Recent highly pathogenic avian influenza A(H5N1) outbreaks in two Korean cat shelters highlight the need to enhance surveillance for cross-species viral transmission into animal populations kept by humans for nonagricultural or non-conventional livestock farming purposes from a One Health perspective.

Cross-species viral transmission refers to the infection of a new host species by a virus, commonly referred to as 'spillover' [START_REF] Plowright | Pathways to zoonotic spillover[END_REF][START_REF] Parrish | Cross-species virus transmission and the emergence of new epidemic diseases[END_REF] . The current COVID-19 pandemic has clearly illustrated how cross-species viral transmission can negatively impact both human and animal health, with the potential to trigger future pandemics, thereby highlighting the importance of having effective and efficient surveillance for crossspecies viral transmission in place. Nonetheless, the challenge always remains in identifying the interfaces for cross-species viral transmission and distributing surveillance efforts optimally amongst these interfaces.

The research and public attention on cross-species viral transmission has primarily focused on enhancing our knowledge about a pool of potential zoonotic viruses in wildlife, monitoring the prevalence of known zoonotic viruses within wildlife or livestock, and assessing the risk of their transmission to humans, along with syndromic surveillance targeted at unexplained clinical cases in livestock and humans. Above all, these surveillance activities are concentrated at the interfaces where the economic and health impacts of cross-species transmission are considered significant [START_REF] Plowright | Pathways to zoonotic spillover[END_REF][START_REF] Li | Bats are natural reservoirs of SARS-like coronaviruses[END_REF][START_REF] Letko | Bat-borne virus diversity, spillover and emergence[END_REF] . However, surveillance in animal populations raised for non-conventional production purposes (e.g. minks and foxes for fur production) and those in non-agricultural settings (e.g. animal shelters, zoos, and places where visitors can touch companion, or wild animals) remains scarce globally, despite increasing attention to surveillance on mink and fox farms 5 in the context of recent SARS-CoV-2 and highly pathogenic avian influenza (HPAI) A(H5N1) outbreaks in these settings [START_REF] Agüero | Highly pathogenic avian influenza A(H5N1) virus infection in farmed minks, Spain, October 2022[END_REF][START_REF] Lindh | Highly pathogenic avian influenza A(H5N1) virus infection on multiple fur farms in the South and Central Ostrobothnia regions of Finland, July 2023[END_REF][START_REF] Oreshkova | SARS-CoV-2 infection in farmed minks, the Netherlands, April and May 2020[END_REF][START_REF] Peacock | Mink farming poses risks for future viral pandemics[END_REF] .

On July 25 th and 31 st , 2023, highly pathogenic avian influenza A(H5N1) infection, which has the potential to cause fatal disease in humans [START_REF]Human Infection with Avian Influenza A(H5) Viruses[END_REF] , was confirmed in two cat shelters in Seoul, South Korea [START_REF] Mafra | 5MiUyRjU2NjkwMyUyRmFydGNsVmlldy5kbyUzRnJnc0VuZGRlU3RyJT NEJTI2YmJzT3BlbldyZFNlcSUzRCUyNnBhZ2UlM0Q1JTI2cm93JTNEMTAlMjZwYXNzd29yZ CUzRCUyNnJnc0JnbmRlU3RyJTNEJTI2YmJzQ2xTZXElM0QlMjZzcmNoQ29sdW1uJTNEJ TI2aXNWaWV3TWluZSUzRGZhbHNlJTI2c3JjaFdyZCUzRCUyNg%3D%3D[END_REF][START_REF] Mafra | 5MiUyRjU2Njk0 OSUyRmFydGNsVmlldy5kbyUzRnJnc0VuZGRlU3RyJTNEJTI2YmJzT3BlbldyZFNlcSUzR CUyNnBhc3N3b3JkJTNEJTI2cGFnZSUzRDIlMjZyZ3NCZ25kZVN0ciUzRCUyNnJvdyUzRDEwJ TI2YmJzQ2xTZXElM0QlMjZzcmNoQ29sdW1uJTNEJTI2aXNWaWV3TWluZSUzRGZhbHNlJ TI2c3JjaFdyZCUzRCUyNg%3D%3D[END_REF][START_REF]Exclusive] Mass Deaths of 38 Cats… Cause Identified as 'Avian Influenza[END_REF] . Briefly, at the cat shelter where the infection was first confirmed (Shelter 1), 38 out of the 40 cats died within a month, with the time between two consecutive deaths being ≤2 days [START_REF]Exclusive] Mass Deaths of 38 Cats… Cause Identified as 'Avian Influenza[END_REF] . This surge in deaths prompted the owner of Shelter 1 and its veterinarian to suspect a cause other than common respiratory infections in cats. Samples from two of the cats that had died from suspected respiratory infections were sent to a private diagnostic laboratory and confirmed to contain HPAI A(H5N1) virus by the Laboratory of Virology at the College of Veterinary Medicine, Seoul National University [START_REF]Exclusive] Mass Deaths of 38 Cats… Cause Identified as 'Avian Influenza[END_REF] . Then, the infection was confirmed again by the Animal and Plant Quarantine Agency (APQA) [START_REF] Mafra | 5MiUyRjU2NjkwMyUyRmFydGNsVmlldy5kbyUzRnJnc0VuZGRlU3RyJT NEJTI2YmJzT3BlbldyZFNlcSUzRCUyNnBhZ2UlM0Q1JTI2cm93JTNEMTAlMjZwYXNzd29yZ CUzRCUyNnJnc0JnbmRlU3RyJTNEJTI2YmJzQ2xTZXElM0QlMjZzcmNoQ29sdW1uJTNEJ TI2aXNWaWV3TWluZSUzRGZhbHNlJTI2c3JjaFdyZCUzRCUyNg%3D%3D[END_REF] after it was formally reported to the agency according to the Act on the Prevention of Animal Contagious Diseases: the Act mandates reporting animals, including cats, that have died of unidentified diseases or are suspected or confirmed to have been infected by contagious animal diseases types I, II, and III as defined by the Act [START_REF]Act on the Prevention of Animal Contagious Diseases[END_REF] . Several days later, a veterinarian reported respiratory symptoms in a cat from another shelter in Seoul (Shelter 2), and HPAI A(H5N1) infection was subsequently confirmed by the APQA [START_REF] Mafra | 5MiUyRjU2Njk0 OSUyRmFydGNsVmlldy5kbyUzRnJnc0VuZGRlU3RyJTNEJTI2YmJzT3BlbldyZFNlcSUzR CUyNnBhc3N3b3JkJTNEJTI2cGFnZSUzRDIlMjZyZ3NCZ25kZVN0ciUzRCUyNnJvdyUzRDEwJ TI2YmJzQ2xTZXElM0QlMjZzcmNoQ29sdW1uJTNEJTI2aXNWaWV3TWluZSUzRGZhbHNlJ TI2c3JjaFdyZCUzRCUyNg%3D%3D[END_REF] . As of October 2023, influenza A(H5N1) infection has been confirmed in five cats from Shelter 1 and four cats from Shelter 2, all of which were reported to have died [START_REF] Mafra | 5MiUyRjU2NzI1OCUyRmFydGNsVmlldy5kbyUzRnJnc0VuZGRlU3RyJTNEJ TI2YmJzT3BlbldyZFNlcSUzRCUyNnBhZ2UlM0QxJTI2cm93JTNEMTAlMjZwYXNzd29yZCUzR CUyNnJnc0JnbmRlU3RyJTNEJTI2YmJzQ2xTZXElM0QlMjZzcmNoQ29sdW1uJTNEJTI2aXN WaWV3TWluZSUzRGZhbHNlJTI2c3JjaFdyZCUzRCUyNg%3D%3D[END_REF][START_REF]World Animal Health Information System (WAHIS)[END_REF] . The information on the number of cats with negative test results has not been released yet.

Avian influenza surveillance in South Korea is primarily focused on the detection of infections on poultry farms and in wild birds. Surveillance in mammals started early this year. However, it only focused on specific wild mammalian species and did not include domestic cats [START_REF]Proactive Avian Influenza Surveillance in Wild Mammals[END_REF] . Not surprisingly, the detection of the virus in cats in both these cat shelters within a short timespan attracted widespread attention. A subsequent epidemiological investigation by the Ministry of Agriculture, Food and Rural Affairs (MAFRA) detected influenza A(H5N1) virus in cat food collected in Shelter 2, which contained duck meat, but not in cat food containing chicken meat. The MAFRA investigation concluded that raw duck and chicken meat had not been properly processed by the company that produced the cat food found to be contaminated [START_REF] Mafra | 5MiUyRjU2NzI1OCUyRmFydGNsVmlldy5kbyUzRnJnc0VuZGRlU3RyJTNEJ TI2YmJzT3BlbldyZFNlcSUzRCUyNnBhZ2UlM0QxJTI2cm93JTNEMTAlMjZwYXNzd29yZCUzR CUyNnJnc0JnbmRlU3RyJTNEJTI2YmJzQ2xTZXElM0QlMjZzcmNoQ29sdW1uJTNEJTI2aXN WaWV3TWluZSUzRGZhbHNlJTI2c3JjaFdyZCUzRCUyNg%3D%3D[END_REF][START_REF] Mafra | JTJGYmJzJTJGaG9tZSUyRjc5MiUyRjU2Njk1NyUyRm FydGNsVmlldy5kbyUzRnJnc0VuZGRlU3RyJTNEJTI2YmJzT3BlbldyZFNlcSUzRCUyNnBh Z2UlM0Q3JTI2cm93JTNEMTAlMjZwYXNzd29yZCUzRCUyNnJnc0JnbmRlU3RyJTNEJ TI2YmJzQ2xTZXElM0QlMjZzcmNoQ29sdW1uJTNEJTI2aXNWaWV3TWluZSUzRGZhbHNlJ TI2c3JjaFdyZCUzRCUyNg%3D%3D[END_REF] . In a swift response, the MAFRA ordered the recall of all cat food production batches containing duck or chicken meat that were deemed at risk. Approximately 13,200 units of the two recalled products had already been sold to 286 customers, but no signs of infection have been reported amongst their cats which were monitored twice at a 14-day interval [START_REF] Mafra | 5MiUyRjU2NzI1OCUyRmFydGNsVmlldy5kbyUzRnJnc0VuZGRlU3RyJTNEJ TI2YmJzT3BlbldyZFNlcSUzRCUyNnBhZ2UlM0QxJTI2cm93JTNEMTAlMjZwYXNzd29yZCUzR CUyNnJnc0JnbmRlU3RyJTNEJTI2YmJzQ2xTZXElM0QlMjZzcmNoQ29sdW1uJTNEJTI2aXN WaWV3TWluZSUzRGZhbHNlJTI2c3JjaFdyZCUzRCUyNg%3D%3D[END_REF] . Considering also that all cats in the two shelters were known to have stayed indoors and HPAI infection had been confirmed on the country's poultry farms including duck farms until April 2023 [START_REF]World Animal Health Information System (WAHIS)[END_REF] , it is plausible that influenza A(H5N1) viral incursion originated from contaminated duck meat contained in cat food, particularly in Shelter 2. However, as of this writing, no definitive epidemiological or genomic evidence has been released by the MAFRA, and therefore, it is unknown whether cats in Shelter 1 were fed the same or similar products and whether cat-to-cat transmission occurred following initial exposure in the two shelters and, if it did, what its relative contribution was compared to potential food-to-cat transmission.
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So far, the management of the influenza A(H5N1) outbreaks in the cat shelters can be considered an example of good practice of surveillance and epidemiological investigations related to cross-species viral transmission. It has successfully detected influenza A(H5N1) infection in cats, identified a potential source of infection in at least one of the two shelters, and resulted in prompt transmission control measures. However, the question arises whether the MAFRA and APQA would be able to respond as successfully to cross-species viral transmission occurring in other epidemiological contexts. It has to be emphasised that the detection of influenza A(H5N1) outbreaks in the two cat shelters was initiated by the sudden deaths of multiple cats in Shelter 1 noticed by its owner and veterinarian. Subsequent steps taken by the veterinarians and virologists then led to the notification of the authorities, thereby initiating more detailed epidemiological investigations. This underscores the potential challenge of detecting crossspecies influenza A(H5N1) infection and identifying a potential source of contagion if contaminated cat food was solely distributed to privately-owned cats rather than shelter cats, or if any element of the aforementioned chain of events was absent. There are several possible reasons for this:

Firstly, under a given level of viral pressure, stochastic viral extinction may be more likely to occur when only a few cats in individual households are exposed to the virus as opposed to a larger group of cats. This is due to the increased contact rates between cats in a shelter as well as the increased likelihood of the virus successfully adapting to cats and subsequently transmitting between them, especially considering immunological barriers within individual cats 1 , although it is currently unknown whether any cat-to-cat transmission had occurred in the two shelters.

Secondly, the presence of infection of cats in different households would be more likely to be missed by animal health authorities. This is due to the challenge that veterinarians would face in suspecting influenza A(H5N1) infection when individual cats are presented to different veterinary clinics. Although HPAI infection in cats is notifiable, it is much less common than other respiratory infections in cats [START_REF] Binns | A study of feline upper respiratory tract disease with reference to prevalence and risk factors for infection with feline calicivirus and feline herpesvirus[END_REF] and is difficult to distinguish during the early infection stages. The fact that the reporting from Shelter 1 was made only after a substantial number of cats had died further emphasises the challenge veterinarians would face with limited prior experiences and knowledge about the risk and clinical manifestation of HPAI infection in cats. The recent identification of influenza A(H5N1) infections in privately-owned cats in Poland demonstrates that detecting the infection in such a scenario is not entirely implausible [START_REF] Rabalski | Emergence and potential transmission route of avian influenza A (H5N1) virus in domestic cats in Poland, June 2023[END_REF] . However, it also indicates that undetected exposure of privately-owned cats to the virus could be frequent, consistent with serological evidence of avian influenza A infections in cats from different countries including household and shelter cats in South Korea [START_REF] Jeoung | Seroprevalence of subtype H3 influenza A virus in South Korean cats[END_REF][START_REF] Zhao | Serological screening of influenza A virus antibodies in cats and dogs indicates frequent infection with different subtypes[END_REF] . Finally, if the virus is spread to cats through other routes (e.g. hunting and ingestion of infected birds by stray or privatelyowned cats with outdoor access), the ability to establish plausible and specific epidemiological links would be challenged by the difficulty of conducting timely and targeted sampling as well as comprehensive history taking. While inadequately processed uncooked poultry meat leftovers in Shelter 2 were successfully collected and tested, it remains uncertain if the same could be achieved in other scenarios. This is exemplified by the recent influenza A(H5N1) infections of cats from individual households in Poland, where purchased food could only be tested for suspected cases, but not for confirmed cases [START_REF] Rabalski | Emergence and potential transmission route of avian influenza A (H5N1) virus in domestic cats in Poland, June 2023[END_REF] .

The influenza A(H5N1) outbreaks in the cat shelters in South Korea, along with an increasing number of reports of influenza A(H5N1) infection in mammals [START_REF] Offlu | OFFLU Call to Discuss Avian Influenza Events in Mammals[END_REF][START_REF] Lindh | Highly pathogenic avian influenza A(H5N1) virus infection on multiple fur farms in the South and Central Ostrobothnia regions of Finland, July 2023[END_REF][START_REF] Rabalski | Emergence and potential transmission route of avian influenza A (H5N1) virus in domestic cats in Poland, June 2023[END_REF] , suggest the need to enhance the effectiveness of infectious disease surveillance and prevention in any settings where a group of potentially susceptible animals are kept in close contact. This is particularly important for groups of animals that typically are not covered by regulatory efforts aimed at maintaining or improving animal health and welfare standards. These animal groups could not only provide environments for cross-species viral transmission, promoting zoonotic risk, but could also serve as sentinels for detecting such events, thereby offering opportunities to assess and then mitigate such risk. Several strategies can be implemented:

Firstly, it is important to require the aforementioned settings to record adverse animal health events at individual (e.g. clinical signs) and group levels (e.g. baseline mortality and morbidity), along with environmental factors (e.g. access to/from wildlife, and introduction of new animals) and husbandry conditions (e.g. food and water source), in systematic ways. In the event of cross-species viral transmission, this information will help to better understand the source of infection and thus inform the implementation of preventive and control measures. Such a recording practice appears to have been lacking in these particular settings, very much in contrast to conventional livestock farming where the recording is routinely practised.

Secondly, regularly training staff in the aforementioned settings to report any unusual clinical signs or trends is crucial for timely and sensitive early detection, coupled with the above recording practice. For this, animal health authorities should define clear reporting criteria, ensure their staff's familiarity with these criteria, and work to minimise the risk of underreporting due to potential stigmatisation. Additionally, animals in these settings need to be regularly examined by veterinarians to aid the timely recognition of unusual health events, which are often neglected due to economic constraints. Importantly, animal health authorities could play a role by designating veterinary staff to provide regular trainings to the staff about the recording practice and reporting criteria and to examine the animals.

Thirdly, the identification of inadequately processed uncooked poultry meat as a potential common source of influenza A(H5N1) infection in cats in both South Korea and Poland provides strong justification for prohibiting or limiting feeding of uncooked meat to animals kept for non-conventional production purposes and those in non-agricultural settings, in order to minimise the risk of cross-species transmission of influenza A(H5N1) virus and other viruses. Given the widespread availability of heat-treated commercial pet foods and the option to cook raw meat before feeding, this recommendation might be feasible for most animal species in these settings. Furthermore, if necessary, a ban on feeding uncooked meat to certain animal species could be implemented where cross-species transmission has been already reported or the risk is considered high (e.g. uncooked poultry meat to cats, minks, and foxes), similar to the bans on swill feeding in many countries to prevent the introduction of African swine fever virus into domestic pig farms [START_REF] Guinat | Transmission routes of African swine fever virus to domestic pigs: current knowledge and future research directions[END_REF] . Finally, there is a need for continued discussion on how to implement measures to prevent and control crossspecies viral transmission. It is crucial to involve all relevant stakeholders in this discussion, particularly the staff of the aforementioned animal settings, as their understanding of the implications of animal keeping for animal and human health might be less than amongst those involved in conventional livestock farming.

In conclusion, the recent influenza A(H5N1) outbreaks in South Korean cat shelters illustrate the risk of cross-species viral transmission in animals kept for non-agricultural or non-conventional livestock farming purposes, considered to present potential threats to human health. These events emphasise the need to strengthen surveillance of cross-species viral transmission events within these specific animal populations. However, it is also important to acknowledge that such efforts would require supplementary resources for national animal disease surveillance systems. While the scale of these additional resources may be relatively modest compared to those already invested in conventional livestock health surveillance, it could still pose a significant economic burden, especially in regions where the animal disease surveillance system is already poorly resourced. Therefore, it will be crucial to set realistic priorities by conducting risk assessments on the interfaces at which cross-species transmission has already been detected or expected to occur, in order to allocate limited surveillance resources based on the outcome of these risk assessments. By adopting such approaches, we can better prepare to protect against future zoonotic threats, thereby safeguarding both human and animal populations globally.
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