or controlling the
spread of CIV (Hilling & Hanel 2010). CIV is killed by readily available disinfectants such as
alcohol, quaternary ammonium compounds and diluted bleach (1:30 dilution) solutions (Hilling
& Hanel 2010). However the effectiveness of these agents is reduced in the presence of organic
matter, so cleaning prior to decontamination is critical.

Vaccination is also useful in controlling ongoing transmission of CIV, especially in smaller
shelters with lower dog throughput, as this environment has less dogs entering that are naive to
the infections circulating within the shelter environment (Dalziel et al. 2014). Vaccination
reduces the duration of shedding in infected dogs, which reduces the rate of transmission of the
disease (Dalziel et al. 2014; Hilling & Hanel 2010).

Current biosecurity measures
The following biosecurity measures were put in place to manage the biosecurity risk of CIV in
imported dogs following the 2013 policy review.

For dogs imported from the United States only:

e  Within 12 months and at least 14 days immediately before export, the dog must have a
current vaccination status against canine influenza, in accordance with the vaccine
manufacturer’s recommendations.

For dogs from all countries:
e  Within 5 days immediately before export, the dog must be subjected to a thorough physical

examination by a registered veterinarian and found to be free from clinical signs of canine
influenza.

Risk assessment
The following key points were drawn from the preceding information to inform the review of
biosecurity risk presented by CIV:
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e (ClIVisnotan OIE listed disease.

e (IVis presentin the United States, the Republic of Korea, Thailand, China, Singapore and
Canada.

— H3N8is endemic to the United States only.

— H3N2 is now endemic in the Republic of Korea, China, Thailand and the United States.
H3N2 has emerged in Singapore.

—  China and Thailand are not approved countries to export companion animals to
Australia.

e  QOutbreaks of H3N2 were detected in Canada in 2018 (Weese 20183, d). The last outbreak
was detected in late October 2018 and remains unresolved (Weese 2018d).

e Peak shedding of virus occurs in the preclinical incubation phase of infection (AVMA 2018).
Shedding can last forl week in H3N8 infections and up to 4 weeks in H3N2 infections
(AVMA 2018).

e  Sub-clinically infected dogs can also shed virus (AVMA 2009). A prolonged carrier and
shedding status has not been reported following infection.

e  Vaccination against CIV decreases both the likelihood of dogs becoming infected with CIV
and reduces viral shedding in infected animals (Merck 2016).

e The United States, Canada, Singapore and the Republic of Korea have vaccines for CIV
(Merck 2016).

e Dogs in high density communal facilities such as shelters and kennels have the highest risk
of contracting CIV due to the increased likelihood of direct contact with an infected dog and
exposure to aerosolised virus particles (Buonavoglia & Martella 2007; Larson et al. 2011;
Pecoraro et al. 2014).

o Fomite transmission is also very important in the transmission of CIV, as the virus can
survive for up to 48 hours on a surface given the correct conditions (Bean et al. 1982).
Humans acting as fomites is a risk in the spread of CIV (Miller & Hurley 2009).

e  QOutbreaks of H3N2 in the United States and Canada have been linked to the importation of
dogs rescued from shelters or dog meat farms in Asia (Weese 2018c).

e C(CIVis notnotifiable in Australia.

e (CIV was detected in Australia in an imported dog in post-entry quarantine in May 2018.
Further spread of CIV from this case did not occur.

e  Astudy conducted by Animal Medicines Australia in 2016 identified that 38% of
households in Australia own at least1 dog and that there is an estimated population of 4.8
million dogs nationally.

e  There is no CIV vaccine currently approved for use in Australia.
e The Australian dog population is naive to either subtype of CIV.

e In most dogs, the health impact of CIV infection is typically mild; with most dogs recover
without complications (Lee et al. 2018; Payungporn et al. 2008; Voorhees et al. 2017).
However, pneumonia associated with secondary bacterial infection occurs in a low
proportion of CIV infected dogs but can be fatal (Crawford et al. 2006; Watson, Bell &
Toohey-Kurth 2016).
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e Therisk associated with CIV is the highly contagious nature of the disease which is often
seen to result in waves of infection through populations of naive dogs. Dogs can be infected
with CIV multiple times (Hilling & Hanel 2010).

e Immunocompromised dogs, puppies and elderly dogs are at a higher risk of severe
infection (Merck 2016).

e Inthe case of secondary bacterial infections, antibiotics are indicated for
immunosuppressed dogs or those with fever, purulent nasal discharge, productive cough
and pneumonia (Crawford 2009).

e  The mortality rate associated with H3N8 is less than 10% in most cases (Hilling & Hanel
2010). However some H3N2 strains isolated from China and the Republic of Korea have
been found to be more virulent with mortality rates reported as high as 22-55% in some
shelters (Jeoung et al. 2013; Lee et al. 2018; Song et al. 2011).

e There is no specific antiviral treatment for CIV, and treatment is supportive. Antitussives do
not reduce the frequency and duration of coughing (Crawford 2009).

e (CIVinfection can lead to significant financial cost to owners, animal shelters and animal
rescue organisations. Stakeholders have previously identified CIV as a disease of concern.

Conclusion
Based on the preceding key points, it was concluded that risk management measures for CIV are
warranted for dogs from all countries approved to export dogs to Australia.

The information available also indicated that risk management measures for CIV are not
warranted for dog semen.

In countries where evidence of CIV of either subtype has not been detected:

e  Within 5 days immediately before export, the dog must be subjected to a thorough physical
examination by a registered veterinarian and found to be free from clinical signs of
infectious or contagious disease (such as CIV).

In countries where evidence of CIV of either subtype has been detected (and a vaccine is
available):

e  Within 12 months and at least 14 days immediately before export, the dog must be fully
vaccinated! against the circulating strain(s) of CIV in the exporting country as per the
manufacturer’s direction; and

e  Within 5 days immediately before export, the dog must be subjected to a thorough physical
examination by a registered veterinarian and found to be free from clinical signs of
infectious or contagious disease (such as CIV).

t Fully vaccinated refers to dogs over 8 weeks of age that have undergone a primary CIV vaccination
(inactivated vaccine) course, consisting of 2 vaccinations administered 2 to 4 weeks apart, within 12
months and at least 14 days immediately prior to export. If the dog was last vaccinated more than 12
months before export, it must receive a single booster vaccination within 12 months and at least 14 days
immediately prior to export.
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Glossary

Term or abbreviation

ALOP

appropriate level of protection
(ALOP) for Australia

Australian territory

biosecurity

biosecurity measures

biosecurity risk

endemic

goods

host

pathogen
PCR

PEQ

quarantine

risk analysis

stakeholders

Definition

Appropriate level of protection

The Biosecurity Act 2015 defines the appropriate level of protection (or ALOP)
for Australia as a high level of sanitary and phytosanitary protection aimed at
reducing biosecurity risks to very low, but not to zero.

Australian territory as referenced in the Biosecurity Act 2015 refers to
Australia, Christmas Island and Cocos (Keeling) Islands.

The prevention of the entry, establishment or spread of unwanted pests and
infectious disease agents to protect human, animal or plant health or life, and
the environment.

The Biosecurity Act 2015 defines biosecurity measures as measures to manage
any of the following: biosecurity risk, the risk of contagion of a listed human
disease, the risk of listed human diseases entering, emerging, establishing
themselves or spreading in Australian territory, and biosecurity emergencies
and human biosecurity emergencies.

The Biosecurity Act 2015 refers to biosecurity risk as the likelihood of a disease
or pest entering, establishing or spreading in Australian territory, and the
potential for the disease or pest causing harm to human, animal or plant health,
the environment, economic or community activities.

Belonging to, native to, or prevalent in a particular geography, area or
environment.

The Biosecurity Act 2015 defines goods as an animal, a plant (whether
moveable or not), a sample or specimen of a disease agent, a pest, mail or any
other article, substance or thing (including, but not limited to, any kind of
moveable property).

An organism that harbours a parasite, mutual partner, or commensal partner,
typically providing nourishment and shelter.

A biological agent that can cause disease to its host.

Polymerase chain reaction
Post-entry quarantine

Official confinement of regulated articles for observation and research or for
further inspection, testing or treatment.

Refers to the technical or scientific process for assessing the level of
biosecurity risk associated with the goods, or the class of goods, and if
necessary, the identification of conditions that must be met to manage the level
of biosecurity risk associated with the goods, or class of goods to a level that
achieves the ALOP for Australia.

Government agencies, individuals, community or industry groups or
organisations, in Australia or overseas, including the proponent/applicant for a
specific proposal that have an interest in the policy issues.

Department of Agriculture

11



CIV review

References

Abente, E, Anderson, T, Rajao, D, Swenson, S, Gauger, P & Vincent, A 2016, ‘The avian-origin
H3N2 canine influenza virus that recently emerged in the United States has limited replication
in swine’, Influenza and Other Respiratory Viruses, vol. 10, no. 5, pp. 429-32, available at
https://dx.doi.org/10.1111/irv.12395, accessed 21 May 2018.

Anderson, T, Bromfield, C, Crawford, P, Dodds, W, Gibbs, E & Hernandez, ] 2012, ‘Serological
evidence of H3N8 canine influenza-like virus circulation in USA dogs prior to 2004’, The

Veterinary Journal, vol. 191, no. 3, pp. 312-6, available at
https://doi.org/10.1016/j.tvjl.2011.11.010, accessed 21 May 2018.

AVMA 2009, ‘Canine influenza virus backgrounder’, American Veterinary Medical Association,
available at http://www.avma.org/public health/influenza/canine bgnd.asp accessed 9
October 2009.

— — 2018, ‘Canine influenza’, American Veterinary Medical Association, Schaumburg, Illinois,
USA, available at https://www.avma.org/KB/Resources/Reference /Pages/Canine-Influenza-
Backgrounder.aspx accessed 8 June 2018.

Bean, B, Moore, BM, Sterner, B, Peterson, LR, Gerding, DN & Balfour, HH, Jr. 1982, ‘Survival of
influenza viruses on environmental surfaces’, The Journal of Infectious Diseases, vol. 146, no. 1,
pp. 47-51, available at http://dx.doi.org/10.1093 /infdis/146.1.47, accessed 22 May 2018.

Bingham, P 2018, ‘Quarterly report of investigations of suspected exotic diseases: April to June
2018’, Surveillance, vol. 45, no. 3, pp. 49-56, available at
http://www.sciquest.org.nz/node/148614, accessed 6 November 2018.

Buonavoglia, C & Martella, V 2007, ‘Canine respiratory viruses’, Veterinary Research, vol. 38,
no. 2, pp. 355-73, available at http://dx.doi.org/10.1051 /vetres:2006058

CFSPH 2009, ‘Canine influenza’, The Center for Food Security and Public Health, lowa State
University, available at http: //www.cfsph.iastate.edu/diseaseinfo /factsheets.htm accessed
29 September 2009.

— — 2015, ‘Canine influenza’, Center for Food Security and Public Health, Ames, lowa, USA,
available at http://www.cfsph.iastate.edu/Diseaselnfo/factsheets.php accessed 8 June 2018.

Chanvatik, S, Tangwangvivat, R, Chaiyawong, S, Prakairungnamthip, D, Tuanudom, R,
Thontiravong, A & Amonsin, A 2016, ‘Seroprevalence of influenza A in domestic dogs in
Thailand, 2013’, Thai Journal of Veterinary Medicine, vol. 46, no. 1, pp. 33-9

Chen, Y, Trovao, NS, Wang, G, Zhao, W, He, P, Zhou, H, Mo, Y, Wei, Z, Ouyang, K, Huang, W, Garcia-
Sastre, A & Nelson, M 2018, ‘Emergence and evolution of novel reassortant influenza A viruses
in canines in southern China’, mBIO, vol. 9, no. 3, available at
https://doi.org/10.1128/mBi0.00909-18, accessed 29 June 2018.

Department of Agriculture 12


https://dx.doi.org/10.1111/irv.12395
https://doi.org/10.1016/j.tvjl.2011.11.010
http://www.avma.org/public_health/influenza/canine_bgnd.asp
https://www.avma.org/KB/Resources/Reference/Pages/Canine-Influenza-Backgrounder.aspx
https://www.avma.org/KB/Resources/Reference/Pages/Canine-Influenza-Backgrounder.aspx
http://dx.doi.org/10.1093/infdis/146.1.47
http://www.sciquest.org.nz/node/148614
http://dx.doi.org/10.1051/vetres:2006058
http://www.cfsph.iastate.edu/diseaseinfo/factsheets.htm
http://www.cfsph.iastate.edu/DiseaseInfo/factsheets.php
https://doi.org/10.1128/mBio.00909-18

CIV review

Cobey, S, Gouma, S, Parkhouse, K, Chambers, B, Ertl, H, Schmader, K, Halpin, R, Lin, X, Stockwell,
T, Das, S, Landon, E, Tesic, V, Youngster, I, Pinsky, B, Wentworth, D, Hensley, S & Grad, Y 2018,
‘Poor immunogenicity, not vaccine strain egg adaptation, may explain the low H3N2 influenza
vaccine effectiveness in 2012-2013’, Clinical Infectious Diseases, vol. 67, no. 3, pp. 327-33,
available at https://dx.doi.org/10.1093/cid/ciy097, accessed 21 May 2018.

Cole, L & McNally, A 2009, ‘APHIS issues conditional license for canine influenza virus vaccine’,
United States Department of Agriculture, Animal and Plant Health Inspection Service, available
at http://www.aphis.usda.gov/newsroom/content/2009/06/caninevacc.shtml accessed

21 October 2009.

Crawford, C, Dubovi, E], Donis, RO, Castleman, WL, Gibbs, EPJ, Hill, RC, Katz, M, Ferro, P &
Anderson, TC 2006, ‘Canine influenza virus infection’, Small animal and exotics: proceedings of
the North American Veterinary Conference, Orlando, Florida, USA, 7 January 2006, North
American Veterinary Conference (NAVC), Gainesville, pp. 625-6, available at
http://www.ivis.org.

Crawford, PC 2009, ‘Canine influenza: epidemiology, clinical disease, and diagnosis’, Michigan
Veterinary Conference 2008 proceedings, Lansing, Michigan, 24-27 January 2008, Michigan
Veterinary Medical Association, Lansing, Michigan, USA, pp. 1-4, available at
http://www.michvma.org/documents/MVC%20Proceedings%202008/Crawford%202.pdf.

Crispe, E, Finlaison, DS, Hurt, AC & Kirkland, PD 2011, ‘Infection of dogs with equine influenza
virus: evidence for transmission from horses during the Australian outbreak’, Australian
Veterinary Journal, vol. 89, no. Suppl. 1, pp. 27-8, available at http://dx.doi.org/10.1111/j.1751-
0813.2011.00734.x

Daly, JM, Blunden, AS, MacRae, S, Miller, ], Bowman, SJ, Kolodziejek, ], Nowotny, N & Smith, KC
2008, ‘Transmission of equine influenza virus to English foxhounds’, Emerging Infectious
Diseases, vol. 14, no. 3, pp. 461-4, available at https://dx.doi.org/10.3201/eid1403.070643,
accessed 21 May 2018.

Dalziel, B, Huang, K, Geoghegan, ], Arinaminpathy, N, Dubovi, E, Grenfell, B, Ellner, S, Holmes, E &
Parrish, C 2014, ‘Contact heterogeneity, rather than transmission efficiency, limits the
emergence and spread of canine influenza virus’, PLOS Pathogens, vol. 10, no. 10, pp. e1004455,
available at https://doi.org/10.1371/journal.ppat.1004455, accessed 21 May 2018.

Department of Agriculture 2013, Importation of dogs and cats and their semen from approved
countries: final policy review, Canberra, available at http://agriculture.gov.au/biosecurity/risk-
analysis/animal/dogs and cats accessed 29 March 2017.

— — 2017, ‘National list of notifiable animal diseases’, Canberra, available at
http: //www.agriculture.gov.au/pests-diseases-weeds /animal /notifiable accessed 5 June 2019.

Dundon, WG, Benedictis, P, Viale, E & Capua, [ 2010, ‘Serologic evidence of pandemic (HIN1)
2009 infection in dogs, Italy’, Emerging Infectious Diseases, vol. 16, no. 12, pp. 2019-21, available
at https://dx.doi.org/10.3201/eid1612.100514, accessed 29 June 2018.

Department of Agriculture 13


https://dx.doi.org/10.1093/cid/ciy097
http://www.aphis.usda.gov/newsroom/content/2009/06/caninevacc.shtml
http://www.ivis.org/
http://www.michvma.org/documents/MVC%20Proceedings%202008/Crawford%202.pdf
http://dx.doi.org/10.1111/j.1751-0813.2011.00734.x
http://dx.doi.org/10.1111/j.1751-0813.2011.00734.x
https://dx.doi.org/10.3201/eid1403.070643
https://doi.org/10.1371/journal.ppat.1004455
http://agriculture.gov.au/biosecurity/risk-analysis/animal/dogs_and_cats
http://agriculture.gov.au/biosecurity/risk-analysis/animal/dogs_and_cats
http://www.agriculture.gov.au/pests-diseases-weeds/animal/notifiable
https://dx.doi.org/10.3201/eid1612.100514

CIV review

Grayson, ML, Melvani, S, Druve, ], Barr, IG, Ballard, SA, Johnson, PDR, Mastorakos, T & Birch, C
2009, ‘Efficacy of soap and water and alcohol-based hand-rub preparations against live HIN1
influenza virus on the hands of human volunteers’, Clinical Infectious Diseases, vol. 48, no. 3, pp.
285-91, available at https://dx.doi.org/10.1086 /595845, accessed 22 May 2018.

Hanson, JM, Tripp, RA & Harvey, SB 2016, ‘Nasal swabs to detect canine influenza virus’,
Clinician's Brief, Tulsa, Oklahoma, USA, available at

https://www.cliniciansbrief.com/article /nasal-swabs-detect-canine-influenza-virus accessed
29 June 2018.

Hayward, J]J, Dubovi, E], Scarlett, JM, Janeczko, S, Holmes, EC & Parrish, CR 2010, ‘Microevolution
of canine influenza virus in shelters and its molecular epidemiology in the United States’, Journal
of Virology, vol. 84, no. 24, pp. 12636-45, available at https://doi.org/10.1128/]VI1.01350-10,
accessed 29 June 2018.

Hilling, K & Hanel, R 2010, ‘Canine influenza’, Compendium: continuing education for
veterinarians, vol. 32, no. 6, pp. E1-9, available at
https://www.vetfolio.com/learn/article/canine-influenza, accessed 18 May 2018.

Holt, DE, Mover, MR & Brown, DC 2010, ‘Serologic prevalence of antibodies against canine
influenza virus (H3N8) in dogs in a metropolitan animal shelter’, Journal of the American
Veterinary Medical Association, vol. 237, no. 1, pp. 71-3, available at
https://doi.org/10.2460/javma.237.1.71, accessed 28 June 2018.

Jeoung, H, Lim, S, Shin, B, Lim, ], Song, ], Song, D, Kang, B, Moon, H & An, D 2013, ‘A novel canine
influenza H3N2 virus isolated from cats in an animal shelter’, Veterinary Microbiology, vol. 165,
no. 3, pp- 281-6, available at https://doi.org/10.1016/j.vetmic.2013.03.021, accessed

29 June 2018.

Jirjis, FF, Deshpande, MS, Tubbs, AL, Jayappa, H, Lakshmanan, N & Wasmoen, TL 2010,
‘Transmission of canine influenza virus (H3N8) among susceptible dogs’, Veterinary
Microbiology, vol. 144, no. 3, pp. 303-9, available at
https://doi.org/10.1016/j.vetmic.2010.02.029, accessed 29 June 2018.

Jung, K, Lee, CS, Kang, BK, Park, BK, Oh, |S & Song, DS 2010, ‘Pathology in dogs with
experimental canine H3N2 influenza virus infection’, Research in Veterinary Science, vol. 88,
no. 3, pp- 523-7, available at https://doi.org/10.1016/j.rvsc.2009.11.007

Killingley, B & Nguyen-Van-Tam, ] 2013, ‘Routes of influenza transmission’, Journal of Influenza
and Other Respiratory Viruses, vol. 7, no. Suppl. 2, pp. 42-51, available at
https://doi.org/10.1111/irv.12080, accessed 29 June 2018.

Kim, H, Song, D, Moon, H, Yeom, M, Park, S, Hong, M, Na, W, Webby, R, Webster, R, Park, B, Kim, |
& Kang, B 2013, ‘Inter- and intraspecies transmission of canine influenza virus (H3N2) in dogs,
cats, and ferrets’, Influenza and Other Respiratory Viruses, vol. 7, no. 3, pp. 265-70, available at
https://dx.doi.org/10.1111/j.1750-2659.2012.00379.%, accessed 21 May 2018.

Kirkland, PD, Finlaison, DS, Crispe, E & Hurt, AC 2010, ‘Influenza virus transmission from horses
to dogs, Australia’, Emerging Infectious Diseases, vol. 16, no. 4, pp. 699-702, available at
https://dx.doi.org/10.3201%2Feid1604.091489, accessed 2 July 2018.

Department of Agriculture 14


https://dx.doi.org/10.1086/595845
https://www.cliniciansbrief.com/article/nasal-swabs-detect-canine-influenza-virus
https://doi.org/10.1128/JVI.01350-10
https://www.vetfolio.com/learn/article/canine-influenza
https://doi.org/10.2460/javma.237.1.71
https://doi.org/10.1016/j.vetmic.2013.03.021
https://doi.org/10.1016/j.vetmic.2010.02.029
https://doi.org/10.1016/j.rvsc.2009.11.007
https://doi.org/10.1111/irv.12080
https://dx.doi.org/10.1111/j.1750-2659.2012.00379.x
https://dx.doi.org/10.3201%2Feid1604.091489

CIV review

Larson, L], Henningson, ], Sharp, P, Thiel, B, Deshpande, MS, Davis, T, Jayappa, H, Wasmoen, T,
Lakshmanan, N & Schultz, RD 2011, ‘Efficacy of the canine influenza virus H3N8 vaccine to
decrease severity of clinical disease after cochallenge with canine influenza virus and
Streptococcus equi subsp. zooepidemicus’, Clinical and Vaccine Immunology, vol. 18, no. 4,
pp. 559-64, available at http://cvi.asm.org/cgi/content/abstract/18/4 /559

Lee, C, Song, D, Kang, B, Kang, D, Yoo, ], Jung, K, Na, G, Lee, K, Park, B & Oh, ] 2009, ‘A serological
survey of avian origin canine H3N2 influenza virus in dogs in Korea’, Veterinary Microbiology,
vol. 137, no. 3-4, pp. 359-62, available at
http://www.sciencedirect.com/science/article/B6TD6-4VDS8DH-
2/2/1edcfdc4a80fa580688a98323afde8df

Lee, I, Kim, Y, Lim, G, Kwon, H, Si, Y, Park, S, Kim, E, Kim, SM, Nguyen, HD, Song, M & Choi, Y
2018, ‘Comparison of the virulence and transmissibility of canine H3N2 influenza viruses and
characterization of their canine adaptation factors’, Emerging Microbes & Infections, vol. 7, no. 1,
pp. 17, available at https://doi.org/10.1038/s41426-017-0013-x, accessed 29 June 2018.

Lee, Y, Lee, D, Lee, H, Park, ], Yuk, S, Sung, H, Park, H, Lee, ], Park, S, Choi, I & Song, C 2012,
‘Serologic evidence of H3N2 canine influenza virus infection before 2007’, Veterinary Record,
vol. 171, no. 19, pp. 477, available at http://dx.doi.org/10.1136/vr.100718, accessed

29 June 2018.

Lei, N, Yuan, Z, Huang, S, Zhang, D, Zhang, A, Huang, B, Zhang, G & Li, S 2012, ‘“Transmission of
avian-origin canine influenza viruses A (H3N2) in cats’, Veterinary Microbiology, vol. 160, no. 3,
pp. 481-3, available at https://doi.org/10.1016/j.vetmic.2012.06.026, accessed 29 June 2018.

Li, G, Wang, R, Zhang, C, Wang, S, He, W, Zhang, ], Liu, ], Cai, Y, Zhou, ] & Su, S 2018, ‘Genetic and
evolutionary analysis of emerging H3N2 canine influenza virus’, Emerging Microbes & Infections,
vol. 7, no. 1, pp. 73, available at https://doi.org/10.1038/s41426-018-0079-0, accessed

29 July 2018.

Li, S, Shi, Z, Jiao, P, Zhang, G, Zhong, Z, Tian, W, Long, L, Cai, Z, Zhu, X, Liao, M & Wan, X 2010,
‘Avian-origin H3N2 canine influenza A viruses in Southern China’, Infection, Genetics and
Evolution, vol. 10, no. 8, pp. 1286-8, available at https://doi.org/10.1016/j.meegid.2010.08.010,
accessed 29 June 2018.

Lin, D, Sun, S, Du, L, Ma, |, Fan, L, Py, ], Sun, Y, Zhao, ], Sun, H & Liu, ] 2012, ‘Natural and
experimental infection of dogs with pandemic HIN1/2009 influenza virus’, Journal of General
Virology, vol. 93, no. 1, pp. 119-23, available at https://dx.doi.org/10.1099 /vir.0.037358-0,
accessed 29 June 2018.

Low, N 2018, ‘Dog flu outbreak at Pasir Ris shelters’, The Straits Times, Singapore Press
Holdings, available at https://www.straitstimes.com /singapore/dog-flu-outbreak-at-pasir-ris-
shelters accessed 15 May 2019.

Lugar, DW, Ragland, D & Stewart, KR 2017, ‘Influenza outbreak causes reduction in semen
quality of boars’, Journal of Swine Health and Production, vol. 25, no. 6, pp. 303-7, available at
https://www.aasv.org/shap/issues/v25n6/v25n6p303, accessed 29 June 2018.

Department of Agriculture 15


http://cvi.asm.org/cgi/content/abstract/18/4/559
http://www.sciencedirect.com/science/article/B6TD6-4VDS8DH-2/2/1edcfdc4a80fa580688a98323afde8df
http://www.sciencedirect.com/science/article/B6TD6-4VDS8DH-2/2/1edcfdc4a80fa580688a98323afde8df
https://doi.org/10.1038/s41426-017-0013-x
http://dx.doi.org/10.1136/vr.100718
https://doi.org/10.1016/j.vetmic.2012.06.026
https://doi.org/10.1038/s41426-018-0079-0
https://doi.org/10.1016/j.meegid.2010.08.010
https://dx.doi.org/10.1099/vir.0.037358-0
https://www.straitstimes.com/singapore/dog-flu-outbreak-at-pasir-ris-shelters
https://www.straitstimes.com/singapore/dog-flu-outbreak-at-pasir-ris-shelters
https://www.aasv.org/shap/issues/v25n6/v25n6p303

CIV review

Merck 2016, Merck Animal Health announces USDA approval of innovative canine flu bivalent
vaccine, Merck Animal Health, New Jersey, USA, https://www.merck-animal-
health.com/news/2016-10-7.aspx, accessed 30 May 2018.

Miller, L & Hurley, K 2009, Infectious disease management in animal shelters, Wiley-Blackwell,
Ames, Iowa, USA.

Nogales, A, Chauche, C, DeDiego, ML, Topham, D], Parrish, CR, Murcia, PR & Martinez-Sorido, L
2017, ‘The K186E amino acid substitution in the canine influenza virus H3N8 NS1 protein
restores its ability to inhibit host gene expression’, Journal of Virology, vol. 91, no. 22,

pp. €e00877-17, available at https://doi.org/10.1128/]VI.00877-17, accessed 29 June 2018.

OIE 2018, ‘OIE listed diseases, infections and infestations in force in 2018’, World Organisation
for Animal Health, Paris, available at http: //www.oie.int/animal-health-in-the-world/oie-listed-
diseases-2018/ accessed 14 May 2018.

Parrish, CR, Murcia, PR & Holmes, EC 2014, ‘Influenza virus reservoirs and intermediate hosts:
dogs, horses, and new possibilities for influenza virus exposure of humans’, Journal of Virology,
vol. 89, pp. 2990-4, available at https://doi.org/10.1128/]VI1.03146-14, accessed 29 June 2018.

Payungporn, S, Crawford, PC, Kouo, TS, Chen, L-m, Pompey, ], Castleman, WL, Dubovi, EJ, Katz,
JM & Donis, RO 2008, ‘Influenza A virus (H3N8) in dogs with respiratory disease, Florida’,
Emerging Infectious Diseases, vol. 14, no. 6, pp. 902-8, available at

https://dx.doi.org/10.3201 /eid1406.071270

Pecoraro, HL, Bennett, S, Huyvaert, KP, Spindel, ME & Landolt, GA 2014, ‘Epidemiology and
ecology of H3N8 canine influenza virus in US shelter dogs’, Journal of Veterinary Internal
Medicine, vol. 28, no. 2, pp. 311-8, available at https://dx.doi.org/10.1111%2Fjvim.12301

Pulit-Penaloza, ], Simpson, N, Yang, H, Creager, H, Jones, ], Carney, P, Belser, ], Yang, G, Chang, ],
Thor, H, Jang, Y, Killian, M, Jenkins-Moore, M, Janas-Martindale, A, Dubovi, E, Wentworth, D,
Stevens, |, Tumpey, T, Davis, C & Maines, T 2017, ‘Assessment of molecular, antigenic, and
pathological features of canine influenza A(H3N2) viruses that emerged in the United States’,
Journal of Infectious Diseases, vol. 216, no. 4, pp. 499-507, available at
https://doi.org/10.1093/infdis /jiw620, accessed 29 June 2018.

Reperant, LA, Kuiken, T, Grenfell, BT, Osterhaus, ADME & Dobson, AP 2012, ‘Linking influenza
virus tissue tropism to population-level reproductive fitness’, PLOS ONE, vol. 7, no. 8, pp.
e43115, available at https: //doi.org/10.1371 /journal.pone.0043115, accessed 29 June 2018.

Rivailler, P, Perry, IA, Jang, Y, Davis, CT, Chen, L-m, Dubovi, E] & Donis, RO 2010, ‘Evolution of
canine and equine influenza (H3N8) viruses co-circulating between 2005 and 2008’, Virology,
vol. 408, no. 1, pp. 71-9, available at
http://www.sciencedirect.com/science/article/pii/S0042682210005520

Rodriguez, L, Nogales, A, Reilly, E, Topham, D, Murcia, P, Parrish, C & Martinez Sobrido, L. 2017,
‘A live-attenuated influenza vaccine for H3N2 canine influenza virus’, Virology, vol. 504, pp.
96-106, available at https://doi.org/10.1016/j.virol.2017.01.020, accessed 21 May 2018.

Department of Agriculture 16


https://www.merck-animal-health.com/news/2016-10-7.aspx
https://www.merck-animal-health.com/news/2016-10-7.aspx
https://doi.org/10.1128/JVI.00877-17
http://www.oie.int/animal-health-in-the-world/oie-listed-diseases-2018/
http://www.oie.int/animal-health-in-the-world/oie-listed-diseases-2018/
https://doi.org/10.1128/JVI.03146-14
https://dx.doi.org/10.3201/eid1406.071270
https://dx.doi.org/10.1111%2Fjvim.12301
https://doi.org/10.1093/infdis/jiw620
https://doi.org/10.1371/journal.pone.0043115
http://www.sciencedirect.com/science/article/pii/S0042682210005520
https://doi.org/10.1016/j.virol.2017.01.020

CIV review

Sakaguchi, H, Wada, K, Kajioka, ], Watanabe, M, Nakano, R, Hirose, T, Ohta, H & Aizawa, Y 2010,
‘Maintenance of influenza virus infectivity on the surfaces of personal protective equipment and
clothing used in healthcare settings’, Environmental Health and Preventive Medicine, vol. 15, no.
6, pp. 344-9, available at https://doi.org/10.1007/s12199-010-0149-y, accessed 2 July 2018.

Shim, DH, Kim, ]J-K, Hong, M, Na, W, Park, Y-A, Park, S], Song, D, Lee, JM & Kim, HK 2015, ‘HA1-
specific indirect ELISA for serological detection of canine influenza virus H3N2 infection in
dogs’, Journal of Virological Methods, vol. 215-216, pp. 9-12, available at
https://doi.org/10.1016/j.jviromet.2015.01.007, accessed 29 June 2018.

Song, D, Kang, B, Lee, C, Jung, K, Ha, G, Kang, D, Park, S, Park, B & Oh, ] 2008, ‘Transmission of
avian influenza virus (H3N2) to dogs’, Emerging Infectious Diseases, vol. In print, pp. 1-13

Song, DS, An, D], Moon, HJ, Yeom, M], Jeong, HY, Jeong, WS, Park, SJ, Kim, HK, Han, SY, Oh, JS,
Park, BK, Kim, JK, Poo, H, Webster, RG, Jung, K & Kang, BK 2011, ‘Interspecies transmission of
the canine influenza H3N2 virus to domestic cats in South Korea, 2010’, Journal of General
Virology, vol. 92, no. 10, pp. 2350-5, available at doi: 10.1099/vir.0.033522-0, accessed

29 June 2018.

Songserm, T, Amonsin, A, Jam-on, R, Sae-Heng, N, Pariyothorn, N, Payungporn, S,
Theamboonlers, A, Chutinimitkul, S, Thanawongnuwech, R & Poovorawan, Y 2006, ‘Fatal avian
influenza A H5N1 in a dog’, Emerging Infectious Diseases, vol. 12, no. 11, pp. 1744-7, available at
http://www.cdc.gov/ncidod/EID/vol12n011/06-0542.htm, accessed 15 May 2019.

Sy, S, Li, H, Zhao, F, Chen, ], Xie, ], Chen, Z, Huang, Z, Hu, Y, Zhang, M, Tan, L, Zhang, G & Li, S 2013,
‘Avian-origin H3N2 canine influenza virus circulating in farmed dogs in Guangdong, China’,
Infection, Genetics and Evolution, vol. 14, pp. 444-9, available at
https://doi.org/10.1016/j.meegid.2012.11.018, accessed 29 June 2018.

Sun, H, Blackmon, S, Yang, G, Waters, K, Li, T, Tangwangvivat, R, Xu, Y, Shyu, D, Wen, F, Cooley, ],
Senter, L, Lin, X, Jarman, R, Hanson, L, Webby, R & Wan, X 2017, ‘Zoonotic risk, pathogenesis,
and transmission of avian-origin H3N2 canine influenza virus’, Journal of Virology, vol. 91, no.
21, pp. e00637-17, available at https://dx.doi.org/10.1128/]VI1.00637-17, accessed

21 May 2018.

Sun, Y, Shen, Y, Zhang, X, Wang, Q, Liu, L, Han, X, Jiang, B, Wang, R, Sun, H, Py, ], Lin, D, Xia, Z &
Liu, ] 2014, ‘A serological survey of canine H3N2, pandemic HIN1/09 and human seasonal
H3N2 influenza viruses in dogs in China’, Veterinary Microbiology, vol. 168, no. 1, pp. 193-6,
available at https://doi.org/10.1016/j.vetmic.2013.10.012, accessed 29 June 2018.

Voorhees, |, Glaser, A, Toohey-Kurth, K, Newbury, S, Dalziel, B, Dubovi, E, Poulsen, K,
Leutenegger, C, Willgert, K, Brisbane-Cohen, L, Richardson-Lopez, ], Holmes, E & Parrish, C 2017,
‘Spread of canine influenza A(H3N2) virus, United States’, Emerging Infectious Diseases, vol. 23,
no. 12, pp. 1950, available at https://dx.doi.org/10.3201/eid2312.170246, accessed

21 May 2018.

Watson, C, Bell, C & Toohey-Kurth, K 2016, ‘H3N2 canine influenza virus infection in a dog’,
Veterinary Pathology, vol. 54, no. 3, pp. 527-30, available at
https://doi.org/10.1177/0300985816681411, accessed 28 June 2018.

Department of Agriculture 17


https://doi.org/10.1007/s12199-010-0149-y
https://doi.org/10.1016/j.jviromet.2015.01.007
http://www.cdc.gov/ncidod/EID/vol12no11/06-0542.htm
https://doi.org/10.1016/j.meegid.2012.11.018
https://dx.doi.org/10.1128/JVI.00637-17
https://doi.org/10.1016/j.vetmic.2013.10.012
https://dx.doi.org/10.3201/eid2312.170246
https://doi.org/10.1177/0300985816681411

CIV review

Weese, S 20183, ‘Canine influenza disinfection’, Worms and Germs Blog, University of Guelph,
Ontario, Canada, available at

https://www.wormsandgermsblog.com/2018/03 /articles/animals/dogs/canine-influenza-
disinfection/ accessed 5 June 2018.

— — 2018b, ‘Canine influenza in Canada: new cluster’, Worms and Germs Blog, University of
Guelph, Ontario, Canada, available at

https://www.wormsandgermsblog.com/2018/02 /articles /animals/dogs/canine-influenza-in-
canada-new-cluster/ accessed 5 June 2018.

— — 2018, ‘Canine influenza: Ontario’, Worms and Germs Blog, University of Guelph, Ontario,
Canada, available at

https://www.wormsandgermsblog.com/2018/01 /articles /animals/dogs/canine-influenza-
ontario/ accessed 6 May 2018.

— — 2018d, ‘Return of canine influenza: Ontario, Canada’, Worms and Germs Blog, University of
Guelph, Ontario, Canada, available at
https://www.wormsandgermsblog.com/2018/10/articles/animals/dogs/return-of-canine-
influenza-ontario-canada/ accessed 15 November 2018.

Zhou, P, Huang, S, Zeng, W, Zhang, X, Wang, L, Fu, X & Li, S 2016, ‘Seroepidemiological evidence
of subtype H3N8 influenza virus infection among pet dogs in China’, PLOS ONE, vol. 11, no. 7, pp.
€0159106, available at https://doi.org/10.1371/journal.pone.0159106, accessed 29 June 2018.

Zoetis 2018, ‘Vanguard® CIV H3N2/H3N8’, New Jersey, USA, available at
https://www.zoetisus.com/products/dogs/vanguard-civ-h3n2-h3n8/ accessed 31 May 2018.

Department of Agriculture 18


https://www.wormsandgermsblog.com/2018/03/articles/animals/dogs/canine-influenza-disinfection/
https://www.wormsandgermsblog.com/2018/03/articles/animals/dogs/canine-influenza-disinfection/
https://www.wormsandgermsblog.com/2018/02/articles/animals/dogs/canine-influenza-in-canada-new-cluster/
https://www.wormsandgermsblog.com/2018/02/articles/animals/dogs/canine-influenza-in-canada-new-cluster/
https://www.wormsandgermsblog.com/2018/01/articles/animals/dogs/canine-influenza-ontario/
https://www.wormsandgermsblog.com/2018/01/articles/animals/dogs/canine-influenza-ontario/
https://www.wormsandgermsblog.com/2018/10/articles/animals/dogs/return-of-canine-influenza-ontario-canada/
https://www.wormsandgermsblog.com/2018/10/articles/animals/dogs/return-of-canine-influenza-ontario-canada/
https://doi.org/10.1371/journal.pone.0159106
https://www.zoetisus.com/products/dogs/vanguard-civ-h3n2-h3n8/

	Review of risks associated with canine influenza virus
	Summary
	Canine influenza
	Background
	Technical information
	Agent properties

	Epidemiology
	Host Range
	H3N8
	H3N2

	Distribution
	H3N8
	H3N2

	Transmission
	Pathogenesis
	Diagnosis
	Clinical signs
	Treatment
	Vaccination
	Control

	Current biosecurity measures
	Risk assessment
	Conclusion

	Glossary
	References


