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This risk profile assessed the disease risk o humans caused by fur farming in Finland. Fur
farming creates favourable conditions for the spread of pathogens and the mutation

of some of them. Mink in particular is an effective reservoir for many different viruses. As
very few samples are taken from fur animals for disease examination, it is not possible to
estimate the presence of diseases in Finnish fur animals.

Pathogens and other microbes, which are transferred between humans and fur animals,
are especially respiratory viruses, faecal pathogens, and antimicrobial resistant bacteria.
They pose a health risk to fur farm workers and their contacts. In particular, influenza
viruses in fur animals can transform into a serious and easily spreading disease, which is
also contagious to other mammails.

The main sources of pathogens for fur animals are people, feed, and other animals. In fur
farms, biosecurity measures are often insufficient. The enhancement of biosecurity and
proper risk management of the feed chain would improve the prevention of infections.
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Riskiprofiilissa arvioitiin turkistarhauksen aiheuttamaa tautiriskid ihmisille Suomessa.
Turkistarhaus luo otolliset olot taudinaiheuttajien lisddntymiselle, levidmiselle ja useiden
taudinaiheuttajien muuntumiselle. Erityisesti minkki on tehokas useiden eri virusten sdilymao.
Turkisel@imistd otetaan hyvin vahan naytteitd tautitutkimuksiin, joten niiden perusteella ei
voida padtelld tautien esiintymisestd suomalaisilla turkistarhoilla.

Ihmisten ja turkiseldinten valillé levidvid taudinaiheuttajia ja muita mikrobeita ovat
erityisesti hengitystievirukset, ulosteperdiset taudinaiheuttajat ja antibiooteille resistentit
bakteerit. Ne aiheuttavat terveysriskin turkistarhojen tydntekijdille ja heidan Iahipiirilleen.
Erityisesti influenssavirukset voivat turkistarhaoloissa muuntua vakavaksi eri nisékkaisiin
helposti levidvaksi taudiksi.

Turkisel@inten taudinaiheuttajien tarkeimpid Iahteitd ovat tarhalla kayvat ihmiset, rehu
ja muut elaimet. Turkistarhoilla fautisuojaustoimenpiteet ovat usein puutteellisia. Niiden
kohentaminen ja rehuketjun asiallinen riskinhallinta parantaisivat taudeilta suojautumista.
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| riskprofilen utvarderades sjukdomsrisken f&r ménniskor orsakade av pdlsdjursuppfédning
i Finland. Palsdjursuppfédning skapar gynnsamma férutsattningar for férékning och
spridning av patogener och andra mikrober, och deras omvandling. | synnerhet &r mink en
effektiv reservoar for manga olika virus. Endast f& prover tas fran pdalsdjur for undersékning
av sjukdomar, s& man inte kan dra slutsatser om férekomsten av sjukdomar i finska

pdalsfarmer.

Patogener och andra mikrober som sdrskilt dverférs mellan ménniskor och palsdjur ar
respiratoriska virus, fekala patogener och antibiotikaresistenta bakterier. De orsakar en
halsorisk for palsfarmararbetare och deras ndrmaste krets. Sarskilt influensavirus kan pd
pdlsfarmen mutera till en allvarlig och Iattspridande sjukdom som ocksd smittar andra

daggdijur.

De huvudsakliga kallorna till patogener hos palsdjur ar manniskor pd& palsfarmar, foder
och andra djur. Smittskyddsdtgdrderna pd pdlsfarmar ar ofta oftillréickliga. Forbattring
av smittskydd och ordentlig riskhantering av foderkedjan skulle férbattra skyddet mot

sjukdomar.
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1 Terms and abbreviations

Definitions of the tferms and abbreviations used in this report

Antibiotic resistance

The ability of microbes to resist the effects of anfimicrobials.

Cadaver A fur animal that has died of natural causes or was culled and has
not been pelted.
Carrier An asymptomatic human or animal infected with a pathogen.

Category 1 by-
products

For example, TSE risk material, specified risk material and animals
containing specified risk material, mixtures of category 1 and 2 and
category 1 and 3 material, pets, infected wild animals, and animal
by-products that contain prohibited substances or environmental
contaminants in excess of the limits laid down in legislation.

Category 2 by-
products

Animal by-products, for example, animals that have died of
natural causes or have been culled, parts of animals rejected in a
meat inspection because of infection, manure and other intestinal
content, animals with a disease risk other than TSE risk, mixtures
of category 2 and category 3 material, by-products containing
residues of antibiotics or medicinal products in excess of the limits
laid down in legislation. Category 2 by-products suitable for use as
feed may be used as feed for fur animails.

Category 3 by-
products

Animal by-products from animals approved for human
consumption that are not used for human food. Category 3 by-
products originate in slaughterhouses, meat and fish production
facilities or other food production facilities, hatcheries and egg
packing facilities, and processing plants. They can be used as feed
for pets or fur animals and as feed for food-producing animals
within certain limits.

cfu

Colony-forming unit.

Contamination

Presence of a microbe or substance in an unwanted place or
material.

ESBL

Extended-Spectrum Beta-Lactamase, an enzyme produced by
bacteria that can break down antibiotics and cause antibiofic
resistance.

Fur animal carcass

A fur animal that has been pelted.

GAP Good Agricultural Practices

GMP Good Manufacturing Practices

HACCP Hazard Analysis and Critical Control Points
Import EU internal trade and non-EU country imports

Internal market trade

Trade between EU and EEA countries.

Isolate

A pure culture of a single microorganism.
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Microbe A microscopic organism such as a bacterium, a virus, a protozoan,
or a microfungus.

MRSA Methicillin-resistant Staphylococcus aureus

Mutation Microbial mutation is a change in the genetic material of a
microbe.

Pandemic An epidemic that becomes global.

Pathogenic Capable of causing a disease.

Pests An animal in a place where it could be detrimental to human
activity, e.g. rodents, birds, insects or pets on a fur farm.

Reservoir An organism or an environment in which pathogens reproduce
and/or remain transmissible.

RNA virus A virus that has ribonucleic acid as genetic material.

SARS-CoV-2 The Severe Acute Respiratory Syndrome Coronavirus 2 that causes
the COVID-19 disease.

Serotype Term used in connection with Salmonella classification.

Third country imports

Imports from non-EU and non-EEA countries.

TSE

Transmissible spongiform encephalopathies or prion diseases that
include the transmissible mink encephalopathy (TME) that causes
central neural system symptoms in mink.

WOAH

World Organisation for Animal Health (previously OIE).

Zoonosis

A disease than can spread between animals and humans.

Zoonotic pathogen

A pathogen that can be transmitted between animals and humans
(a bacterium, virus, parasite, fungus, prion).
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2 Introduction

The role of fur farming and especially mink in the circulation of zoonotic pathogens was
highlighted during the SARS-CoV-2 pandemic. The shelters of animals on fur farms are quite
exposed, and as carnivores, their feed includes large quantities of by-products of animal
origin that can also include zoonotic pathogens. Especially mink are susceptible to viruses
carried by humans and other animals, which can make them mixing vessels enabling
reassortment and mutation of viruses.

This project examined zoonotic pathogens significant to public health whose route of
transmission enables them to be transmitted to fur animals and from them to humans. These
include respiratory viruses and faecal pathogens. In addition, antibiotic resistance, and the
MRSA and ESBL bacteria found especially in livestock production were examined. Zoonotic
diseases that can be found in fur animals but that are unlikely to be transmitted from fur
animals to humans (e.g. toxoplasmosis and botulism) were excluded, as were diseases such
as rabies that are not currently occurring in Finland. Other health hazards may be present on
fur farms, most of which are a risk only to individual employees; these were also excluded in
this project.

This project focused on assessing the disease risk to humans posed by fur farming in Finland.
The high animal density on fur farms enables high transmission rates and provides suitable
conditions for pathogens to mutate. Preventing the tfransmission of pathogens both between
animals and between employees and animals can sometimes be challenging in fur farming.
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3 Fur farming in Finland and globally

There are approximately 550 fur farms in Finland. The primary animals farmed for fur in
Finland are mink (Neovison vison), raccoon dogs (Finnraccoon, Nyctereutes procyonoides),
foxes (Vulpes vulpes), and arctic foxes (Vulpes lagopus). In addition, the silver fox colour variant
of fox and blue fox variant of arctic fox are bred and cross-bred. By the number of individual
animals, mink and blue fox are the most significant fur animals in Finland, with more than

a million individuals annually. In addition, in 2021, there were 50,000 blue foxes and 100,000
each of raccoon dogs and colour variant foxes.

Finland is the only country in Europe that has the European Commission’s authorisation to
farm raccoon dogs for fur, as the raccoon dog is an invasive alien species. Most fur farms are
near the west coast, in Ostrobothnia, South Ostrobothnia, Central Ostrobothnia, and North
Ostrobothnia. The number of fur farms in Finland has reduced in recent years.

The number of animals on fur farms varies according to the farms’ production stages, and
it is at its lowest early in the year before litters are born and at its largest after the litters

are born and before pelting at the end of autumn. In this assessment, we used the annual
number of living animals on the fur farms as the number of animals, which in practice is the
combined number of dams and their offspring.

On fur farms, the animals are kept in cages with a wire mesh floor that allows faeces and
urine to fall under the cage. The cages are often placed in two rows in roofed sheds with no
walls on either side. Mink are also kept in cages in large barns, in which case the faeces is
removed and taken outside the building. According to legislation, the cages must have a nest
or shelf and additional enrichment devices such as sticks or other objects (Valtioneuvoston
asetus turkiseldinten suojelusta 1084/2011, 2011 [Government Decree]).

Fur farming is prohibited in 16 European countries, in addition to which several countries
have adopted legislation that significantly restricts fur farming or are planning to prohibit
fur farming entirely in the near future. Finland is currently one of the largest fur production
countries in Europe (EFSA and ECDC, 2021), but fur animals or samples from them are only
rarely tested for zoonotic pathogens. Sick animals are culled on the farms and not sent to be
examined, which is why there is a very limited amount of information about the pathogens
possibly carried by fur animails.
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4 Zoonoses

Zoonoses are diseases that can be transmitted between humans and animals. They can be
caused by a virus, a bacterium, a parasite, a fungus or a prion. Zoonoses can be transmitted
directly between animals or humans, or indirectly through feed or work equipment, for
example. Many infectious diseases that are found in fur animals are potentially zoonotic. Mink
farmed for fur are susceptible to many pathogens from humans and other animal species
(Fenollar et al., 2021). Avian influenza, swine influenza and SaRS-CoV-2 have caused high
mortality rates in mink farmed for fur (Aguero et al., 2023a; Clayton et al., 2022; Cossaboom
et al., 2022; Oreshkova et al., 2020; Akerstedt et al., 2012). In addition, Aujeszky’s disease (or
pseudorabies, caused by Suid herpesvirus 1) has caused high mortality in farmed mink (Wang
et al., 2018). According to reports made to the WOAH, bovine tuberculosis, echinococcosis,
mycoplasma infections, influenza A infections (e.g. several strains of avian influenza, both
high and low pathogenic), leptospirosis, paratuberculosis, rabies, SGRS-CoV-2 infections,
trichinosis, and tularaemia have been found in wild mink, foxes and raccoon dogs. Very little
research data exist on fur animal zoonoses, so the overall situation is unknown.

4.1 SARS-CoV-2

Coronaviruses are common pathogens for various animals. They are enveloped RNA viruses
and usually rather host-specific, but SARS-CoV-2 has been capable of fransmitting fo an
unexpected number of species, including humans.

Mink are innately very susceptible to SARS-CoV-2 infections. Of all fur animals, they are the
most susceptible to being infected with SARS-CoV-2 and to transmitting the coronavirus to
humans and other animals (EFSA AHAW Panel et al., 2023). The virus replicates effectively

in the mink respiratory system, and a strain mutated in mink has been proved to have been
transmitted back to a human (EFSA AHAW Panel et al., 2023; Koopmans, 2021; Oude Munnink
et al., 2021). The source of SARS-CoV-2 infection for animals kept in captivity is almost always
a human; after the first infection, the virus spreads between the animals in their enclosures
(Cossaboom et al., 2022; EFSA and ECDC et al., 2021; Hobbs & Reid, 2021; Mahdy et al., 2020).

Early in the pandemic, SARS-CoV-2 caused wide-scale epidemics on mink fur farms in the
Netherlands, Denmark, Italy, Spain, Sweden, the United Kingdom, Greece, France, Lithuania
and Poland, among others (EFSA and ECDC et al., 2021; Pomorska-Mdl et al., 2021). After

the virus enters a fur farm, it spreads quickly between the animals through direct contact

or droplets, aerosols or dust. For example, in the Netherlands, more than half of all mink
farms in the country had reported infections in just a few months (Lu et al., 2021; Sikkema

et al., 2022). The epidemic also progressed similarly in Denmark (Boklund et al., 2021). The
clinical symptoms of infected mink vary from a slight nasal discharge to severe pneumonia
and death. Most mink with a SARS-CoV-2 infection had rather unspecific symptoms such

as reduced feed consumption and various respiratory symptoms. In the reported cases,

the infection spread quickly to almost all the animals on the farm. The mortality rate of
adult mink was approximately two% in the Netherlands, whereas the normal rate is 0.6%
(Oreshkova et al., 2020). In necropsy, acute pneumonia was found to be the primary cause of
death (Molenaar et al., 2020). Experiences from Denmark and the Netherlands have proved
that after the virus enters a farm, it may be impossible to stop its spread.



Finnish Food Authority Research Reports 4/2023 | Zoonoses on fur farms - risk profile

In an extensive epidemiological study of 12 farms carried out in the United States, mink were
found to show symptoms very quickly, only one to two days after an infected employee

had been less than two metres away from the animals (Cossaboom et al., 2022). It is also
possible that the animals were infected before the employee started showing symptoms.

In some cases, the high mortality rate was the first symptom observed by the farmer, but in
other cases, the mink also showed clear signs of illness such as coughing and reduced feed
consumption before the mortality rate increased. The mortality rate can vary greatly between
farms, and a farm’s plasmacytosis (Aleutian disease) situation and production stage can
affect it. The omicron variant has also been proved to transmit to mink (Virtanen et al., 2022)
and to cause a similar disease as other SARS-CoV-2 variants. In experimental exposure, the
omicron variant was also found to be highly tfransmissible between individuals by aerosols.

By August 2022, SARS-CoV-2 had caused outbreaks on 500 mink farms in 12 countries
(Cossaboom et al., 2022). Compared to mink, significantly less information exists about the
susceptibility of foxes and raccoon dogs to SARS-CoV-2, but infections have been found in
both species (WOAH, 2023a). In experimental exposure, SARS-CoV-2 was found to infect
raccoon dogs, which were asymptomatic but still infectious, i.e. they are a possible reservoir
(Freuling et al., 2020). Fur farms are feared to become SARS-CoV-2 reservoirs in which the
virus mutates and from which it is then transmitted back to humans (EFSA AHAW Panel et al.,
2023; WOAH, 2020).

The SARS-CoV-2 tests carried out in Finland in between 2020 and 2022 are presented in Table
1. The share of tested individuals of the total population was 0.03% for mink and 0.01% for
farmed raccoon dogs in 2020, and 1% of mink and 0.9% of farmed raccoon dogs in 2021. The
data for 2022 was not accessible at the time this report was drafted. By February 2023, no
SARS-CoV-2 infections had been found on Finnish fur animals. The final number of analysed
samples was significantly smaller than the number proposed in the monitoring plan (Finnish
Food Authority, 2021b) A small number of samples enables the detection of an infection only
if the disease is already highly prevalent on the farm (Finnish Food Authority, Risk Assessment
Unit, 2020).

Table I. Number of samples from animals tested for SARS-CoV-2 by the Finnish Food Authority.
Source: Laboratories of the Finnish Food Authority.

2020 2021 2022

Mink 284 9,551 8,442
Raccoon dog 18 875 1,735
Fox - - 5

4.2 Influenza viruses

Influenza viruses are highly mutable RNA viruses that have caused several pandemics. Many
of the influenza viruses circulating in animals can occasionally infect humans and cause a
disease that can vary from mild to severe. These viruses can also cause pandemics such as
the 2009 influenza pandemic, which was caused by the influenza A (HINIT) 2009 virus that was
transmitted from pigs to humans. Mink have been proved to be highly susceptible to human,
swine and avian influenza viruses (Aguero et al., 2023a; Clayton et al., 2022; Sun et al., 2021).
Influenza viruses can spontaneously mutate in mink so that they are more readily able to
tfransmit to other mammails as well. Alternatively, different influenza viruses can reassort if an
individual mink is simultaneously infected with viruses from different sources. This can result
in an influenza virus with a new combination of genes, which could have pandemic potential
(WOAH, 2023b). Mink farms can act as a reservoir for pandemic viruses even after the
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pandemic passes. For example, the pandemic influenza A (HINT) 2009 virus (swine influenza)
caused an epidemic on a mink farm in Canada in 2011 (Akerstedt et al., 2012). In 2015, a H5NI
subtype influenza virus caused an outbreak on two mink farms in China. In both cases, the
mink mortality rate was very high: 56% (128/230) and 64% (242/376) (Jiang et al., 2017). In
2019, the pandemic influenza A (HINT) 2009 virus caused an epidemic on a mink farm in Utah
(Clayton et al., 2022). In three weeks, ten% of mink kits on the farm died. In necropsy, the kits’
cause of death was found to be acute pneumonia. The source of the infection was suspected
to be a farm employee, as the employee had respiratory symptoms at the tfime of the event.

In 2022, an outbreak of the highly pathogenic A (H5N1) avian influenza virus occurred on a
Spanish mink farm (Aguero et al., 2023a; Xunta de Galicia, 2022). The mink on the farm had
respiratory symptoms, a loss of appetite, central nervous system symptoms and a higher
mortality rate. The infection spread between individual animals, and new mutations of the
virus were found compared to a similar virus isolated from birds (Aguero et al., 2023b; Vries &
Haan, 2023). The avian influenza A virus (H5NI1) has also been found to be capable of infecting
foxes, in which it causes serious neurological symptoms (EFSA, 2022; Rijks et al., 2021).
Influenza infections caused by the virus type have also been found in raccoon dogs (EFSA,
2022). In recent years, avian influenza has also been found to be more readily transmitted to
other mammails, which is worrying because cross-species transmission is associated with an
increased risk of mutation (ECDC, 2022a). H5N1 seems to have already developed the ability
to transmit between mammails. This is a mechanism that enables the virus to potentially
cause an avian influenza pandemic.

In recent years, highly pathogenic avian influenza has been found in wild birds in Finland
(Rossow et al., 2023; Finnish Food Authority, 2022c). The largest avian influenza epidemic

in Europe has been ongoing since the autumn of 2020 and has killed millions of birds and
resulted in the need to cull a large number of birds in the poultry industry (EFSA, 2022). The
number of reported avian influenza (H5NI) infections in mammails has also been increasing
globally (WOAH, 2023b). Between 2017 and 2022 in Finland, the highly pathogenic avian
influenza (H5N1) was found in a wild Eurasian lynx, a wild Eurasian otter and two red foxes,
which died showing neurological symptoms (Tammiranta et al., 2023). This was considered
a sign of an increased risk of spillover from birds to mammails. In recent years, the avian
influenza virus has been found more often in samples taken from the brains of infected
mammals than in samples taken from other tissue types (ECDC, 2022b).

In Finland, fur animals are tested for influenza very rarely. No animals were tested in 2022,
samples from four mink were tested in 2021, and one mink was tested for influenza in 2020.
Between 2017 and 2022, samples from only 22 fur animals were tested for influenza. Besides
mink, no other fur animals have been tested for influenza in the last five years. The share

of the tested animals has been 0-0.0004% of the total population. Since the size of the fur
animal population is in the millions, it can be said that there is virtually no information about
the influenza situation of Finnish fur animals. The symptoms of an influenza infection can be
mild, or the infection may be asymptomatic, in which case no animals are tested in a system
where tests are carried out when required.

4.3 Salmonella

Salmonella bacteria are among the most significant causes of food poisoning in industrial
countries, which is why there has been major investment in food production to combat
them in Finland since the 1950s. In 1994, Finland introduced a national Salmonella Control

13
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Programme with the aim of keeping its prevalence below one per cent in pork, beef and
poultry meat production and egg production. For years, the prevalence rate has remained
below the target. Because of the control programme, products derived from certain animals
may not be imported into Finland unless the products have been tested and proved free of
salmonella.

Salmonella is a bacterium species found in humans and several animal species. Salmonella
are classified into approximately 2,500 serotypes that vary in virulence and environmental
persistence. Salmonella can also reproduce in habitats other than the gastrointestinal tract
(Semenov et al., 2010). The symptoms of a salmonella infection vary from no symptoms

to fatal symptoms, depending on the salmonella serotype and the individual infected.
Salmonella usually cause a gastrointestinal infection with diarrhoea and a fever also in
mink. Other possible symptoms include loss of appetite, fatigue, vomiting, and spontaneous
abortion and endometritis. Mink seem particularly susceptible to salmonella infections when
they are pregnant (Dietz et al., 2006), and the risk of spontaneous abortion is high.

All fur animals can be infected with salmonella, but the Finnish Salmonella Control
Programme does not apply to them. Animal production with high animal density is
considered a possible salmonella reservoir and a source of salmonella infections of humans
and other animals. Agga et al. (2022) proved that salmonella infections found in mink were
connected to salmonellosis found in humans and certain other animals. Finnish studies have
also found connections between the salmonella infections of production animals and fur
animals (Pelkonen et al., 2022; Ranta et al., 2020) but were unable to prove the direction of
transmission.

In Norway, salmonella was found in samples taken from faeces of wild red foxes, especially

in the late winter (10.5% positive in February and 14.3% in March) (Handeland et al., 2008). In
Poland, prevalence in foxes was lower - 2.45% of rectal swabs taken from foxes tested positive
for salmonella (Nowakiewicz et al., 2016).

In a US mink farm study, 26.2% of the analysed faeces samples tested positive for salmonella
(Agga et al., 2022). In Poland, salmonella bacteria were found in 16.5% of samples collected
from the fresh faeces of asymptomatic farmed silver foxes (Siemionek et al., 2020). In farmed
silver foxes, experimental infections were asymptomatic (Handeland et al., 2008).

Danish fur farms had an extensive salmonella epidemic in 2000. The source of infection could
not be identified, but a compound feed plant that produced the feed used on the farms was
strongly suspected (Dietz et al., 2006).

In Finland, salmonella infections are found on a few fur farms each year (Finnish Food
Authority, 2020q, 2021a). In 2021, a larger epidemic affecting dozens of farms was discovered
that was possibly associated with the feed used (Finnish Food Authority, 2022b). Salmonella
testing carried out on fur animals and the share of positive samples are presented in Figure
1. The number of tested samples is small. The number of tested samples has reduced for all
species, while the number of positive results has increased. The large number of positive test
results seen in 2021 reflects the epidemic related to feed.



Finnish Food Authority Research Reports 4/2023 | Zoonoses on fur farms - risk profile

A 160
8 140
£120
0
2100
§ 80
© 60
2 40
k)
0 J L [ ] [ ] I L ]
2017 2018 2019 2020 2021 2022
B 100
g w
2 £ 80
o &2
e g
L5 60
29
(73]
gL a0
T T
5 0 20
v g I
=
e et - I - =
U 0
0

2017 2018 2019 2020 2021 2022
Silver fox B Mink Hybrid fox

Blue fox B Red fox B Raccoon dog

Figure 1. Number of sample batches tested for salmonella (A) and share of salmonella-positive sample
batches of all tested samples (B) in 2017-2022 in Finnish fur farms. ‘Sample batch’ means the batch of
samples sent by an individual farm. Several batches from the same farm may have been tested, but these
cannot be identified from the data.

4.4 Campylobacter

Bacteria from the Campylobacter genus are commonly found in nature and production
animals, especially in the gastrointestinal tract of poultry. The genus is large, and the most
significant zoonotic pathogens within it are C. jejuni and C. coli. Humans can contract
campylobacteriosis through food or water.

Campylobacter is highly adapted to living in the gastrointestinal tract of birds, which is

why Finland has a national Campylobacter Control Programme (Finnish Food Authority,
2022a). Of neck skin samples from slaughtered broiler chickens, approximately five per

cent tested positive for campylobacter, while less than 0.2% of samples from carcasses had
campylobacter in excess of the set limit value (<1,000 cfu/g) (Finnish Food Authority, 2022a).
The share of broiler chickens with a campylobacter colonisation level exceeding 10 cfu/g was
2.2% (Gonzdlez et al., 2016). Culled egg production hens and poultry by-products are used as
feed for fur animals.
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In a Finnish study, 31% (189/608) of rodents caught on agricultural farms tested positive for
campylobacter (Ranta et al., 2020). C. jejuni was found in nearly all animal species collected in
the study and in at least one sample from each farm that provided caught animails.

In the United States, two farms that fed their mink with wet feed had large numbers of
animals that fested positive for campylobacter. On a third farm that used pelleted feed, no
animals tested positive for campylobacter (Bell & Manning, 1990).

In Finland, in the last five years, a slightly smaller number of samples from fur farms has been
tested for campylobacter than for Salmonella (Figure 2A). Usually, more than half the tested
sample batches have been positive for campylobacter (Figure 2B). The number of samples
from all fur animals has decreased.
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Figure 2. Number of sample baiches tested for campylobacter (A) and share of campylobacter-positive
sample batches of all tested samples (B) in 2017-2022. ‘Sample batch’ means the batch of samples sent by an
individual farm. Several batches from the same farm may have been tested, but these cannot be identified
from the data.
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4.5 Cryptosporidium

Cryptosporidium is a genus of parasites, most of which are specific to a certain animal
species. Some members of the genus, such as Cryptosporidium parvum, can infect and cause
symptoms in several host species. The C. parvum species is typically found in humans, bovines
and cervids (Helmy & Hafez, 2022). Many animal species also have their own Cryptosporidium
species, which they can carry with or without mild symptoms. Of human Cryptosporidium
infections, 90% are caused by C. hominis or C. parvum, but several other Cryptosporidium
species (C. meleagridis, C. baileyi, C. andersoni, C. canis, C. felis, C. bovis, C. suis, C. fayeri,

C. scrofarum, C. tyzzeri, C. erinacei and C. muris) have also been found in both humans and
animals (Helmy & Hafez, 2022).

In a Chinese study, several Cryptosporidium species were found in mink, blue foxes and
raccoon dogs. Of the samples from mink, 12.1% (26/214) were positive, and C. parvum was
identified in two of the samples (Qian et al., 2020). The other species found in the mink were
either of the potentially zoonotic species C. canis (7 samples) or of a Cryptosporidium species
commonly found in mink (17 samples). For blue foxes and raccoon dogs, all positive samples
(1/35 and 8/39) had C. canis species. Although the zoonotic C. parvum was only found in a few
samples, all the identified species and genotypes have also been found in humans, which
means the role of fur animals in zoonotic Cryptosporidium infections must be considered
(Qian et al., 2020).

In Finland, mink only from one farm were tested for Cryptosporidium in 2017 (3 samples),
and blue foxes from three farms were tested in 2020 (11 samples total). In 2020, an untyped
Cryptosporidium parasite was found on one farm, which belonged to a species other than
the zoonotic C. parvum.

4.6 Antibiotic resistance

Antibiotic resistance is not only found in pathogenic bacteria but also in other bacteria.

The resistance genes can be fransferred between bacteria, and they can be transferred

from other bacteria to pathogenic bacteria and therefore hinder pharmacotherapy. Use of
antibiotics on production animals favours resistant bacteria, which means they become more
common.

Antibiotic-resistant bacteria may enter fur animals through their environment, from humans
and other animals, or through feed. The resistant bacteria can then be transferred from the
fur animals to other fur animals and even to the farm employees or the environment through
faeces. Environments such as fur farms where animal density is high enable the bacteria and
their resistance genes to extensively spread to other animals.

The antibiotic resistance of pathogenic bacteria isolated from farmed mink was studied in
Denmark between 2014 and 2016, and it was found that more than 80% of the E. coli isolates
were resistant to ampicillin, and more than 40% to streptomycin, sulfonamides, tetracyclines
and trimethoprim (Nikolaisen et al., 2017). Of these isolates, 12% were susceptible to all 17
studied antibiotics, and 60% were resistant to three or more of the studied pharmaceuticals.
In a study of mostly Danish farms that included a few Icelandic and Dutch farms, large
quantities of E. coli and Staphylococcus delphini strains were found that were resistant to
tetracyclines (Nikolaisen et al., 2022).
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In a US study, nearly all mink faeces and feed samples were found to include resistant E. coli
bacteria (Agga et al., 2021). Resistance to tetracyclines and third-generation cephalosporins
was particularly common, but some ESBL-producing bacteria were also found. The samples
of mink faeces were also tested for anfibiotic resistance genes in bacteria, and these were
usually related to five groups of antibiotics: macrolide, lincosamide and streptogramin (MLS)
antibiotics; tetracyclines; beta-lactam antibiotics; aminoglycosides; and fluoroquinolones.
Another US study examined the resistance of Salmonella species isolated from the faeces
and feed of farmed mink (Agga et al., 2022). Of the 12 isolates of Salmonella isolated from
the faeces samples, two were multi-resistant to the ampicillin-streptomycin-sulfafurazole
(sulfoamide)-tetracycline combination. Other isolated isolates carried different resistance
genes.

The prevalence of antibiotic-resistant bacteria in Finnish fur animals is reported in the annual
FINRES-Vet reports, the latest of which was for the 2020-2021 period (Finnish Food Authority,
2022e). Of the 22 1o 28 C. jejuni strains isolated from fur animals during this period, 23% were
resistant to nalidixic acid, 18% to the fluoroquinolone ciprofloxacin, 18% to tetracyclines, and
one strain to erythromycin. Gentamicin resistance was not found. Samples from farmed mink
(231 animals, 57 farms), blue foxes (32 animals, 13 farms), and raccoon dogs (29 animals, 11
farms) were analysed for ESBL-, AmpC- and carbapenemase-producing E. coli bacteria and
MRSA bacteria. Positive isolates were rare: one AmpC-producing E. coli strain was found in
2020, and one ESBL-producing E. coli strain in 2021. MRSA was not found in any of the samples.
The samples tested for ESBL-, AmpC- and carbapenemase-producing E. coli bacteria were
rectal swabs, and the samples tested for MRSA were nasopharyngeal and paw swabs. In
2017, rectal swabs from 100 foxes from one Finnish farm were tested for MRSA and ESBL, and
none of the samples was positive (Verkola and Heikinheimo, unpublished study). In a study
of Streptococcus halichoeri bacteria isolated from Finnish dogs and fur animals, resistance

to erythromycin and clindamycin was found common in strains isolated from dogs but less
common in the strains isolated from the 23 fur animals, and 70% of the strains were found
susceptible (Eklund et al., 2020).

In Denmark, around a third of samples from fur farms were positive for LA-MRSA CC398
(MRSA associated with production animals), and Danish fur farms are suspected to be a
reservoir for LA-MRSA CC398 (Hansen et al., 2017). In the study, mink oral swabs and paw
swabs especially tested positive for MRSA, but rectal swabs did not. This could indicate that
mink are continuously contaminated with MRSA on the farms but do not serve as carriers
(Hansen et al., 2017). On the mink farms where MRSA was found, it was also found to have
been transmitted to mink kits either through the dams or the contaminated environment
(Fertner et al., 2019b).

In Denmark, contact with mink was added as a risk factor for human MRSA infections in 2016
(the Danish Health Authority, 2016). In pig production, the most significant MRSA exposure risk
to humans is visiting a pig farm, but the risk caused by fur animals to their keepers remains
unknown. The open structures of fur farms may reduce exposure via dust, but the exposure
risk from bites and scratches from handling the mink and the risk from handling their feed
can be greater than the exposure risk related to working on a pig farm (Fertner et al., 2019b;
Hansen et al., 2017).

The connection between antibiotic use and the antibiotic resistance of E. coli and
Staphylococcus delphini bacteria was examined in a study that mostly included Danish mink
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farms but also two farms from both Iceland and the Netherlands (Nikolaisen et al., 2022).

A significant connection between resistant bacteria and the use of specific antibiotics was
found; the short-term use of tetracyclines during the growth period was connected to the
tetracycline resistance of E. coli bacteria during the same period, and the long-term use of
macrolides and fetracyclines was connected to the erythromycin resistance of S. delphini
during weaning period and to the tetracycline resistance of the same during the growth
period. A significant number of resistant strains was also found in the same study on fur
farms that did not use antibiotics, indicating that resistant strains are very persistent or have
extensively spread to the environment.

In Finland in 2020 and 2021, the annual production amount of fur animal feed containing
antibiotics or antiparasitics was approximately 1.6 million kilograms, of which around 200
kilograms were active substances. The reported amount has reduced compared to previous
years, in which the annual amount of medicated feed was close to or even more than 4
million kilograms. Sulfadiazine-trimethoprim is the most commonly used antibiotic, and its
use in medicated feed increased in 2020 and 2021 in particular (Finnish Food Authority, 2022f).
Usually, medication is prescribed by farm or by animal group and not by individual animal,
which means healthy animals are unnecessarily medicated.

Significance of feed in the spread of antibiotic-resistant bacteria

The feed produced with ingredients from food-production animals is an important factor in
the transfer of antibiotic-resistant bacterial strains to fur animals (Agga et al., 2021). Nearly
all mink faeces and feed samples collected in a US study were found to include resistant E.
coli bacteria (Agga et al., 2021). Another US study examined the resistance of Salmonella
species isolated from the faeces and feed of farmed mink (Agga et al., 2022). Some isolates
were connected to Salmonella isolated from humans and meat-production animals, which
indicates that feed produced from food-production animals is the source of the resistant
Salmonella found in fur animals (Agga et al., 2022).

An experimental study by Fertner et al. (2019a) demonstrated that MRSA bacteria could
spread to mink through contaminated feed. In the study by Fertner et al. (2019b), samples
from two farms out of the total five tested positive for MRSA bacteria, and 20 to 29% of the
tested mink were found to be MRSA-positive. The feed used came from the same compound
feed plant, and the MRSA bacterium isolated in the study was also found in pigs. The
microbiological quality of feed is connected to the use of antibiotics on fur farms. The lower
the feed quality, the more antibiotics were given to mink within one month (Jensen et al.,
2016). Jensen et al. (2017) came to the same conclusion: the increase of faecal cocci in feed is
connected to the increased use of antibiotics in mink.

In a Danish study, most LA-MRSA CC398 strains isolated from mink (82%), and mink feed
(63%) and in human infections related to mink (70%) belonged to the MRSA lineages that
generally circulate in the Danish pig population (Hansen et al., 2020). The study showed that
the most probable source of the MRSA strains found in mink was contaminated mink feed
originating in the Danish pig production industry, and possibly contaminated import feed.

MRSA bacteria are also found in Finnish pork, and the share of positive samples has increased
in recent years. Of the 206 samples taken from pork sold at retail stores in 2021, 12.6% tested
positive for MRSA, and all but one of the positive samples came from Finnish products (Finnish
Food Authority, 2022e).
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5 Pathogen routes of transmission

Fur farms serve as crossroads of several material streams from livestock production (Figure
3).

==

»
L

Figure 3. Contacts and materials streams in fur farming.

Fur animals can contract diseases from pathogens tfransmitted from other farmed animails,
humans, feed, work equipment or vehicles, or through contact with other animals. Figure

4 shows possible routes of transmission on fur farms. Pathogens can be transmitted from
fur animals to humans, other animails, or the environment, for example, to fields through
manure, or as contaminants to the feed or food production chain or to water.
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Figure 4. Possible routes of transmission on fur farms.

5.1 Humans

Humans can carry all zoonotic pathogens. In particular, fur animals are highly susceptible to
human respiratory viruses that are transmitted via droplets or aerosols. The transmission of
faecal pathogens from humans to animals is also possible especially if a fur farm does not
provide sufficient facilities for washing hands or has other hygiene deficiencies.

Fur farm employees are in contact with the animals daily, and other people sometimes visit
farms as well. The staffing needs of fur farms vary depending on the production stage, and
temporary workers are hired during the mating and pelting seasons in particular. Employees
moving from one farm to another can carry pathogens with them.

5.2 Animals

Purchased animals

Animals purchased for fur farms can carry diseases, and when the animals are moved,
pathogens move with them from one farm to another. Animal traffic between fur farms

is relatively limited. Breeding animals are purchased from other farms, and some farms
specialise in growing the animals from kits to pelting, which means they take in animals from
other farms.
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Fur animals imported into Finland

Like purchased animals, fur animals imported into Finland can bring pathogens with them
that can then spread in Finland. During the SARS-CoV-2 pandemic in 2021 and 2022, no fur
animals were imported into Finland. A total of 2,157 animals were imported into Finland in
seven batches from Denmark and Norway in 2018. In 2019, 148 animals in two batches, and
in 2020, 150 animals in one batch, were imported into Finland from Norway (Finnish Food
Authority, 2019ad, 2020b, 2021c, 2022d).

Wild animals

Many wild animals such as rodents and birds, e.g. western jackdaws and gulls, live around
fur farms. They can bring pathogens onto fur farms and transmit them from fur farms to
other locations. The structures on fur farms are relatively open, which means pests cannot
be completely prevented from entering the animal facilities. Birds and especially rodents can
relatively easily access the feed processing facilities, structures of the sheds and the feed laid
out for the fur animals. Among others, Salmonella and Campylobacter have been found

in birds, rodents and other small mammals that lived near fur farms, including in Finland
(Andrés-Barranco et al., 2014; Backhans et al., 2013; Meerburg et al., 2006; Ranta et al., 2020).
The highly pathogenic avian influenza virus A (H5NI1) that caused an outbreak on a Spanish
mink farm was probably transmitted by a bird (Aguero et al., 2023a).

Wild animals can become infected from the feed or manure on fur farms and then spread
the infection to the environment and other animals. In a Finnish study, a fur farm was found
be connected to an increased risk of Salmonella infection on cattle and pig farms less than
one kilometre from the fur farm (Ranta et al., 2020). Determining the direction of the infection
requires a different study design and closer studies of the strains found.

Pets

Pets can carry zoonotic pathogens or be infected by them. In both cases, pets can tfransmit
the pathogens to other animals and humans. If a pet is in direct or indirect contact with a fur
animal, pathogens can transmit in both directions. The close relationships of humans and
their pets can contribute to the transmission of pathogens between species. Cats living on
and freely roaming around fur farms have been found to become infected with SARS-CoV-2
and to tfransmit it to their surroundings (Amman et al., 2022; Yoo & Yoo, 2020). Cats and
dogs can also be carriers of Salmonella and Campylobacter bacteria, in which case they can
transmit pathogens between humans and other species (Marks et al., 2011; Thépault et al.,
2020).

5.3 Feed

Animal by-products are used as ingredients of fur animal feed, and the by-products can
contain pathogens or spoilage bacteria and serve as a good growth medium for them
throughout the feed chain. In Europe, Salmonella is considered the most significant pathogen
for production animals, but findings of Listeria monocytogenes, E. coli O157:H7 and Clostridium,
as well as antibiotic-resistant bacteria and resistance genes, among others, are also possible
(EFSA et al., 2008). In addition to bacteria, feed can have viruses, parasites, mould or
mycotoxins that endanger the health of the animals.
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Figure 5 has a diagram of the fur animal feed chain. The information box has a description
of the various feed chain operators. Feed mainly consists of production animal or fish by-
products and fish, as well as cereals and mineral, trace element and vitamin supplements
(Koskinen, 2007). Animal by-products are formed in connection with livestock production,
slaughter, meat inspection, and meat cutting that are not suitable for human consumption.
Of category 2 by-products, animals that have died of natural causes or that have been culled
can also be used for fur animal feed, as long as the processing standards laid down in the
Commission Implementing Regulation ((EU) 142/2011, 2022) are met.

Food
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Figure 5. Fur animal feed chain in general.

The feed for Finnish fur animals is usually produced in Finland, but it can include ingredients
and components originating elsewhere (Finnish Food Authority, 2021d), which highlights the
importance of being familiar with the entire production chain. In 2021, approximately 240
million kilograms of fur animal feed was produced in Finland (Fifur, 2023). Of the ingredients,
some two thirds came from animals. In 2021, a total of 28 million kilograms of feed was
imported into Finland, most of which (93%) came from the EU or the EEA (Finnish Food
Authority, 2022j). The exact amount used as feed for fur animals is unknown, and the figures
also include ingredients for pet feed, for example. With a few exceptions, category 3 by-
products can be imported into Finland for use as fur animal feed, and category 2 by-products
can be imported with a permit (Finnish Food Authority, 2022i, 2022k).

Subject to a permit, intraspecies recycling is also allowed for foxes and raccoon dogs if
certain conditions are met. Intraspecies recycling means that feed made with carcasses from
one species can be given as feed to animals of the same species. More than half of fox and
raccoon dog farms engage in intraspecies recycling (Finnish Food Authority, Animal Health
and Medication Unit, verbal communication on 10 March 2023). Intraspecies recycling is
prohibited for mink.
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Fur animal feed chain operators

Slaughterhouses

Slaughterhouses provide by-products to collection centres, processing plants and compound
feed plants. Category 2 and 3 by-products are used for fur animal feed. By-products used for
fur animal feed do not need to be pre-processed at the slaughterhouse (Finnish Food Authority,
2019b).

Collection centres

The collection centres freat the by-products either with heat at temperatures of 80 °C or with

acid with a pH of less than 4.2. After heat treatment, the by-products are refrigerated or frozen for
storage. Fish by-products can also be frozen and stored at a temperature under -18 °C. Collection
centres may also accept culled hens, chickens, and turkeys that have not been pre-processed if
there is no reason to suspect they contain communicable diseases that can spread to humans

or other animals (Maa- ja metsatalousministeridn asetus eldimistd saatavista sivutuotteista
783/2015, 2015 [Decree of the Ministry of Agriculture and Forestry]).

Processing plants

Processing plants produce fur animal feed from the carcasses of production animals from which
any TSE risk material has been removed (Finnish Food Authority, 2019b). Several processing
methods are allowed, and the method is chosen according to the by-product category ((EU)
142/2011, 2022). Finland has six processing plants that accept dead fur animals (Finnish Food
Authority, 2023). The largest of these is Honkajoki Oy, which accepts all production animals.

In 2021, the plant processed more than 20 fonnes of mink carcasses, and slightly less than 200
tonnes of fox carcasses (Finnish Food Authority, 2022b).

Compound feed plants

Compound feed plants, also called ‘feed kitchens’ in Finland, produce fur animal feed for their
customer farms. Compound feed plants mix the feed ingredients and sometimes also heat them
into a porridge-like compound mass that is delivered to the customer farms within the same day.
In 2021, nine Finnish compound feed plants produced fur animal feed (Finnish Food Authority,
20229).

Farm feed plants

Some fur farms have their own feed plants in which they produce feed for their farm (Finnish Food
Authority, 2021d). Farm feed plants can engage in interspecies recycling, i.e. using the carcasses
of foxes or raccoon dogs culled on the farm for the feed given to another fur animal species. The
use of mink carcasses as an ingredient in farm feed plants is prohibited. In farm feed plants, the
carcasses of foxes and raccoon dogs must be heated at a temperature of more than 100 °C for
30 minutes. Of other culled animals, farm feed plants may accept only healthy hens, chickens and
turkeys that are not suspected of having, or have been proved not to have, any communicable
diseases that can spread to humans or other animals. The carcasses must still be tfreated with
acid or heat before they are used for feed (Mao- ja metsdtalousministeridn asetus eldimistd
saatavista sivutuotteista 783/2015, 2015 [Decree of the Ministry of Agriculture and Forestry]). There
were 60 farm feed plants in Finland in 2022 (Finnish Food Authority, 2022b).

Food industry

Like slaughterhouses, meat and fish production plants supply by-products for fur animal feed. In
addition, old food products that are still viable for use as feed can be used as fur animal feed as
they are, which means that they do not need to be treated. If an untreated by-product is supplied
for feed use after 24 hours of its collection, it must be kept refrigerated or frozen (Finnish Food
Authority, 2019b, 2022i).
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Harmful microbes can end up in feed through its ingredients or through post-process
contamination. The microbes can spread through the feed unless the feed production methods
destroy or reduce them in the intended way to a safe level - in other words, if freatment with
heat or acid is insufficient or inappropriate (Axmann et al., 2017; EFSA et al., 2008; Pelyuntha

et al., 2022). Epidemics caused by salmonella or avian influenza viruses transmitted through
feed and the spread of MRSA on fur farms have been studied in several countries. Table 2
summarises feed-related epidemics and results from the feed chain found in the literature and
control results.

Pathogens that spread through feed can cause extensive epidemics on fur farms because each
feed batch is quickly dispensed and fed to a large number of animals. The feed chain is large
with many branches, and ingredients of animal origin can end up on a farm through several
operators. Feed can be contaminated with pathogens even if the feed chain is tightly controlled
because no freatment method can fully destroy all pathogens, and sampling can never be
sufficiently extensive to ensure all pathogens are found. A timely and correctly targeted control
system with sampling that covers feed production from primary production to the end product
(GAP, GMP and HACCP) is considered a comprehensive method for controlling the number

of harmful microbes. A deficient system or control can cause massive damage (Haggblom,
2009). In inspections of authorities, deficiencies have been found in the labelling of by-products
and in self-monitoring plans (Finnish Food Authority, 2022b), which can lead to the use of
inappropriate freatment and storage methods, which in turn introduces a risk of post-process
contfamination and enables the survival and spread of microbes. Category 2 by-products

are sometimes intentionally labelled as category 3 by-products, in which case the operator
gains financial benefit but endangers the health of humans and animals (Stjerna et al., 2015).
Transport also exposes feed to contamination. Feed and its ingredients are even transported
between countries.
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Table 2. Feed-related epidemics on fur farms and results from the feed chain in 2000s.

Country ‘ Pathogen ‘ Sample from ‘ Results ‘ [\ [e} (=1 ‘ Reference
Denmark | Salmonella Dublin Compound feed QOutbreaks on 22 mink farms, 2 fox farms, and1 | In 2000 Dietz et al., 2006
plant, strong mink and fox farm
suspicion
Salmonella Three mink feed 1 Salmonella-positive test result in a raw In 2016-2017 Lyhs et al., 2019
Typhimurium + MRSA production plants ingredient made with pork
3 MRSA-positive test results in raw ingredients
made with pork and poultry
The United | Feed: Salmonella Cerro | Feed, suspicion 1 mink farm: 1/8 (13%) of feed samples and 11/42 | In 2017 Agga et al. 2022
States Faecal sample result: Faecal samples (26%) of faecal samples were Salmonella-
Salmonella Uganda, were also tested positive
S. Reading, 2/12 (17%) of the isolates isolated from faecal
S. Heidelberg and samples were multi-resistant, and resistance
S. Orion genes were also found in other isolates.
Antibiotic resistance
Finland Salmonella Poona Fur animal feed Primarily found in fur animal feed In 2003-2015 Pelkonen et al., 2022
Salmonella ssp. |. Complete feed, 1/7 (14%) of samples positive National feed control planin 2013 | Evira, 2014
compound feed
plant
Salmonella spp. Compound Some findings in production environments, raw | Self-monitoring samples in Evira, 2016 Evira, 2017b
feed plant and materials and final feed products 2015-2017 Evira, 2018
processing plants
Salmonella Derby Complete feed Feed sample batch positive Self-monitoring sample. Raw Evira, 2017b
materials and feed consumed on
the farm before action could be
taken in 2016
Salmonella Derby Complete feed 1/11 (9%) of samples positive National feed control planin 2016 | Evira, 2017a
Salmonella Poona Compound feed 1/99 of samples Salmonella-positive (10 Finnish Food Authority’s projectin | Unpublished data
plants, farm feed compound feed plants). No findings from farm | 2020
plants feed plant samples (0/15).
Salmonella Enteritidis Feed-related Feed-related infections on dozens of fox farms | In 2021 Finnish Food Authority,
suspicion 2022b
I
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Country | Pathogen Sample from Results Notes Reference
Denmark | MRSA Feed: Pork production by- The lineages L1 to L3 of the LA-MRSA CC398 strain In 2014-2016 Hansen et al., 2020
products and import feed, commonly circulating in Danish pigs were found in
suspicion. mink feed (63%), mink (82%), and humans who had
Fur animal cadavers and been in contact with mink (70%)
humans were also tested
MRSA Feed: Pork production by- 20/108 (19%) of feed samples were MRSA-positive In 2015-2016 Hansen et al., 2017
products, suspicion. 20/58 (34%) of cadavers were MRSA-positive
Fur animal cadavers and 20/50 (40%) of mink farms were MRSA-positive
mink were also tested
MRSA Feed: Pork production by- 2/5 of feed samples from the farm were MRSA-positive | In 2017 Fertner et al., 2019b
products, suspicion. All five of the tested mink farms were LA-MRSA-positive
Mink and samples from the | 4/5 of the mink on the farm were LA-MRSA-positive,
farm environment were also | MRSA-positive environmental samples were found on
tested all farms
The apparent prevalence of LA-MRSA on the tested
mink was 20-29%
Canada | Influenza A (H3N2) virus | Pork production by- Symptomatic influenza infection in mink. In 2007 Gagnon et al., 2009
products, suspicion.
Finland Clostridium botulinum, Non-acid-treated poultry 44130 fur animals died or were culled. 8,033 with In 2002 Lindstrém et al., 2004
type C by-product, suspicion milder symptoms survived. All-cause mortality 21.7%
Clostridium limosum Raw acid-tfreated meat Cadavers with endometritis as the primary finding on | In 2013 Bistrom et al., 2015

production by-product,
suspicion

22 mink farms. All the infected animals were pregnant.
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5.4 Manure and urine

On fur farms, manure falls out of the cages onto the ground and outside the building through
the wire mesh floor. Some feed and litter material may also be included (Lehtoranta et al.,
2020; Ministry of the Environment, 2018). Use of litter in manure is recommended, as it reduces
the number of fly eggs laid in the manure. In 2016, Finnish fur animals produced more than
200 million kilograms of manure (Lehtoranta et al., 2020). Fox manure is removed from
beneath the sheds once or twice a year, and mink manure three to five times a year (Ministry
of the Environment, 2018). After the manure is removed, it is either composted (approx.

40%) or temporarily stored in heaps before it is spread on fields (approx. 60%) (Lehtoranta

et al., 2020). The manure should be composted to eliminate pathogens (Ministry of the
Environment, 2018). Although manure storages can be uncovered (Lehtoranta et al., 2020),
they should still be watertight (Ministry of the Environment, 2018). Ultimately, the manure

is used as fertiliser in fields. Urine and water are collected through a membrane into septic
tanks placed under the sheds and used as fertiliser (Lehtoranta et al., 2020).

Processing fur animal manure into safe ferfiliser is important for preventing the spread of
zoonotic bacteria, for example. A tfemperature of 70 °C should be achieved in composting
and maintained for at least an hour to ensure the manure is sanitised (Luostarinen et al.,
2011). However, not all microbes and bacterial spores can be destroyed via composting, even
at the above temperature (Franke-Whittle & Insam, 2013).

5.5 Cadavers

In remote areas in Finland, fur animal cadavers and offspring born dead can be buried in the
ground or delivered to authorised landfills ((EC) 1069/2009, 2019; Laki el@imistd saatavista
sivutuotteista 517/2015, 2015 [Animal By-Products Act]). The entire area of Finland is considered
aremote area except for Western Finland, with its numerous fur farms; the municipalities
falling under its collection area are listed in a decree of the Ministry of Agriculture and Forestry
(Maa- ja metsatalousministerion asetus el@imisté saatavista sivutuotteista 783/2015, 2015
[Decree of the Ministry of Agriculture and Forestry]) (amendment 1142/2022).

Except for offspring born dead, cadavers may not be buried in the ground in this collection
area, and they must be delivered to a processing or incineration plant ((EC) 1069/2009, 2019;
Laki eldimistd saatavista sivutuotteista 517/2015, 2015 [Animal By-Products Act]; Maa- ja
metsatalousministerion asetus eldimistd saatavista sivutuotteista 783/2015, 2015 [Decree

of the Ministry of Agriculture and Forestry]; Finnish Food Authority, 2022h). Farms can have
their own incineration or co-incineration plants where they may incinerate whole cadavers.
If animals that have died of a disease or offspring born dead are buried in the ground or
delivered to a landfill, they can fransmit pathogens to the environment.
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6 Biosecurity on fur farms

Biosecurity means practices that aim to prevent the animals being exposed to pathogens.
External biosecurity aims to prevent the entry of pathogens onto the farm, and internal
biosecurity aims to prevent the spread of pathogens in the animals on the farm, either
between animal units or individual animals, as well as between animals and humans.

On fur farms, external biosecurity includes the fences required by legislation on the borders
of the farms or other structural solutions. The purpose of fencing is to prevent fur animals
escaping, but it also prevents large wild animals entering the farm. However, fur farms are
often placed near each other, which enables airborne tfransmission of pathogens between
farms (Finnish Food Authority, Risk Assessment Unit, 2020). In addition, fencing does not
prevent birds or rodents entering or leaving farms. The most effective method for reducing
the number of birds entering a farm is to make the farm area as unappealing to them as
possible, i.e. to ensure there are no appealing spots for the birds to land, and that there is
no exposed feed in the area. In rodent prevention, keeping feed covered during storage is
essential, as is cleaning away any feed waste after the feed is mixed and dispensed. The
number of rodents can also be controlled with traps and bait, but prevention by keeping the
area clean and well-maintained is more effective.

The number of human visitors to fur farms is relatively low, and most humans visiting farms
are employees or owners. In peak seasons such as the mating and pelting season, seasonal
workers may work for several farms at the same time. Fur farms do not have any other
external connections either like petting zoos.

In a Canadian survey, no farms (11 total) reported that their employees or visitors wash
their hands before entering the animal sheds or handling the animals, and only half the
farms (45.5%, 5/11 farms) reported that their employees washed their hands after handling
the animals (Compo et al., 2017). In Finland, owners and employees have been instructed
to ensure good hand hygiene and to use face masks due to the coronavirus risk. Farm
employees should also use protective clothing provided by the farm and work shoes. In
practice, facilities available for handwashing on farms are often lacking (Finnish Food
Authority, Risk Assessment Unit, 2020).

Whenever new animals are intfroduced, a separate space should be available for quarantine
purposes. The air in the quarantine areas should be prevented from mixing with the air in
the spaces where other animals are kept, and employees must be able to wash their hands
inside the quarantine area. The quarantine area should also have separate work equipment.
The order of work should also be planned to progress from tasks involving the pre-existing
animals to tasks involving the quarantined animals to ensure that no pathogens carried by
the quarantined animals can spread to the other animals. If animals are imported, it should
be verified with health inspections that they are free from infectious diseases. Current import
requirements are relatively lax.
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In recent years, many fur farms have ceased production. When a fur farm ceases, the
breeding animals can be sold to other fur farms, sometimes in quantities that are unusually
large. The receiving farm must ensure that it has sufficient space to quarantine the new
animals, and that the spaces reserved for quarantine purposes are appropriate for such a
use.

In addition to humans, feed is a significant route of transmission. Raw materials of fur animal
feed must be treated in a manner that ensures to a sufficient degree that all pathogens are
destroyed. However, no method can completely eradicate all pathogens, and good hygiene
during storage is very important for ensuring the feed is safe. Feed can be contaminated after
it is produced, both in the production facility and on the fur farm when the feed is mixed and
stored. Systemic prevention of pests, rodents and birds is an integral part of fur farm feed
hygiene and requires that feed that falls to the ground is regularly cleaned away, and that the
feed is stored in a place where pests cannot enter, for example.

Fur animal feed can attract cats and dogs, especially if the feed is insufficiently covered
during storage. Pets should be kept out of fur farms to prevent the spread of zoonotic
pathogens.

Based on expert interviews conducted in 2020, the level of biosecurity on farms varied, and
the level of internal biosecurity was particularly low (Finnish Food Authority, Risk Assessment
Unit, 2020). Farmers committed to abiding by the biosecurity measures determined for the
2021-2022 period (Turkistuottajan sitoumus ja siitoseldinmadrailmoitus, 2023 [Fur farmer’s
commitment and declaration of the number of breeding animals]), which allowed the
number of samples collected in connection with SARS-CoV-2 control to be reduced.

30



Finnish Food Authority Research Reports 4/2023 | Zoonoses on fur farms - risk profile

7 Summary of risks

Table 3 below has a summary of the pathogens discussed in this risk profile. The likelihood
of zoonotic spillover to fur animals and from fur animals to humans is given on a word-
based scale in accordance with the definitions in Table 4. Likelihoods of different routes of
transmission have not been estimated.

Table 3. Risk of exposure to zoonotic pathogens of fur animals for humans on fur farms.

Likelihood of Likelihood of Severity to
fur animal spillover from humans

infections animals to
humans

SARS-CoV-2 Likely Likely Mild-severe Spillover between
species is associated
with an increased risk
of virus mutation.

Influenza viruses Possible Possible Mild-severe Spillover between
species is associated
with an increased risk
of virus mutation.

Salmonella Likely Possible Moderate Severe secondary
diseases possible.
Campylobacter Likely Possible Mild Severe secondary
diseases possible.
Antibiotic resistance | Likely Possible Mild- Increasing threat.
moderate
Cryptosporidium Possible Possible Mild- Entry to irrigation
moderate water could cause an

extensive epidemic.

Table 4. Definitions used in the likelihood and consequence assessments.

Likelihood Severity

Unlikely The event will only occur in Negligible No significant danger to
extraordinary circumstances. health.
Mostly possible only in theory.
Possible The event could occur or has Mild Single cases with mild
already occurred. symptoms.
Likely The event occurs often, or there are | Moderate Severe symptoms or
frequent close calls. several outbreaks.
Severe Severe chronic harm to
health, extensive epidemic,
or death.
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8 Conclusions

Finland is currently one of the largest fur production countries in Europe, but fur animals

or samples from them are rarely tested for zoonotic pathogens. Very little data therefore
exist on the prevalence of fur animal pathogens in Finland. Fur animals can serve as hosts of
zoonotic pathogens and enable the pathogens to reproduce and viruses to mutate possibly
into more threatening variants.

There are no fur animal diseases whose prevention is regulated by legislation or any conftrol
plans associated with them, except for the national TME and SARS-CoV-2 monitoring. SARS-
CoV-2 monitoring will change at the start of April 2023. Very few samples from fur animals
are sent to the Finnish Food Authority that are not related to monitoring, which is why
no conclusions on the prevalence of diseases on fur farms can be drawn. If the infrequent
sampling related to the investigation of the cause of a disease is only targeted at animals
showing symptoms, asymptomatic diseases are not found at all, or they are found with an
extensive delay.

The high animal density on fur farms also provides optimal conditions for pathogens to
reproduce and spread. Farmed mink are especially susceptible to viruses carried by humans
and other animals. For example, influenza viruses carried by mink can mutate into variants
that are transmitted to humans and other mammals more easily and can spread between
them. The influenza situation has become increasingly severe in the last two years, which
has also increased the risk of infection on fur farms. During the coronavirus pandemic, SARS-
CoV-2 caused extensive epidemics on mink farms in several countries, and in Finland too, the
risk of infection is still high for mink, as is the risk of spillover from mink to humans.

Salmonella caused a large epidemic on Finnish fur farms in 2021, and several Salmonella
epidemics have also been found in other countries. In Finland, samples from fur animal

feed test positive for Salmonella nearly every year. Campylobacter is found in fur animails.
Inappropriately treated poultry-based raw ingredients have been suspected to be the origin
of the Campylobacter infections. Antibiotic-resistant strains have also been found in the
Campylobacter bacteria isolated from fur animals. The significance of the feed chain in the
spread of Salmonella and Campylobacter should be investigated. Both Salmonella and
Campylobacter can infect humans and cause a gastrointestinal infection. Humans can
also spread them outside fur farms to other humans or livestock farms, for example.

Antibiotic resistance has been found in bacteria samples collected from fur animals. No
MRSA strains have been isolated from fur animals in Finland, and an ESBL-positive strain has
only been found once. However, the number of samples tested is relatively low. In Denmark,
animal by-products from meat production used to produce feed for mink are considered to
be the source of the MRSA commonly found in mink. MRSA is also found in Finnish pork, which
means that the use of pork production by-products can also expose fur animals to MRSA
here. Potential MRSA in fur animals is a risk to fur farm employees and people close to
them.



Finnish Food Authority Research Reports 4/2023 | Zoonoses on fur farms - risk profile

As carnivores, fur animals can consume a variety of livestock by-products. However, these
can contain harmful microbes, and they provide a good growth medium for bacteria. If feed
raw material treatment is not controlled, and post-process contamination happens,

the risk of harmful microbes infecting fur animals increases. Contaminated feed quickly
spreads to several farms where the feed is not necessarily heated again before it is given to
the animals. Poor hygiene at feed production and storage facilities increases the risk of post-
process contamination.

The most significant sources of fur animal pathogens are humans visiting the farm, feed
and pests. Pets allowed to enter the farm can also bring in pathogens. They can also be
infected by pathogens on the farms. Pathogens can be controlled with biosecurity measures
such as washing hands and work clothes and preventing direct and indirect contact between
groups of animals. Nevertheless, biosecurity and its practices on farms have not been studied.

Manure is often exposed to weather and is accessible to any pets or pests roaming around
the farms. Not all manure produced on fur farms is composted, which means pathogens can
spread through inappropriately processed or unprocessed manure into the environment.

Several zoonotic pathogens have been found in fur animals. From the fur animals, the
zoonotic pathogens can be transmitted to the humans working on or visiting fur farms, to
other animals or to the environment. There is little information about the disease situation
on Finnish fur farms due to a lack of monitoring and research. These must be increased.
Fur animal populations may insidiously become the source of the next pandemic through
a mutated influenza virus, for example.
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9 Recommendations

We recommend the following measures for mitigating the risk of zoonotic spillover:

® Fur farms must have effective biosecurity measures that protect animals and humans on
farms.

® Employees must be provided with training in the practices and principles of biosecurity.
The training must highlight the importance of personal protection, and this must be
enabled for the employees.

® The prevalence of zoonotic pathogens on fur farms must be monitored with systematic
laboratory studies.

® Epidemics on fur farms must be investigated in collaboration with the authorities,
especially when a zoonotic pathogen is involved.

® Systematic records must be kept and are required of any symptoms observed on fur farms
and of animal mortality and feed consumption, and these must be reviewed regularly to
ensure that any changes in the situation are identified and can be reacted to.

® Feed safety must be ensured in terms of zoonotic pathogens and bacteria with antibiotic-
resistant genes.

® Feed must be stored and processed to prevent confamination throughout the feed chain.
® Manure hygiene must be ensured (e.g. by composting) before it is spread on fields.

® Attention should be paid to study the pathogens and antibiotic resistance tfransmitted
through fur animal manure and urine.

® Extensive import requirements must be established for import animals either through
legislation or with agreements within the industry.
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