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ABSTRACT - Keeping and feeding of companion carnivores (dogs and cats) appear to be a simple activ-
ity for a shallow observer. By a multidimensional approach, all three domains of health can be analysed
in the course of pet-feeding. The interest of animal health requires healthy, nutritious, and non-infec-
tious pet food. At the same time, public health necessitates safety for pet owners and their families. By
going much deeper, the environmental impacts of pets and pet foods can be identified. This review
gathers the animal and human health and environmental aspects of domestic carnivore feeding. Based
on the literature, it can be claimed that for the present, few data are available to determine the right
way of feeding to reach the balance between all three domains of health.
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INTRODUCTION

Pets are our best companions or even best friends with a deep relationship
between the animal and its owner. This human-animal bond can help people
get through stressful situations. Companion animals, especially dogs, and cats
make the family warmer, provide company for lonely people, support family
members after social conflicts, especially children at school (Martens et al,
2019; Wells, 2009). We are closely connected to our pets not only through emo-
tions but also through the health. Pet-keepers are responsible for the health
and well-being of both their pets and their family members (Morelli et al., 2019;
Morgan etal, 2017).

Human, animal, and environmental health are closely related. Because
many diseases can spread rapidly throughout different ecosystems, it is very
important to have sufficient knowledge about the factors that accelerate health
risk. The Centers for Disease Control and Prevention (CDC) indicates that 6 out
of every ten known infectious diseases in humans are derived from animals.
Thousands of cases recorded yearly are attributed to the interactions with an-
imals all around the world. Many people interact with animals daily, whether
for production purposes, companions, or wild animals (CDC, 2019; Belay et al,
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2017). These animals can carry serious microorganisms which can cause se-
vere illnesses, and in some cases, death. This type of harmful microorganisms
islabelled as zoonotic diseases. Young children, the elderly, and infants, or oth-
ers with a weak immune system, can be susceptible to zoonotic diseases (Mo-
relliet al, 2019). The dangers of zoonotic diseases need collaborative and mul-
tisectoral efforts to encounter. According to the database of the World Health
Organization, 7.8 trillion US$ was spent on global health in 2017 (WHO, 2019).

While the main requirements imposed on pet foods are to be healthy, nu-
tritious, non-infectious, and environmentally friendly (Davies et al.,, 2019; Mar-
tens et al,, 2019; Schlesinger et al.,, 2011; Verbrugghe et al.,, 2019), it is very dif-
ficult to keep the balance between those three domains. Because these pets
need high protein and energy content in their diet, which can be provided most
appropriately by feeds of animal origin thus consequently increases the carbon
dioxide emission, therefore the Ecological Paw Print (EPP) of pet-keeping
(Martens et al, 2019).

The recognition led to the One Health approach, which is described by the
Food and Agriculture Organization of the United Nations as "a holistic vision
to address the complex challenges that threaten human and animal health,
food security, and the environments where diseases flourish" (FAO, 2011). For
this reason, a wide range of experts (e.g. public health professionals, veterinar-
ians, plant healthcare professionals, environmental activists) are collaborating
interdependently to provide safety and health of humans, animals, and the nat-
ural environment. This multidisciplinary approach is especially suitable to an-
alyse the health issues of pet-keeping where the human-animal relation is
close, and the disease transmission in both directions is possible.

This multidisciplinary approach is suitable to analyse the interdependence
of human and animal health and environmental aspects of pet-keeping. This
review attempted to show: a) the responsibility of humans to provide the wel-
fare and health of their pets and; b) how One Health approach can help this
effort.

ANIMAL HEALTH AND WELFARE ASPECTS

By feeding domestic carnivores, the aim is to assure fulfilment of the nutri-
tional demands and welfare of the animal. The requirements for certain nutri-
ents are permanently changing by age, species, gender, and physiological sta-
tus. Studies have been carried to determine the basic requirements for protein,
energy, Ca/P ratio, certain vitamins and microelements (Vester et al, 2010;
Beynen, 2015). Physical activity, pregnancy, lactation and extensive growth
also need a sort of quality nutrients (Beynen, 2015; Morelli et al, 2019). To meet
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all the demands mentioned above, the preparation of an appropriate diet
needs specific knowledge. However, in recent days, there has been a popular
trend of using Raw Meat Based Diet (RMBD) or in other terms, Biologically Ap-
propriate Raw Food (BARF) in companion animals' feeding. This type of diet is
mainly composed of uncooked ingredients derived from animals and can be
prepared by the owner or purchased as a frozen meal from commercial sup-
pliers (Freeman et al., 2013; Fredriksson-Ahomaa et al,, 2017).

Most of the pet-owners who provide RMBD have the conviction that raw
food is natural and safer than industrial feeds (Morgan et al, 2017; Morelli et
al, 2019). Popular websites and so-called experts claim that raw-fed dogs are
healthier because they eat their ancestors' natural and additive-free food
(Beynen, 2015). Peer-reviewed studies confirmed some considerable ad-
vantages of raw-feeding. By RMBD, a better digestibility can be achieved due
to the presence of digestive enzymes, which could be degraded during cooking
(Johnson, 2001; Algya et al,, 2018). Dogs fed RMBD have more diverse and con-
sequently stable and complex enteric microbiota (Davies et al, 2019; Sandri et
al, 2016; Schmidt et al, 2018). Kim et al. (2017) reported a greater faecal bac-
terial diversity when dogs were fed RMBD compared to conventional diets.
Glasgow etal. (2002) also reported an improved faecal quality in cats fed RMBD
compared to the conventional diet-fed counterpart; however, growth was not
improved when RMBD were fed. Better muscle and dental development can be
achieved with RMBD (Stogdale et al,, 2003). If bones are present in RMBD as a
calcium source, then chewing will make teeth cleaner, although tooth fracture
or other gastroenteric injuries may rarely occur (Davies et al, 2019; Morelli et
al, 2019). One article pointed out many positive effects for raw feeding such as
better hair coat, fewer faeces, less odour, higher activity, better mood, better
palatability, satiety improvement, desired weight loss, and desired weight gain
(Hielm-Bjorkman et al, 2019). However, there were many limitations to this
study. These observations were based on the unformal owner feedback where
all data are extracted from online submitted reports and not any specialised
veterinarian verify the animal's conditions.

On the other hand, many pieces of research have indicated that the disad-
vantages of this practice far exceed the advantages. The RMBD can harbour
harmful bacterial species, such as Campylobacter spp., Salmonella spp., staph-
ylococci, Clostridium perfringens, Brucella suis, Listeria monocytogenes, Myco-
bacterium bovis, Sarcocystis spp., and Toxoplasma gondii (McKenzie et al, 2010;
Schlesinger and Joffe, 2011; Freeman et al, 2013; Goh, 2016; Fredriksson-Aho-
maa et al, 2017; Davies, 2018; van Bree et al, 2018; Loeb, 2019; Morelli et al,
2019). Besides, viral species may be present such as the canine H3N8 influenza
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(Gibbs and Anderson, 2010). These can be harmful to domestic carnivores, es-
pecially at young and senior ages, or under stress, like race dogs. (Morelli et al,
2019; Verbrugghe et al,, 2017). Therefore, it presents a source of infection to
the animal due to uncomplete destruction of pathogens during the preparation
of the RMBD or contamination during the processing or storage (Chengappa et
al, 1993; Schlesinger etal, 2011; Davies, 2018; van Bree et al,, 2018; Clark, 2019;
Jones et al, 2019). Although domestic carnivores have shorter gastrointestinal
tracts with very acidic stomach content compared to humans (Michel and Free-
man, 2005), there is no evidence that these differences can significantly protect
those animals from being infected with pathogens (Dressman, 1986).

In slaughterhouse offals, some types of parasites, such as tapeworms, pro-
tozoans, can be found, which are considered as health risk rather for owners
than pets because in many cases like the infection with Sarcocystis species,
dogs and cats serve as the definitive host for these parasites. However, in some
cases like the infection with S. bovihominis and S. suihominis, humans can serve
as the definitive host (van Bree et al, 2018).

Using RMBD in companion animals' diets presents a considerable risk for
animal health even in the absence of pathogens because some offals can cause
nutritional imbalances. Excessive amounts of vitamin A in the body could be
toxic and causes hypervitaminosis A. This condition could become acute or
chronic and occurs when pork liver is overused in the diet. This problem not
an extremely rare health disorder of cats, as they can get used to a certain type
of food easily. Fortunately, the animals can recover when the diet is restored
to commercially canned food (Polizopoulou et al., 2005). However, recently the
regulation (EU) No 2016/429 forbids to give any pork meat to carnivore pets
(More etal, 2017; Lazi¢ et al, 2017).

Additionally, in certain physiological conditions, the stored body-fat be-
comes inflamed, which is called pansteatitis. Generally, it emerges as a conse-
quence of imbalanced nutrition with high levels of unsaturated fatty acids and
the insufficient intake of vitamin E. It frequently appears as a result of a fish-
based diet (Beynen, 2017), when the diet is insufficient in calcium, and it con-
tains an excessive amount of dietary phosphorus, nutritional osteodystrophy
is observed. This condition results in hyperparathyroidism, reduced kidney
ability, and thinning bones. It was recorded when feeding dogs, bones and raw
food (Delay et al, 2002, Schlesinger and Joffe, 2011). Also, this condition was
reported when dogs were fed 80% rice with 20% raw meat (Kawaguchi et al,
1993). A very popular raw feed in the USA is calf gullet, which can be contami-
nated with a considerable amount of thyroid gland tissue. When this type of
feed provides animals for a long time, dietary hyperthyroidism with increased
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plasma thyroxine concentration can be detected (Kéhler et al, 2012; Schle-
singer and Joffe, 2011; Verbrugghe et al., 2017).

HUMAN HEALTH AND WELL-BEING

Many owners treat their pets as if it is a member of the family, and sometimes
the pet's diet is as much as important and sometimes more important than
what the owners eat themselves (Freeman et al, 2013). Therefore, owners look
to provide the best for their pets. The main motivation behind using RMBD is
that it is the diet that non-domesticated ancestors of dogs and cats ate before
evolving into domesticated animals (Billinghurst, 1993; Schultze, 1998). Alt-
hough the natural diet of cats has remained prey dependent, as they retained
the obligate carnivore properties of their ancestors, they can also digest and
metabolise a large array of plant-derived nutrients (De-Oliveira et al, 2008).
Dogs, on the other hand, have gone through immense adaptation and became
omnivores; thus, they are very different from their ancestors (Meyer et al,
1999; Axelsson et al. 2013).

Planning the diet, collecting its ingredients and the preparation of food;
supports the owner to feel caring for the animal, which strengthens the hu-
man-animal bond from the viewpoint of the owner (Wells, 2007). Because this
caring activity of diet preparation is very important to humans and the major-
ity of owners formulate the RMBD by themselves according to other people's
suggestions, nutritional websites and books, or without following any guide-
lines atall; and very few turn to the professional advice; thus, mosthome-made
diets are imbalanced nutritionally due to the lack of knowledge of specific nu-
tritional requirements and the great individual variation (Larsen et al, 2012;
Heinze et al, 2012; Morgan et al, 2017; Morelli et al, 2019). For this reason,
after long-lasting feeding, these arbitrary formulated diets might cause nutri-
tional disorders, especially in young or senior animals (Larsen et al, 2012;
Heinze et al.,, 2012; Kolle & Schmidt, 2015; Morelli et al.,, 2019; Verbrugghe et al.,
2017). A study in the USA pointed out that home-made and commercial RMBD
was not nutritionally balanced in terms of Ca/P ratio, Vitamins A, E, and D and
these imbalances might cause negative consequences on animal health (Free-
man et al, 2001). Also, a study in Europe revealed that 60% of RMBD samples
had excessive or inadequate amounts of nutrients (Dillitzer et al, 2011).

For some people, food-processing for the pet is a relaxing, stress-relieving
activity completed with a nice feeling of caring. From this side, preparing food
for a pet can be an important part of the owners' well-being (Wells, 2007).
Moreover, being familiar with the nutritional requirements of a pet, and gath-
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ering scientific data on health and diets make the owners more health-con-
scious, and can adapt the knowledge on pet-care to his/her nutritional strategy
and lifestyle (Wells, 2007; 2009). However, home-made food is time-consum-
ing and speculative; therefore, results in less substantial leisure time being to-
gether with the pet.

It's clearly understood that raw food probably contains harmful pathogens
for humans and in some cases such as young, senior, and stressed animals; raw
food can also be harmful. It is also important to know that even with additional
hygiene during raw food preparation, the processing place and feeding con-
tainers can serve as a source of infection. A study points out that regular disin-
fecting methods are barely effective against Salmonella (Weese et al, 2006).
Salmonella serovars are pathogenic bacteria that can cause some serious gas-
trointestinal illnesses in humans. This disease can be transmitted through wa-
ter, food, animals, the environment, and person-to-person (Ford et al, 2016).
Therefore, this practice of home-made RMBD might induce a high risk for hu-
mans.

RMBD used in companion animals feeding increases the potential of pet as-
sociated salmonellosis, especially in young children (Finley et al, 2006, 2007;
Wright et al,, 2005). Joffe et al. (2002), indicates that 30% of stool samples from
raw chicken fed pets contained Salmonella serovars, contrary to pets on com-
mercial dry food diets. Also, 60% of commercial RMBD samples contained
Escherichia coli, while it was only present in 8% of the commercial cooked diet
(Strohmeyer et al, 2006; Freeman et al, 2001). Weese et al. (2005) found that
20% of RMBD samples were contaminated with Clostridium species. Lenz et al.
(2009) found that RMBD was contaminated with Campylobacter jejuni. Moreo-
ver, Toxoplasma gondii was also present in RMBD (Smielewska-Los et al., 2002;
Dubey et al, 2005; Lopes et al.,, 2008; Taylor et al.,, 2009). Consuming RMBD can
provide a considerable increase in the incidence of Toxoplasma gondii in cats,
which can be transmitted to humans (Opsteegh et al. 2012; Jokelainen et al.
2012)

A special issue of pet-food safety is the feeding of therapy dogs, which are
applied to support the physical or mental recovery of the most susceptible part
of the human population. Young children, elderly, chronically diseased persons
with an impaired immune system can be the possible patients of therapy ani-
mals (Wells, 2009). In this case, safe food, which is biologically safe and dedi-
cated not to induce pathogen shedding, should be the primary condition for
feeding of therapy animals. Despite this fundamental principle, most organisa-
tions of animal therapists do not prescribe special demands on the animals’
nutrition or prohibition of raw-feeding for carnivores (Serpell et al, 2020).
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ENVIRONMENTAL HEALTH

According to the Europe Pet Food Industry Federation (FEDIAF) and Vetnosis
data statistics, 223 million dogs and 220 million cats were registered all over
the world in 2014. This number is continuously increasing until this moment
because these pets play a significant role in humans' lives. The Ecological Foot-
print (EF) is a method used to estimate environmental sustainability. Specifi-
cally, it means how much can the natural resources support the demands of a
certain population (Wackernagel et al, 2019). The Ecological Paw Print (EPP)
is derived from the EF, and it estimates how much of the productive land is
used for the companion animals' food consumption (Martens et al, 2019). The
diet of these companion carnivores significantly affects the EPP (Vale et al,
2009; Swanson et al, 2013). This large impact of EPP is due to the high protein
requirements of companion carnivores, which can be provided by feedstuffs of
animal origin. Although plant protein-based diets would be more environmen-
tal-friendly, it cannot be a sole option for carnivorous animals (Martens et al,
2019). In the case of cats, which are as previously mentioned, they retained the
obligate carnivore properties of their ancestors. RMBD require more energy
and water to produce compared to conventional plant-based diets. The contri-
bution of these animals to the greenhouse gases (GHGs) is obvious (Pimentel
and Pimentel, 2003; Reijnders and Soret, 2003; Wirsenius et al, 2010; Okin,
2017). A study in Japan (Su and Martens, 2018) pointed out that companion
animals produce around 2.5 to 10.7 million tons of GHGs per year. Su et al.
(2018b) mentioned that food consumption by these companion carnivores' re-
sults in carbon emissions that is equal to 34-107 million people. Cats and dogs
consuming RMBD produce up to 80 million tons of CH4 and N20 (Okin, 2017).
Knowing that owners consider their pets as a family member or a close
friend, the general opinion is that a good owner provides the best for his/her
pet. Mostly, it means that these pets are overfed with an excessive amount of
nutrients (Hughes, 1995). In many cases, the ingredients used in pet feeding
are dedicated for human consumption (Fleeman and Owens, 2007). Their con-
sumption leads to obesity and an increment in the wastes of these animals. It,
therefore, will add to increasing the EPP of these animals and will be a barrier
toward achieving environmental sustainability (Swanson et al, 2013).
Companion carnivores faeces like dogs and cats contains high amounts of
nitrogen and phosphorous and can harbour a large population of bacteria and
pathogens, and this causes many environmental problems when used directly
as soil fertiliser (Okoroigwe et al,, 2014). Therefore, it requires processing be-
fore it can be used to fertilise the soil. Martinez-Sabater et al. (2019), men-
tioned the possibility of utilising biological processes such as composting and
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anaerobic digestion to add value to these wastes. However, these practices are
neglected, especially in urban areas (Okoroigwe et al., 2014). On the other hand,
companion carnivores can shed dangerous bacteria or parasites without any
sign of diseases (Fredriksson-Ahomaa et al.,, 2017; van Bree et al., 2018). These
pathogens are originated from pet foods meaning that the food-chain plays a
significant role as an indirect source of infection (Fredriksson-Ahomaa et al,
2017; Strohmeyer et al,, 2006). It means that faeces if not used properly, will
raise the amount of municipal waste disposed of in landfills; since contrary to
wolves and wild cats, the number of pets is extremely large. Therefore, the san-
itation and dilution effect of these carnivores cannot prevail in the urban eco-
system (Craft et al,, 2008; Martens et al.,, 2019).

Pathogens accumulation from companion carnivores faeces and urine im-
pacts not only the health of these animals, their owners, and the whole family,
but also, the whole ecosystem by increasing the bacterial load in the environ-
ment (Okin, 2017). A further problem with pathogens from pets, that those are
predominantly acquired from the food-chain. Since farm animals which are
used to produce the RMBD are very often treated with different types of anti-
microbials; therefore, Antimicrobial Resistance (AMR) is not a rare phenome-
non in bacteria originated from the food-chain. As cats and dogs get infected
with pathogenic bacteria during consuming RMBD, they will harbour re-
sistance genes in their enteric microbiota such as Salmonella and Multidrug-
resistant (MDR) Enterobacteriaceae (Niiesch-Inderbinen et al, 2019) and Esch-
erichia coli (STEC) 0157:H7 (Pereboom et al, 2018). These genes then will be
shed on the environment with faeces. As a result, resistance plasmids against
important antimicrobials (e.g. colistin, methicillin, cephalosporins, fluoroquin-
olones) can be detected in RMBD of farm animals' origin and in the faeces of
carnivores fed these diets (van Bree et al, 2018; Davies et al,, 2019; Niiesch-
Inderbinen et al.,, 2019).

CONCLUSION

Pet-keeping is a very complex health issue. They have a significant role in our
mental health, and we are responsible for their welfare. Notwithstanding, an-
alysing pet-keeping as a whole by a multidimensional approach, we can con-
clude that it is very hard to keep a carnivore pet while preserving the natural
balance throughout the ecosystem.

The two most important health-threatening factors caused by the feeding
strategy and especially when RMBD are used, are the spread of pathogens
throughout the environment which exposes the humans and the animals to the
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risk of infection with antimicrobial-resistant species of bacteria, and the addi-
tional accumulation of GHGs which consequently enlarges the Ecological Paw
Print (EPP).

[t can be claimed that an appropriate diet design should play a central role
in risk management. Other words, it is very important to always consider the
professional advice from a nutrition specialist or a veterinarian because if the
animal is fed close to its specific requirements, its health status will be nearly
ideal. It will achieve a balanced immunological state which will enable it to
fight against pathogens successfully. Therefore, the risk of pathogen spread
will very low or even negligible (Beynen, 2015; Sandri et al, 2016; Vester et al.,
2010).

Based on the peer-reviewed literature, the raw feeding of companion car-
nivores needs further research. The obvious advantages, such as better health
status, digestibility, behavioural patterns, and balanced microbiota, need fur-
ther research and cannot exceed the serious risks coming from this practice.
Moreover, it is essential to outline the basic rules for safe raw-feeding, because,
in the case of therapy animals, it is not recommended until its safety is con-
firmed without a doubt. For this reason, further investigations on the feeding
ecology of wild carnivores are needed to appreciate the natural conditions that
we would like to adapt to our pets. Moreover, a complete risk-benefit analysis
should claim the right to the existence of raw-feeding.

Finally, the human health hazards, nutritional risks in animals, and the tre-
mendous environmental impacts require caution when adapting any new
feeding strategy without a solid foundation and scientific background. Because
many infectious diseases can be opportunistic, and the novel emerging Covid-
19 is supposed to be a wakeup call for the close connection between humans,
animals, and the environment. Therefore, One Health meetings and confer-
ences could provide solutions and awareness since it is aimed toward estab-
lishing a better understanding of these connections, and developing better cri-
teria to encounter the damaging effects of diseases. The outcome will improve
the allocation of resources for disease management.

ABBREVIATIONS:

Raw Meat Based Diet (RMBD), Biologically Appropriate Raw Food, Ecological Paw Print (EPP), The Eco-
logical Footprint (EF), Antimicrobial Resistance (AMR), Multidrug-resistant (MDR), Food and Agricul-
ture Organization (FAO), Centers for Disease Control and Prevention (CDC), World Health Organization
(WHO), Dogs and Cats (Companion Carnivores), European Union (EU), European Pet Food Industry
Federation (FEDIAF), Greenhouse Gases (GHG)
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