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Introduction. Pet and farm animals have accompanied humans for thousands of years. Dogs are believed to be the first  
domesticated pets, accompanying humans since 12,000–15,000 years ago (Davis and Valla, 1978; Perri, 2016). Following human 
settlement, the domestication of goats, sheep, and pigs followed (Larson, 2014). 

In 2016, a GfK global study on pet ownership (http://www.gfk.com/global-studies/global-studies-pet-ownership/), which  
interviewed more than 27,000 consumers (aged 15 years and older) in 22 countries online, showed that over 50% of people  
worldwide have at least one pet. Dogs are the most common pets (33%), followed by cats (23%). In 2015, the livestock population 
statistics of the European Union (28 member states) recorded 89.2 million bovines, 148.7 million pigs, 85.5 million sheep, and 12.5 million 
goats (http://ec.europa.eu/eurostat/statistics-explained/index.php/File:Livestock_population,_2015_(million_head)_T1.png#filelinks).  
The coevolution and coexistence of humans and animals is accompanied by both risks and benefits. As 75% of emerging human  
infectious diseases are zoonotically transmitted directly or are vector-borne, zoonoses are seen as a major human health risk. Over  
the last decades, zoonotic infections have increased due to the increase of the human population worldwide, the effects of globalization, 
world trade, and intensified agribusiness. 

Rudolf Virchow (fig. 1 A; 1821–1902) first noted the link between diseases of humans and animals and coined the term “zoonosis”  
while investigating the life cycle of Trichinella spiralis in swine and its zoonotic consequences (Schultz, 2008). Theobald Smith  
(fig. 1 B; 1859–1934; Dolman and Wolfe, 2003) and Karl-Friedrich Meyer (fig. 1 C; 1884–1974) were two of the other important  
forefathers of the «One health—one medicine» movement (Pospischil, 2015). Later, this led to the establishment of the One Health 
Initiative, a movement to forge collaborations primarily between human and veterinary medicine. This concept for a worldwide  
strategy should include interdisciplinary collaboration and communication in all aspects of health care for humans, animals, and the 
environment. The synergy achieved will advance health care for the 21st century and beyond by accelerating biomedical research 
discoveries, enhancing public health efficacy, expeditiously expanding the scientific knowledge base, and improving medical education 
and clinical care. When properly implemented, it will help protect and save untold millions of lives in present and future generations  
(http://www.onehealthinitiative.com/about.php). The term «One health—one medicine» was originally coined by Calvin Schwabe  
(*1927–, fig. 1; Dolman and Wolfe, 2003; Kaplan and Echols, 2009).

Evaluation of risks. The evaluation of risks is mainly focused on infectious diseases transmitted directly or indirectly from pet  
or farm animals to humans.

Examples of zoonotic diseases transmitted from pet animals to humans.
Rabies. Rabies is probably by far the most dangerous threat in table 1. Most of the 59,000 deaths caused yearly by rabies  

occur in Asia and Africa. The virus is transmitted in 99% of cases by rabid dogs (Hampson et al., 2015). Traditionally, rabies diagnosis  
in animals was based on the detection of intracytoplasmic Negri bodies in the neuronal cells (fig. 2 A). Later, antigens in tissue sections 
could be labeled using immunohistochemistry (fig. 2 B). The gold standard for diagnosis remains direct fluorescent antibody (DFA)  
staining of tissue sections (https://www.cdc.gov/rabies/diagnosis/accuracy.html).

Echinococcosis. Human echinococcosis is a parasitic disease caused by tapeworms of the genus Echinococcus. The two 
most important forms of the disease in humans are cystic echinococcosis (hydatidosis) and alveolar echinococcosis. Humans are 
infected through the ingestion of parasite eggs in contaminated food, water, or soil, or through direct contact with animal hosts (table 1;  
http://www.who.int/mediacentre/factsheets/fs377/en/). Carnivores act as definitive hosts and rarely as intermediate hosts for the parasite, 
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and host the mature tapeworm in their intestines. They are infected through the consumption of viscera of intermediate hosts that harbor  
the parasite (fig. 3 A–C). In human patients, cysts can be detected with ultrasound, X-ray, computed tomography, or other imaging 
techniques. Anti-echinococcus antibodies can be detected with serodiagnostic tests, e.g., indirect fluorescent antibody, complement 
fixation, ELISA, western blotting, and the like (Wenbao et al., 2012).

Figure 1. A: Rudolf Virchow (1821-1902), B: Theobald Smith (1859-1934), C: Karl-Friedrich Meyer (1884-1974), D: Calvin  
Schwabe (1927-)

Figure 2. A: Negri bodies characteristic for rabies in a neuronal cell, B: Imunohistochemical demonstration of rabies virus antigen  
in a neuronal cell

Figure 3: A: Cystic echinoccocosis, dog, liver, B: Echinococcus: tapeworm-like proglottides in the small intestine, dog,  
C: Echinococcus: tapeworm-like proglottides inembedded in the small intestinal mucosa, no signs of direct contact to enterocytes  
no signs of inflammation

Toxoplasmosis. Toxoplasmosis (Toxoplasma gondii) usually does not cause lesions in the majority of human patients. The parasite  
is found worldwide; data from the United States indicate that more than 60 million people may be infected with it.
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However, immunodeficient patients develop severe symptoms such as seizures and poor coordination (fig. 4 A, B). If an infection 
occurs during pregnancy, congenital toxoplasmosis may affect the child. Tachyzoites develop in feline large intestinal enterocytes  
and are shed in the feces (fig 5 A, B). Recently, a negative association of Toxoplasma seropositivity with multiple sclerosis was reported 
(Stascheit et al., 2015).

Figure 4. A: Human immunodeficient patient, 1.2cm single necrotic lesion, cortico-subcortial region, frontal lobe.,  
B: Immunohistochemical labeling of Toxoplasma antigen in the CNS

Figure 5. A: Intestine, feline, enterocytes containing toxoplasma, PAS stain, B: Intestine, feline, enterocytes containing  
toxoplasma, electron microscopy

Table 1 – Examples of infectious diseases transmitted by pet animals (e.g., dogs and cats) to humans
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Examples of zoonotic diseases transmitted from farm animals to humans.
Anthrax. Anthrax is an infection caused by the bacterium Bacillus anthracis. It can occur in four forms: skin (95% of cases;  

fig. 6 A), inhalation, intestinal, and injection. Risk factors include people who work with animals or animal products, travelers, postal 
workers, and military personnel. Globally, at least 2,000 cases occur a year (https://www.cdc.gov/anthrax/basics/index.html).  
Different methods can be applied for diagnosing clinical cases; specimens may be Gram-stained. Bacillus anthracis grows in long  
chains that stain gram-positive (fig. 6 A, B). Polymerase chain reactionвЂ“based assays and immunofluorescence microscopy may  
be used to confirm the organism.

Figure 6. A: Anthrax, human skin, B: Bacillus anthracis rods, bovine blood smear Giemsa stained

Brucellosis. Domestic or wild animals are the major source of human Brucella infections. The routes of infection are multiple: 
foodborne, occupational, or recreational, and even bioterrorism. Brucella melitensis is the most important zoonotic agent, followed  
by Brucella abortus and Brucella suis. The control of bovine brucellosis (due to Brucella abortus) has been more successful than  
the control of sheep and goat brucellosis (due to Brucella melitensis). The occurrence of brucellosis is directly linked to the status  
of animal brucellosis in a region (Godfroid et al., 2005). The diagnosis of brucellosis in humans relies on the serologic demonstration  
of antibodies against the agent or histologic evidence of granulomatous hepatitis on hepatic biopsy. In animals, many cases are detected 
in post-mortem samples (fig. 7 A, B). The World Health Organization classifies brucellosis as one of the neglected endemic zoonoses  
that contributes to the perpetuation of poverty in developing countries. Due to regular control measures for brucellosis in developed 
countries, the number of cases was reduced dramatically.

Figure 7. A: Granulomatous periorchitis in an infected bull, B: Chronic epididymitis in a bull indicative for brucellosis

Chlamydiosis. Chlamydiae cause several diseases, some of which, such as psittacosis and enzootic abortion of ewes, are of public 
health interest and others of economic importance in farm animals. They induce clinical ocular, pulmonary, genital, articular, and intestinal 
diseases, but very often manifest as persistent, chronic, or subclinical infections that are difficult to diagnose and treat. Chlamydiaceae  
are involved in human miscarriages abortions (Pospischil et al., 2002; Baud et al., 2011; 2014).

Chlamydial strains are usually host-related; however, improved diagnostic techniques are increasingly identifying infections  
of other animal species with a given strain. This is causing concern about the zoonotic potential of human chlamydial strains in animals,  
and vice versa. Psittacosis is a chlamydial disease that affects a wide range of bird species. It is transmissible from birds to humans.  
As the human disease is usually associated with parrots (including parakeets or budgerigars), physicians often refer to the infection  
as “parrot fever.” Several diagnostic procedures using morphologic and molecular technologies have been described (Borel et al., 2014).
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Table 2 – Examples of infectious diseases transmitted from farm animals to humans

Tuberculosis. The majority of human tuberculosis (TB) cases are caused by Mycobacterium tuberculosis. M. bovis is another 
Mycobacterium that can cause TB in humans. M. bovis is most commonly found in cattle and other animals such as bison, elk, and deer. 
Humans are most commonly infected with M. bovis by eating or drinking contaminated unpasteurized dairy products. Two tests are used to 
detect TB bacteria in the body: the TB skin test (TST) and TB blood tests (https://www.cdc.gov/tb/publications/factsheets/general/mbovis.
htm). In most developed countries, animals with a positive skin test usually are culled. Macroscopic post-mortem findings in animals are 
pathognomonic (fig. 8 A). Mycobacteria are diagnosed in specially stained histopathologic sections (fig. 8 B, C).

Figure 8. Bovine tuberculosis: A: granulomatous pleuritis, B: histopathology (HE), C: Acid fast bacilli (ZN stain)

Evaluation of benefits. An increasing number of studies have reported on the many benefits of sharing one’s life with a pet 
(Mestel, 2017).

Bonding, exercise, and companionship. Direct eye contact between humans and dogs increased oxytocin levels, promoting 
relaxation and trust in dogs and their owners (Nagasawa et al., 2015). Dog owners were more likely to go for a walk in their free  
time compared to non-dog owners (Reeves et al., 2011). Male and female pet owners aged 60 years or over were less likely to report 
loneliness (Stanley et al., 2014).

Comparative oncology. Spontaneous canine and feline tumor cases can serve as models for analogous human cancer cases.  
In developed countries, the level of veterinary health care for pet animals such as dogs and cats is almost similar to that of human  
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health care with respect to diagnostic procedures, surgical techniques, and the use of therapeutic approaches and applied  
substances (Pospischil et al., 2016).

Facts in favor of using a canine and/or feline model of cancer (MacEwen, 1990):
• Like humans, dogs/cats are outbred species;
• Dogs share major ancestral gene sequences with humans (Rowell et al., 2011);
• Canine breeds show phenotypic diversity but a high level of inbreeding is associated with a predisposition to a distinct set  

of diseases, including tumors (Rowell et al., 2011; Pedersen et al., 2012; Mellanby, 2013);
• Dogs/cats share the human environment closely;
• During their much shorter lifespans, dogs/cats can develop tumors, many of them closely related to those in humans (Tamburini 

et al., 2009);
• Canine/feline cancers progress more rapidly compared to human tumors;
• The number of pet dogs and cats receiving a high level of veterinary care is increasing (Herberman, 1989);
• Dogs/cats respond similarly to most treatment regimens as humans.

There are several means of using dogs/cats with cancer as models for human patients:
• As possible epidemiological models (e.g., to compare geographic distribution, i.e., disease clusters) of cancer in dogs/cats  

and humans (Pospischil et al., 2008; Dorn and Schneider, 1972; Dorn, 1967; Sasco, 1993; Walter and Schwegler, 1992;  
Grüntzig et al., 2015, 2016; Graf et al., 2015, 2016; Boo et al., 2017);

• The dog as a possible model for tumor pathogenesis (e.g., with respect to genetic, proteomic, and molecular comparison  
of cancer in humans (O’Brien et al., 2000);

• The dog as a possible therapeutic model (e.g., to demonstrate the anti-tumor drug efficacy in a relevant in vivo situation  
(Marcanato et al., 2013; Pinho et al., 2012).

A direct comparison of tumor incidences in humans and dogs in a defined geographic catchment area and during a similar temporal 
frame had been attempted in Michigan, USA, using data from 1964вЂ“1994. The results of that study showed a similar spatial distribution  
for human and animal tumors. It appears, however, that the influence of geographic/geologic factors on tumorigenesis was more  
pronounced in dogs than in humans (OвЂ™Brien et al., 2000). No temporal clusters were observed. Pet animals such as cats and dogs 
are the closest human companions, sharing human environmental conditions and sometimes food. Cats and dogs with spontaneous 
cancer could be ideal comparative models of cancer, as they are outbred species like humans; many of their genes are directly  
comparable to human genes, and spontaneous cancer in dogs/cats progresses more rapidly compared to humans. However, their relative 
lifespan is shorter compared to humans, although they respond similarly to most treatment regimens used in humans. As recent, detailed, 
extensive comparative human-animal studies in defined geographic regions are not available, the current value of canine and feline  
models cannot be evaluated conclusively.

Figure 9. Companion animals in the drug development process

Outlook. For a broader and more general application of such models, the following requirements are necessary:
1. Population-based cancer registries (Pospischil et al., 2016; Grüntzig et al., 2015, 2016; Graf et al., 2015, 2016);
2. Comparative investigation of cancer registry data from different species (Pospischil et al., 2016; Grüntzig et al., 2015, 2016;  

Graf et al., 2015, 2016);
3. Comparative (human/feline/canine) geographic and environmental risk assessment for tumor incidences (Boo et al., 2017);
4. Tissue banks/biobanks for tumor samples.
Comparative testing of genetic/proteomic tumor markers.
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The improvement of oncological clinical trials is due to the contribution to the drug development process by companion animals  
with naturally occurring cancer. Clinical trials in animals are not constrained by traditional Phase I, Phase II, and Phase III trial designs  
(fig. 9). This allows novel agents to be offered to companion animals before conventional therapies are administered or during the period 
of minimal residual disease, as opposed to human clinical trials, where patients enrolled often have advanced, treatment-resistant  
disease (Khanna et al., 2009). Another major advantage is the significantly shorter lifespan of companion animals, allowing more  
rapid collection of survival data. The disease-free interval in dogs treated for cancer is 18 months, whereas over 7 years are needed  
to assess treatment outcomes in humans (MacEwen, 1990; Paoloni and Khanna, 2008).

Dogs with naturally occurring tumors have contributed successfully to clinical trials: Kurzman and colleagues (Kurzman et al., 1995) 
demonstrated the anti-tumor activity of the immune stimulator liposomal muramyl tripeptide phosphatidylethanolamine (L-MTP-PE)  
in dogs with osteosarcoma. Re-evaluation of the mature human data from these studies found remarkably similar results to the earlier 
canine studies, which eventually led to approval of L-MPT-PE (MEPACT) for osteosarcoma in children in Europe (Kleinerman, 1995; 
Kleinerman et al., 1995; Meyers et al., 2005).

In the United States, 20 academic comparative oncology centers have formed the Comparative Oncology Trials Consortium  
(COTC) to provide the infrastructure and resources needed to integrate clinical trials on pets with naturally occurring cancers into  
the development pathways for new drugs, devices, and imaging techniques for human cancers (Gordon et al., 2009). However, the 
cancer research community has not yet succeeded in communicating the value of companion animals in clinical trials, and their useful  
integration into these trials remains a challenge.
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