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INTRODUCTION 

 

Wild carnivores are under the threat of habitat fragmentation, 

climate change and uncontrolled hunting. Infectious diseases are 

also considered a threat to wild animals. The increase in the 

human population and the consequent increase in domestic 

animals around natural habitats increases the risk of disease 

transmission between domestic and wild animals. Due to close 

phylogenetic relationship between wild and domesticated 

carnivores, some viral pathogens infecting domestic carnivores 

may infect wild carnivores, resulting in population decline. For 

example, transmission between wild and domestic carnivores, 

particularly rabies virus, canine parvovirus (CPV-2), canine 

distemper virus (CDV), feline leukemia virus (FeLV) and feline 

immunodeficiency virus (FIV) has been reported. Viral infections 

are of great importance to wild carnivores, as this contamination 

can become endemic in the wild carnivore population. 

 

Canine Distemper Virus 

 

Canine distemper virus (CDV) has appeared as an important 

wildlife sickness that is very contagious and easily transmitted 

among susceptible hosts. Originally described as a contagious 

disease of domestic dogs, it is now recognized as a global multi 

host pathogen with rapid transmission and causing mass 

mortality in a wide variety of carnivorous species (Loots et al. 

2017).  

CDV/ Canine Morbillivirus is a worldwide infectious disease of 

dogs. Also known as CDV or 'Canine Distemper Virus', it is a 

lethal viral infection that affects the digestive, respiratory, and 

central nervous system (CNS) and is especially seen in dogs 

and can be seen in other carnivores such as foxes and ferrets, 

and sea mammals (Beineke et al. 2009).  

CDV is located in the genus Morbillivirus of the family 

Paramyxoviridae, together with measles virus, dolphin 

morbillivirus, peste-des-petits-ruminants virus, rinderpest 

virus, porpoise morbillivirus, and phocine distemper virus. 

CDV is an enveloped, negative-strand virus. Single-stranded 

RNA virus contains six structural proteins: large (L), phospho 

(P), matrix (M), nucleocapsid (N), fusion (F) and hemagglutinin 

(H) protein. The H glycoprotein has a determining role in 

tropism and cytopathogenicity. Viral M protein binds to surface 

glycoproteins and nucleocapsid together during viral 

maturation (Loots et al. 2017; Rendon-Marin et al. 2019). 

CDV has a wide host range that includes many different species 

in the order Carnivora. In the natural host spectrum of CDV; 

there are members of the family Canidae (dog, fox, coyote, 

wolf, wild dogs), Mustelidae (mink, badger, weasel, skunk, 

marten, sable), and Procyonidae (raccoon, panda, bear). All 

breeds of foxes are susceptible to infection and the clinical 

manifestation develops (Rendon-Marin et al. 2019). Studies 

have reported CDV with high mortality rates in non-human 

primates (rhesus monkey / Macaca mulatta and cynomolgus 

macaques / Macaca fascicularis). Infections in these primates 

have raised several concerns regarding the potential zoonotic 

risk of CDV in humans (Qiu et al. 2011; Loots et al. 2017).  

As CDV quickly loses its infectious ability outside the host, the 

most important transmission route of infection is a close 

contact of sick animals having fever with other susceptible 

animals. CDV is easily transmitted by contact among 

susceptible hosts or through aerosolized with various body 

(oral, nasal, respiratory) fluids (Appel 1987; Loots et al. 2017).  

CDV, like other Morbilliviruses, is lymphotropic and 

epitheliotropic. Therefore, the most severe lesions caused by 

CDV infection, which is a multisystemic infection, are seen in 

organ systems rich in lymphoid and epithelial tissue. It takes 1-

2 days after the entry of agent into the body of host that the 

virus is transported to the bronchial, pharyngeal, and tonsillar 

lymph nodes via the lymphatic route. Primary replication of the 

virus takes place in respiratory lymph tissue cells 

(macrophages, T and B lymphocytes) (Kubo et al. 2007; Loots 

et al. 2017). 

Clinical manifestations reported due to CDV infection in wild 

carnivores are largely similar to those in domestic dogs. 

However, the severity and outcome of infection may vary 

between species. This is dependent on several factors such as 

virulence, host's age, and host immune status. If an animal 

develops a strong immune response, no clinical signs will occur, 

so an estimated 50-70% of CDV infections in domestic dogs are 

thought to be subclinical. Since CDV infection has a 

multisystemic nature, the clinical symptoms seen during the 

disease are varied. Clinical findings are especially related to 

respiratory, digestive, and central nervous systems. It also 

causes hyperkeratosis (hard pad) on the skin (on the tip of the 

nose and the surface pad), especially in domestic dogs 

(Baumgärtner 1993; Loots et al. 2017; Rendon-Marin et al. 

2019). 

In animals with minimal or no immune response, two clinical 

forms of CDV can be distinguished: the acute systemic form 

and the chronic nervous form. The acute systemic disease 

occurs 2-3 weeks after infection. The virus continues to 

multiply and spread throughout the body, causing severe 

clinical signs such as biphasic fever, mucopurulent oculonasal 

discharge,    cough,    dyspnea,    depression,    loss  of   appetite, 
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vomiting, and diarrhea (which may be bloody). At this stage of 

infection, the virus is present in every secretion and excretion 

of the body (Appel 1987; Williams 2001). 

Neurological symptoms may occur simultaneously or may 

occur following systemic disease. Symptoms vary according to 

the affected area of the brain but often include abnormal 

behavior, convulsions or seizures, gum-chewing movements, 

blindness, cerebellar and vestibular signs, paresis or paralysis, 

and incoordination. Infection in the central nervous system 

results in acute demyelination and most animals die 2-4 weeks 

after infection. (Williams 2001). 

In case of deaths due to CDV infection, cachexia, dehydration 

and atrophic appearance in the muscles are the first signs that 

draw attention. In cases where CDV infection is accompanied 

by upper respiratory tract infections, mucopurulent eye and 

nasal discharge and exudate ranging from serous to purulent in 

the nasopharynx, trachea, and bronchi are present. In cases 

where interstitial pneumonia is formed, it is observed that the 

lung lobes change color from red to brown, while the lung 

tissue hardens and takes on a liver-like appearance. As a result 

of viral and bacterial secondary infections, bronchopneumonia 

and lesions characterized by the fusion of the cranial and caudal 

lobes of the lung can be seen (Beineke et al. 2009; Williams 

2001). 

Since the diagnosis of CDV is confused with diseases with a 

similar clinical manifestation and As the symptoms of CDV 

appear late, it is difficult to obtain an accurate report based on 

the clinical history and clinical symptoms. Therefore, various 

laboratory diagnostic methods are needed.  

In acute CDV infection, the dog's hematological profile such as 

anemia, thrombocytopenia, leukopenia, lymphopenia, 

neutropenia and monocytopenia draws attention. By taking 

samples such as conjunctival, nasal, and vaginal swabs or whole 

blood and urine from animals with a multisystemic clinical 

manifestation, methods such as immunofluorescence, RT-PCR, 

and ELISA can be used for direct virus detection from these 

samples (Loots et al. 2017).  

Maternal antibodies are the most important source to prevent 

the disease in the early period. Puppies born to vaccinated 

mothers and do not receive colostrum, they have enough 

antibodies to protect against infection for 1-2 weeks. Despite 

the transplacental transfer of CDV antibodies in small amounts, 

the main antibody transmission occurs by absorption of 

maternal antibodies ingested with colostrum from the small 

intestine. Vaccination is the most reliable way to protect 

against Canine Distemper Virus infection. In puppies 

considered to have received colostrum, vaccination is started 

at 6-8 weeks of age and repeated at 3-4 week intervals. Year 

later, the booster vaccine is administered and repeated every 

3 years. Hyperimmune serums is recommended for treating 

infected animals to provide passive immunization. In addition, 

antibiotics can be administered to prevent secondary 

infections. (Pardo et al. 2007; Beineke et al. 2009; Loots et al. 

2017). 

As canine distemper infection has a wide species distribution in 

wild carnivores and vaccination is limited in these creatures, 

eradication of the infection is not considered possible today. 

 

Parvovirus Infection 

 

The family Parvoviridae includes two subfamilies, Parvovirinae and 

Densovirinae. Parvovirinae infects vertebrates, while 

Densovirinae infects insects. Parvoviruses are small and have a 

genetically simple structure. Parvoviruses with non-enveloped, 

cubic symmetric virions are single-stranded linear DNA 

(ssDNA) and approximately 5,200 nucleotides in length 

(Decaro and Buonavoglia 2012).  

Parvoviruses can cause diseases in various mammals. The most 

common are CPV-2, feline panleukopenia virus (FPV), mink 

enteritis virus (MEV), and raccoon parvovirus (RPV). Canine 

and Feline parvoviruses (CPV and FPV) belong to the genus 

Carnivore protoparvovirus-1 in the family Parvoviridae, commonly 

known as carnivore parvoviruses. Parvovirus diseases seen in 

cats, minks, and dogs are very similar, especially in terms of 

causing leukopenia and enteritis. Although CPV and FPV are 

antigenic variants of the same virus species and have 98% 

genome homology, there are evolutionary and epidemiological 

differences between them. Although FPV has existed for over 

100 years and remains without visible changes today, CPV has 

undergone significant antigenic changes that arose in dog 

populations in the 1970s, resulting in sub-antigenic variants. 

These are CPV-2a, CPV-2b, and finally CPV-2c, respectively 

(Balboni et al. 2021; Chang and Chen 2021).  

The host range of CPV includes nearly all species of wild and 

domestic carnivores but is more commonly identified in 

domestic dogs (Canis lupus familyis) and cats (Felis silvestris 

catus). In Europe, the presence of CPV has been reported to 

be present in various free-range carnivorous populations from 

canines such as wolves and foxes to mustelids, by molecular 

methods or serology. Additionally, FPV has been documented 

in many European wild carnivores such as badgers and Egyptian 

mongooses. Transmission between domestic and wild 

carnivores has been demonstrated by some molecular studies 

based on sequence analysis. Results of these studies showed 

that wild and domestic carnivores share the closely related or 

same parvoviruses. (Calatayud et al. 2020; Balboni et al. 2021; 

Chang and Chen 2021).  

The pathological and epidemiological features of Carnivore 

parvoviruses are not reported. For this reason, the 

consequences of the infection at the population and individual 

levels can’t be predicted exactly. While these viruses are 

present in nearly all carnivorous populations tested, they were 

reported to be able to trigger reductions in pure wild 

populations, for example in the outbreak among wolves (Canis 

lupus) in North America (Calatayud et al. 2020). The severity 

of disease symptoms ranges from subclinical, acute to fatal, 

depending on several factors such as host immunity, host's age 

and virus strain. Clinical manifestations are mainly observed in 

offspring and assessing offspring health in wild carnivores has 

major limitations. As a result, the effect of carnivorous 

parvoviruses in wild ecosystems is not fully understood. 

(Calatayud et al. 2020). 

CPV outbreaks are characterized by high morbidity and 

mortality rates. Especially the incidence in the area where 

carnivores are found is high. Acute CPV-2 enteritis can be seen 

in carnivores of all breeds, ages, and genders, but it was 

reported that offspring between six weeks and four months are 

more susceptible to this infection and low body weight 

increases the mortality rate. The factors that make the 

offspring susceptible to parvovirus infection are the lack of 

intestinal parasites, protective immunity, stressful, crowded 

and unhealthy environmental conditions (Goddard and 

Leisewitz 2010; Miranda and Thompson 2016). 

The most effective mode of transmission for the rapid spread 

of CPV-2 among carnivores is fecal-oral transmission (direct). 

Another mode of transmission is oronasal (indirect) 
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transmission by exposure to substances contaminated with 

feces. CPV-2 is highly contagious. Parvoviruses are resistant to 

pH and temperature changes, detergents, anhydrous 

environments, and solvents. So they can cause infection by 

carrying agents with dust particles and contaminated materials. 

If conditions are suitable, CPV can survive on the fecal-

contaminated ground for several weeks or more (Goddard and 

Leisewitz 2010; Decaro and Buonavoglia 2012). 

The virus can show high affinity for intestinal crypt epithelial 

cells, bone marrow precursor cells, lymphoid tissue cells, and 

cardiac muscle cells due to its rapid proliferation ability. Viral 

replication can cause cell death and thus cellular loss due to the 

failure that occurs during mitosis. Histopathological 

examination reveals pathognomonic lesions for parvoviral 

enteritis, such as destruction of the lamina propria, emptying 

of Peyer's patches, necrosis of epithelial cells in intestinal 

crypts, swelling of crypt lumens containing necrotic 

enterocytes, and suppressed by infiltration of neutrophil 

granulocytes and mononuclear cells in the lamina propria. CPV 

can cause fatal myocarditis by replicating in heart cells in 2-3 

weeks old seronegative puppies. Because cardiac muscle cells 

in neonatal animals are actively dividing cells, the virus infects 

the cardiac muscle cells directly (Goddard and Leisewitz 2010; 

Decaro and Buonavoglia 2012; Schoeman et al. 2013).  

The disease has two clinical forms. These are acute 

hemorrhagic enteritis and myocarditis. The most characteristic 

clinical manifestation of canine parvovirus type 2 is 

hemorrhagic enteritis, which is mostly dependent on maternal 

antibody titers of CPV-infected offspring. Clinical symptoms 

such as anorexia, depression, vomiting, mucoid or bloody 

diarrhea, often dehydration, and fever occur after 3-7 days of 

the incubation period of the virus. Concomitant pulmonary 

infections may lead to the onset of respiratory distress. 

Mortality rate in puppies can be high (up to 70%) but is 

generally less in adult dogs. At initial stage of the disease, there 

is a slight increase in body temperature. Although there is no 

obvious characteristic feature of the stool, it may be watery, 

light yellow, or bloody in severe cases. Intense fluid and protein 

losses through the gastrointestinal tract can cause severe 

dehydration, resulting in hypovolemic shock. Usually dogs 

presented with severe vomiting and diarrhea may lead to death 

within 3 days of the onset of symptoms. The course of the 

disease and its clinical findings are variable depending on the 

infectious dose of the virus, but clinical symptoms usually 

appear 3-5 days after ingestion of virus and last for an average 

of 5-7 days (Goddard and Leisewitz 2010; Decaro and 

Buonavoglia 2012; Schoeman et al. 2013). 

Other clinical form of canine parvovirus type 2 is heart 

syndrome or myocarditis, which is more prevalent in puppies 

younger than 3 months. CPV-2-origin myocarditis is 

infrequently identified because infected offspring die soon after 

clinical symptoms appear or before clinical symptoms appear 

(Goddard and Leisewitz 2010).  

The diagnosis of the disease is made by obtaining a good 

history, clinical, laboratory, and histopathological findings, and 

using virological tests for antigen detection and serological 

tests for antibody detection. Various diagnostic methods have 

been developed for CPV antigen detection using feces or 

intestinal contents from infected animals. Hemagglutination 

test, electron microscopy (EM), virus isolation, ELISA, latex 

agglutination test (LAT), fluorescent antibody test (FAT), virus 

neutralization test as well as PCR and real-time PCR, loop-

mediated isothermal amplification (LAMP), nucleic acid 

hybridization, or dot blot, nucleic acid sequence analysis tests 

are used for diagnostic purposes, but these tests have different 

rates of sensitivity and specificity (Dik and Simsek 2021).  

Puppies receive immunity just after birth through colostrum. 

Successful immunization with vaccine can only be achieved in 

seronegative puppies or puppies with very low antibody titers. 

Vaccination is the most important practice to prevent CPV 

infection and control the spread of the disease. Because of 

short-term immunity with inactivated vaccines, modified live 

vaccines are preferred (Goddard and Leisewitz 2010; Chang 

and Chen 2021).  

The effect of CPV diseases on wild populations is not yet fully 

understood. However, it is known that disease symptoms 

mainly develop in offspring and there are great limitations in 

protection against parvovirus infections in wild carnivores due 

to the incomplete maternal antibody uptake or vaccination of 

the offspring.  

 

Adenovirus Infection 

 

The family Adenoviridae has a double-stranded DNA genome 

and causes significant infections in humans and animals (birds, 

reptiles, fish, mammals) all over the world. The viral genome 

encodes about 40 proteins. About 1/3 of these proteins are 

structural proteins. Many adenoviruses can agglutinate 

erythrocytes. They do this by forming bridging bonds between 

the ends of penton fibers and cellular receptors. Each 

adenovirus and the type of erythrocyte that it agglutes are 

defined (Saraç 2016). 

There are 5 genera in the family Adenoviridae, namely 

Mastadenovirus, Aviadenovirus, Atadenovirus, Siadenovirus, and 

Ichtadenovirus. Canine adenovirus 1 was isolated from dog, fox, 

bear, and skunk while Canine adenovirus 2 was isolated from 

dog, wolf, fox, and marine mammals. Adenovirus 1 causes 

hepatitis, interstitial nephritis, encephalopathy, ocular and 

respiratory disease, while Adenovirus 2 causes tonsilitis, 

pharyngitis, tracheitis, bronchitis, and bronchopneumonia 

(Bulut et al. 2013). 

Clinical signs ranging from fever, reduction of white blood cells, 

congestion of mucous membranes, and even death can be 

observed in infected animals. In recent years, infection is rare 

in areas where regular vaccinations have been carried out. 

Although respiratory and systemic infections are reported 

most of time, involvement of central nervous system has been 

reported sometimes in foxes. Adenoviruses are significantly 

species specific. They usually cause subclinical, persistent, 

productive infections. Lymphoid tissues of the pharyngeal 

region, in particular, are sites of persistent infection associated 

with antibodies for most adenoviruses. It is thought to persist 

in enteric adenoviruses, probably by the same mechanism. 

Transmission is by droplet or fecal-oral route (Dowgier et al. 

2016).  

Initially, adenoviruses reproduce in the bronchial epithelial 

cells, nasal mucosal epithelial cells, pharynx, conjunctiva, or 

small intestine and usually do not spread beyond the associated 

mesenteric, cervical, auricular, or lymph nodes. The incubation 

period is between 5-8 days. Canine adenovirus 1 (CAV-1) 

causes Hepatitis Contagiosa Canis (HCC), which can be 

observed in wild canidae, wolves, coyotes, skunks, foxes, and 

bears. Immune complexes formed after recovery from acute 

or subclinical infection cause chronic liver lesions and corneal 

opacification (blue eye manifestation). Deaths can be observed 

as a result of harm caused by the virus in liver hepatocytes. 
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Kennel cough disease, which can be observed in dogs, coyotes, 

bears, pandas, skunks, mongooses, is caused by canine 

adenovirus-2 (CAV-2). During the disease bronchitis, 

bronchiolitis, and interstitial pneumonia are observed 

(Thompson et al. 2010; Walker et al. 2016; Oleaga et al. 2021). 

In HCC, tonsil crypts and Peyer's patches are affected first. 

Subsequently, viremia and disseminated infection develop. 

Primarily vascular endothelial cells, kidney, liver, lung, and 

spleen are affected. In the systemic disease, 5 forms are 

observed (Walker et al. 2016). 

In the peracute form, offspring die within 1-2 hours as soon as 

symptoms of the disease begin. Two-phase fever rising to 40°C 

is observed. One day after the rise in temperature of animal, 

the leukocyte count decreases. Fever, depression, loss of 

appetite, and yellowish mucous membranes are detected in the 

acute form. Mild fever, loss of appetite, and laryngitis are 

observed in mild form of the disease. In ocular form, opacity 

occurs in the eye as a result of corneal edema and uveitis due 

to immune complexes formed during the disease. The disease 

is also called "blue eye" because of this corneal opacity, which 

usually heals by itself. In rare cases, CNS form is observed with 

symptoms of convulsions, ataxia, and blindness due to 

forebrain damage. This form is generally observed in foxes. 

Animals affected by CAV-2 develop pneumonia. The disease 

may be exacerbated by secondary bacterial infections. Sudden 

onset of dry cough is the most characteristic finding of the 

disease (Saraç 2016).  

Urine, saliva, blood, and stool samples are collected for 

diagnosis. CAV-1 and CAV-2 differentiation can be made by 

PCR or RFLP methods. Also, virus isolation can be done in 

canine cell cultures. Antigen detection can be made by ELISA 

from infected tissues and by immunohistochemical staining 

from lymph nodes, spleen, liver, kidney samples of deceased 

animals. ELISA, hemagglutination inhibition, and neutralization 

tests are available for serological diagnosis (Dowgier et al. 

2016). 

There may be temporary opacity after getting attenuated CAV-

1 vaccines or viral shedding in the urine. For this reason, 

attenuated CAV-2 live vaccines are recommended to provide 

cross-immunity. Maternal antibodies can protect offspring up 

to 12-16 weeks. Afterward, protection should be provided by 

vaccination. Although annual repetition of the vaccines is 

recommended, studies reported that the immunity generated 

by the vaccine can last longer than 3 years. Considering that 

domestic dogs are a potential source of the virus as a reservoir, 

it is recommended by researchers to expand routine 

vaccination of dogs and reduce their circulation in rural areas 

to protect many wild carnivores, such as the endangered 

brown bear (Schultz 2006; Lamberski 2012).  

 

Influenza Virus Infection 

 

The family Orthomyxoviridae consists of seven genera and nine 

species. It was reported that influenza A viruses (IAV) infect 

leopard, tiger, raccoon, ferret, chicken, duck, horse, pig, bird, 

human, seal, mink, whale, dog, and cat. Influenza B strains (IBV) 

are generally found in humans but have also been reported in 

pigs and seals. Influenza C strains (ICV) have been reported in 

humans and pigs, while Influenza D strains (IDV) have been 

reported in Equids and Artiodactyles. The single-stranded 

negative-sense RNA genome has a segmented structure. 

Influenza viruses are known to evolve continuously and 

overcome species barriers. The genetic diversity of these 

viruses is constantly increasing with new subtypes being 

discovered. Influenza viruses evolve by antigenic shift and 

antigenic drift. Antigenic drift is caused by point mutations in 

the amino acids of the HA and NA genes. Regional and periodic 

flu epidemics occur with these changes. Antigenic shift is the 

exchange of RNA genome segments between two or more 

subtypes. Canine influenza virus (CIV) is a highly contagious 

viral infection characterized by cough that affects canines of all 

ages and breeds. Two subtypes, H3N8 and H3N2 infect hounds 

and dogs. The H3N8 virus was adapted through transmission 

from horses and the H3N2 virus from birds to dogs. Cats are 

infected with H3N2, H7N2, H5N1, and H1N1. Influenza virus 

A (H1N1) has been detected in skunk, raccoon, hyena, and 

avian influenza (H5N1) in fox, tiger, and leopard (Keawcharoen 

et al. 2004; Bouvier and Peter 2008; Reperant et al. 2008,). 

Transmission of CIV is usually by droplet infection, aerosols, or 

nasal discharge. Close contact and closed environments 

facilitate transmission. About 20% of infected animals are 

asymptomatic, but they can still spread the virus. Influenza virus 

has affinity for epithelial cells in the respiratory tract. Significant 

amounts of virus are found in nasal discharge, pharyngeal 

secretions, and trachea. While low pathogenic strains such as 

H1N1 and H7N2 infect only the upper respiratory tract, the 

highly pathogenic H5N1 virus affects both the upper 

respiratory tract and gastrointestinal tract epithelium (Weber 

and Stilianakis 2008). 

H3N8 and H3N2 cause disease characterized by symptoms of 

upper respiratory tract infection. Clinical findings such as fever, 

cough, runny nose, sneezing, weakness, and conjunctivitis are 

observed. If a secondary infection develops, the runny nose 

becomes mucopurulent. Pneumonia and bronchopneumonia 

may develop in severe cases. While the morbidity rate is about 

80%, the mortality rate is between 1-5%. Higher mortality rates 

are observed in puppies and older animals with weakened 

immune systems (Watson et al. 2017).  

Different methods for virus isolation, viral genome, and 

antibody detection can be used for the diagnosis of influenza 

virus infection. Nasal and pharyngeal swabs and lung tissue 

samples of dead animals can be taken for viral genome 

detection and virus isolation. For this purpose, PCR (including 

Real-time RT-PCR) technique are mostly used. Neutralization 

test and hemagglutination inhibition test can be used for 

serological diagnosis (Trombetta et al. 2018).  

Both cellular and humoral immunity are involved in immunity 

against influenza virus infections. The first defense mechanism 

of the host is mucosal secretory antibodies (IgA). Animals 

usually recover within 2-3 weeks unless a secondary infection 

is involved. Neuraminidase inhibitor antiviral drugs can be used 

in the early stage of infection. It is recommended to use 

oseltamivir against highly pathogenic viruses (H5N1). Further 

studies are needed to determine the influence of commercial 

vaccines against H3N8 and H3N2 on wild carnivores 

(Keawcharoen et al. 2004; Bouvier and Peter 2008). 

 

Coronavirus Infection 

 

Coronaviruses have become popular since there are different 

mammalian and poultry reservoirs, and that they cross the 

species barrier from these reservoirs and lead to epidemics in 

humans. The existence of many unidentified coronaviruses 

raises concerns that many human and/or animal diseases may 

cause epidemics in the future. The family Coronaviridae is in the 

order Nidovirales, in the kingdom Riboviria. Alphacoronavirus in 
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the family Coronaviridae has been reported to infect seals 

(HSCoV), dogs (Canine Coronavirus; CCoV), cats (Feline 

enteric coronavirus, FCoV; Feline infectious peritonitis virus, 

FIPV), leopards, cheetahs, hyenas, lions, wolves, humans, and 

pigs (Transmissible gastroenteritis virus, TGEV), and 

Betacoronavirus has been reported to infect mice, rats, cattle, 

horses and pigs, and Gammacoronaviruses infect dolphins, sea 

lions, foxes, chickens, and turkeys (Goller et al. 2013).  

Coronaviruses are positive-sense, single-stranded RNA 

(ssRNA) and enveloped viruses. The viral genome encodes 4 

structural proteins: Envelope (E), spike (S) Nucleocapsid (N) 

and membrane (M). The S protein, which is responsible for 

species and tissue specificity, is the main factor determining the 

pathogenicity of the virus. Viruses in this family generally show 

an affinity for epithelial cells for replication. The frequency of 

recombination shaped within the family allows for an increase 

in genetic diversity (Núñez-Nogueira et al. 2021). 

FIPV affects all domestic and wild felines and is fatal especially 

in young and very old animals. The disease is transmitted to 

susceptible individuals by the oral-fecal route (Goller et al. 

2013).  

The main event that initiates infectious peritonitis is the 

productive infection of enteric coronavirus variants in 

monocytes and macrophages. The characteristic lesions of the 

infection are formed in the small blood vessels. Vascular 

disorders and leakage of blood fluid from the vessels result in 

pathogenesis specific to wet form. Cytokine and arachidonic 

acid-derived inflammatory regulators cause changes in vascular 

permeability and trigger a viral infection in macrophages. In the 

wet form of the disease, symptoms such as accumulation of 

fibrous, viscous, clear yellow-colored fluid in the abdominal 

cavity and gray-white nodules 1-10 mm in diameter on the 

surface of the liver, spleen, omentum, kidney are observed. 

Fibrinous polyserositis is not observed in its dry form although 

lesions and pathogenesis are similar. Although the mechanism 

that determines which form of FIP will develop in a cat is not 

known exactly, it is thought that individual differences between 

strains and animals may cause this. Central nervous system 

(CNS) findings are more common in dry form FIP in cats under 

2 years of age (Benetka et al. 2004; Pedersen et al. 2008). 

Affected cats exhibit anorexia, chronic fever, weight loss, and 

malaise. Ulcerative colitis due to the involvement of the colon 

and caecum is a typical finding of dry FIP. In the wet form of 

the disease, death mostly occurs within a month with 

accumulation of fluid in the abdominal cavity, while the clinical 

course is much slower in the dry form (Benetka et al. 2004).  

As no single method is sufficient for diagnosis, all tests and 

clinical symptoms should be evaluated together. Necropsy is 

known as 'gold standard' especially for the diagnosis of FIP 

infection. Antigen detection by RT-PCR, immunofluorescence, 

immunoperoxidase tests, serum neutralization test, fluorescent 

antibody technique are diagnostic methods. ELISA can be used 

to detect antibodies from blood and fluids accumulating in the 

body cavity. Cat-derived cell cultures are used for virus 

isolation (Hartmann et al. 2003).  

It is not easy to manage the disease, as the virus must be 

eliminated in all felines. Although there are commercial 

vaccines used primarily to protect pet animals, their 

effectiveness is disputed. Antiviral drugs (Remdesevir), which 

are long-term nucleoside analogs, and preparations containing 

interferon have a positive contribution to the treatment 

(Takano et al. 2020). 

Immunodeficiency Virus 

 

Viruses in the family Retroviridae are positive-sense, single-

stranded RNA (ssRNA) and are enveloped. Retroviruses with 

a diploid genome of approximately 8-11 kb have two genomes 

in their virions (Pseudodiploid genome). The genome of viruses 

in the Retroviridae family has 4 different gene regions 

characteristically, gag (synthesis of group-specific antigens such 

as matrix protein, nucleoprotein, capsid), pro (protease 

synthesis), pol (reverse transcriptase and RNase-H synthesis), 

and env (envelope and receptor binding sites). There are 5 

genera in this family: Alpharetrovirus infects chickens, 

Betaretrovirus, which infects sheep and goats; Gammaretrovirus 

causes "feline leukemia" of domestic and wild cats; 

Deltaretrovirus infects cattle; Lentivirus infects sheep, goats, 

Equidae, domestic and wild cats, cattle and buffaloes. Virus in 

Retroviridae family use reverse transcriptase enzyme during 

replication (Friend et al. 1990; Yamamoto et al 2007; 

Frankenfeld et al. 2019).  

Feline Acquired immunodeficiency syndrome (Feline AIDS, 

Feline immunodeficiency virus-FIV), which is similar to AIDS in 

humans, has been detected in both domestic and wild cats all 

over the world. FIV, which is in the genus Lentivirus, persists 

in cats and causes immune system damage. Infection-related 

deaths are common (Friend et al. 1990). 

FIV can be isolated from blood, plasma, serum, saliva and 

cerebrospinal fluid. In areas where cat populations are dense 

and cats stray freely, transmission through bite wounds is 

common. Since male cats bite more than females, it is more 

common in males. Also, it can be transmitted through 

intrauterine, venereal, perinatal, and breast milk (Beebe et al. 

1994).  

The agent can reproduce in B lymphocytes, helper T 

lymphocytes (CD4), cytotoxic T lymphocytes (CD8), 

macrophages, astrocytes and microglia cells (Roukaerts 2017). 

While the primary receptor of FIV is CD134 (OX40), both 

human and feline CXCR4 can serve as co-receptors as 

chemokine receptors. During virus replication, the virus 

integrates its information into the host chromosome. This 

DNA is called "proviral DNA" and contains all the genetic 

information of the virus. Proviral DNA can be detected in 

lymphocytes as early as 5 days post infection and 10 days later 

in various organs (Zhang 2002). 

Clinical findings of the disease include fever, diarrhea, 

conjunctivitis, gingivitis, icterus, neutropenia, secondary 

bacterial sepsis, and generalized lymphadenopathy. Mesenteric 

and peripheral lymph nodes enlarge. Clinical signs continue 

from a few days to a few weeks. Later, the infection in cats 

passes into the latent stage (subclinical). In this way, the virus 

can persist for 5 years or longer. During this period, virus 

isolation can be done. Some cats can carry the virus for life 

with very few clinical signs. Afterward, non-specific changes 

such as fever, lymphadenopathy, leukopenia, anorexia, anemia, 

and weight loss can be detected in the period that can extend 

from 6 months to several years. Opportunistic infections come 

into play in the last stage of the disease (Norris et al. 2007; 

Yamamoto et al. 2007).  

While the virus can be detected by tests such as virus isolation 

from blood, PCR, ELISA, tests such as immunofluorescence 

(IF), ELISA, Western Blot (WB) can be used for serological 

diagnosis (Nichols et al. 2017; Frankenfeld et al. 2019).  

It is recommended to neuter domestic cats and keep them 

away from stray cats. Deveoplemnt of vaccine is under process, 
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but it seems very difficult to produce effective vaccines against 

retroviruses due to their biological properties. Chemotherapy 

methods learned from HIV studies can be applied to cats 

infected with FIV. In the present day, azidothymidine (AZT) 

preparations are used in veterinary medicine. The drug 

increases both life expectancy and quality of life (Hartmann et 

al. 2015).  

 

Rabies 

 

Within the family Rhabdoviridae, there are Lyssavirus, 

Vesiculovirus, Novirhabdovirus, and Ephemerovirus, which infect 

humans and animals, and Nucleorhabdovirus and Cytorhabdovirus, 

which infect plants. Classical rabies virus, Lagos bat, Mokola, 

European bat rabies virus-1, European bat rabies virus-2, 

Duvenhage, Australian bat rabies virus, which is in the genus 

Lyssavirus, are closely related viruses. All of these viruses cause 

rabies-like disease in animals and humans. The Rhabdovirus 

genome is in the form of negative polarity single-stranded RNA. 

Although rhabdoviruses are resistant to environmental factors 

in alkaline PH conditions, they are not resistant to UV rays and 

heat (Consales and Bolzan 2007; Pantha et al. 2020).  

According to The World Health Organization (WHO), 35,000-

60,000 people die annually due to rabies. Although the majority 

of human cases are caused by dog bites but skunks, foxes, and 

raccoons play an important role as reservoirs in the wild 

animals. In many regions, rabies and rabies-like viruses are 

transmitted by bats (Bilal 2021).  

Rabies virus has many reservoir hosts such as dog, bat, fox, 

wolf, raccoon, skunk, coyote mongoose. Dogs are most 

common reservoir and about 95% of human deaths due to 

rabies were associated with dogs. After the reservoir species, 

final hosts such as humans and animals are infected. Although 

the most important source of infection is the transfer of the 

virus in the saliva to sensitive individuals by biting, there are 

various ways of transfer of virus such as tissue and organ 

transplantation, aerosol scattering, and contamination of open 

wounds with infected saliva (Hampson et al 2009). The disease 

is endemic in all continents, except for Australia and Antarctica. 

The disease raises an important public health concern in Asia 

and Africa. In the Asian subcontinent, it is most common in 

India and Bangladesh, and moderately common in Bhutan, 

Nepal, Thailand, Indonesia and Myanmar. Cyprus, Bahrain, 

Hong Kong, Lakshadweep, Japan, Maldives, Qatar, Malaysia, 

Singapore, Andaman, and the Nicobar Islands of India and East 

Timor, located in the Asian subcontinent, are rabies-free 

countries. Antigua and Barbuda, Bahamas, Belize, Falklands, 

Barbados, Jamaica, Saint Kitts, and Tobago, Nevis, Trinidad, 

Albania and Uruguay, Macedonia, Greece, Iceland, Finland, 

Gibraltar, Malta, Isle of Man, Portugal, Norway (except 

Svalbard), Spain (except Melill + Ceuta) and United Kingdom 

have rabies-free status. The group of islands such as Cook 

Islands, Fiji, Vanuatu, French Polynesia, Guam, New Zealand, 

Solomon Islands, New Caledonia, and Papua New Guinea are 

also rabies-free. According to the definition of the World 

Health Organization (WHO), a country can claim rabies-free 

status if it has not had a case record for animal or human rabies 

within two years. The susceptibility of animals varies according 

to the genetic structure, age of the animal, species, biotype of 

the virus, dose, and exposure route. In Rabies, which is 

endemic worldwide, they have managed to reduce the number 

of cases with the control programs implemented by some 

countries such as the United States. Low human mortality in 

many developing countries is due to cultural beliefs, under-

reporting, inadequate or poor rabies diagnostic units, and 

insufficient knowledge of the mode of prevention and 

transmission of the disease. (Leung et al. 2007; Morters et al. 

2013; Pantha et al. 2020; Bilal 2021). 

At start, virus reproduces in the muscle cells (myocytes) in the 

bitten area and then it reaches the peripheral nerve endings 

and enters the nervous system with acetylcholine receptors 

located here. Various cell receptors such as G protein nicotinic 

acetylcholine play an important role in interaction with p75 

neurotrophic receptors on neural cell membranes and neural 

cell adhesion molecules. With the infection of the neurons, the 

virus reaches the central nervous system (CNS) via a 

centripetal route along the axons at a retrograde rate of 12 to 

100 mm/min. Clinically observed aggression is observed at this 

stage. Whether the disease is in an aggressive or calm form is 

related to how widely the virus spreads and reproduces in the 

CNS. Factors such as genotype of the virus, the dose, the 

severity of the bite, and the distance from the bite site to the 

brain are important in the emergence of disease symptoms. 

The virus multiplying in the CNS spreads to peripheral tissues 

and organs by the centrifugal route. Virus reaching the salivary 

glands in this way is shed in high concentrations from the 

mucous cells on the apical surfaces. Clinical symptoms occur 

within 10 days after the virus reaches the salivary glands from 

the CNS and then animal dies. Eosinophilic intracytoplasmic 

inclusion bodies (Negri bodies) in neurons observed in 

histological examinations of brain tissue of animals that died 

due to rabies are pathognomonic. Negri bodies are particularly 

observed in Purkinje cells of the hippocampus and cerebellum 

(Consales and Bolzan 2007; Abraham et al. 2017; Singh et al. 

2017).  

The incubation period is between 30-90 days on average but 

can extend from few days to several years. In general, multiple 

deep lacerations to the head and bites from the neck area are 

associated with short incubation times. The prodromal period 

lasts 2 to 10 days and has been associated with viral invasion of 

the central nervous system. Non-specific prodromal symptoms 

include influenza-like symptoms and hyperesthesia, paresthesia, 

pain, and itching at the viral entry site. It can occur in 

encephalitic (aggressive) or paralytic (paralysis) forms. The 

brain stem is involved in both clinical forms, but there are no 

clinical signs of dysfunction in this part of the brain. Differences 

in tropism in the CNS or inoculation site, differences in 

spreading pathway, or triggering of the immune cascade in the 

brain stem are thought to be responsible for clinical variations. 

The progression of the disease is of two types: the encephalitic 

(aggressive) form, which is seen in about 80% of the patients, 

and the paralyzed form, which is seen in about 20%. T-cell 

immunity to rabies and high serum concentrations of 

interleukin-2 and interleukin-6 are observed in the aggressive 

form while in paralytic form such responses are lacking. 

Autonomic dysfunction (lacrimation, hypersalivation, mydriasis, 

sweating, and hyperpyrexia), hydrophobia, hyperexcitability 

and aerophobia are characteristic features of encephalic rabies 

patients. Hydrophobia and aerophobia develop due to painful 

contraction of the pharynx and larynx while drinking water. 

(Consales and Bolzan 2007; Hampson et al. 2009).  

For the diagnosis of rabies in dead or killed animals, the viral 

antigen is usually sought in brain tissue by immunofluorescence 

or immunohistochemical tests. For genome detection, viral 

nucleic acid detection can be made from brain tissue, 

cerebrospinal fluid (CSF), biopsy material from the hair follicle 



 

 

163 

in the nape, saliva, and cornea by RT-PCR and real-time RT-

PCR methods. Besides this, virus isolation can be performed in 

BCC cell culture and experimental animals. Indirect diagnosis 

can be made by determining the antibody titer in CSF and 

double blood serum samples taken at 3-4 days intervals. 

Neutralization test (Rapid Fluorescent Focus Inhibition Test 

(RFFIT) and fluorescent antibody virus neutralization (FAVN)) 

are accepted as reference tests for antibody detection by 

WHO and World Organization for Animal Health (WOAH). 

However, ELISA, avidin-biotin dot ELISA, blocking ELISA, MAb 

based capture ELISA, sandwich ELISA tests can also be used. 

Serological methods are used especially during international 

transport of pet animals, in-field controls of wildlife after oral 

vaccination, and to evaluate post-vaccination immune response 

in humans (Morters et al. 2013; Singh et al. 2017). 

WHO and WOAH recommend the use of inactivated vaccines 

produced in cell culture for parenteral immunization. In 

countries where it is endemic, these vaccines are 

recommended to be started at the age of 3-6 months and 

repeated once a year in animals. The first rabies oral 

vaccination campaign was carried out in Switzerland in 1978 for 

wildlife and then spread to other European countries. In 

Europe, strains of rabies virus such as SAD Bern, SAD B19 and 

SAG 2 are used for oral immunization in the wildlife. Exotic 

Asian raccoon dog, arctic fox, the red fox have been regularly 

vaccinated with recombinant vaccinia virus expressing rabies 

virus glycoprotein G in oral wildlife vaccination campaigns for 

the last 15 years for rabies control in North America. And 

Europe. Countries such as Yemen, Israel, Iran, Saudi Arabia, 

Oman, and Turkey in the Middle East are dealing with 

increasing problems due to wildlife rabies. In these countries 

where rabies is endemic, it is recommended to monitor 

antibody titers every 2 years together with vaccination (Pfaff et 

al. 2019).  

Although there are still high-risk countries for rabies, there are 

many countries which are declared as rabies-free. This shows 

us that rabies is a preventable disease, with effective protection 

and control measures, public awareness on this issue, and of 

course high-level political commitment. 
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