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ABSTRACT 

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is the agent responsible 

for the infectious disease named COVID-19, the most recent pandemic disease. This 

dissertation aims to focus on the epidemiology of the virus, including the impact under the 

concept of "One Health" and description of preventive measures to be taken, namely in 

animal health promotion, as well as investigate anti-SARS-CoV-2 IgG seroprevalence in 

client-owned cats from Portugal and evaluate the infection risk of cats that maintain contact 

with human COVID-19 cases. The first human case was reported in Wuhan, China, in late 

2019, and bats were the first hosts considered the vehicle of transmission of this virus, 

however, the possible animal origin of the new Coronavirus has not been yet confirmed. The 

close contact between humans and domestic cats raises concerns about the potential risks of 

SARS-CoV-2 transmission. The first case described in animals was a cat that tested positive 

for SARS-CoV-2 in March 2020, in China. After that, several cases in different animal 

species have already been identified around the world, in Europe and even in Portugal. In 

order to understand the potential infection for SARS-CoV-2 in animals, a total of 176 cats 

were sampled. Cat owners answered an online questionnaire and cats were screened for 

antibodies against SARSCoV-2, using a commercial ELISA. Twenty (21.3%) households 

reported at least one confirmed human COVID-19 case. Forty cats (22.7%) belonged to a 

COVID-19 positive and 136 (77.3%) to a COVID-19 negative household. The 

seroprevalences of cats from COVID-19 positive and negative households were 5.0% (2/40) 

and 0.7% (1/136). The two SARS-CoV-2-seropositive cats from COVID-19-positive 

households had an indoor lifestyle, and their owners maintained a close and frequent contact 

with them, even after being diagnosed with COVID-19, pointing towards human-to-cat 

transmission. The SARS-CoV-2-seropositive cat from the COVID-19 negative household 

had a mixed indoor/outdoor lifestyle and chronic diseases. Owners of the three SARS-CoV-

2-seropositive cats did not notice clinical signs or behavior changes. This results highlights 

the low risk of SARS-CoV-2 transmission from COVID-19 positive human household 

members to domestic cats, even in a context of close and frequent human–animal contact. 

 

Keywords: coronavirus; felids; infection; epidemiology; One Health; zoonosis; anti-SARS-

CoV-2 antibodies. 
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CHAPTER I - LITERATURE REVIEW  

1.1. Introduction  

In December 2019, cases of pneumonia of unknown origin were reported in the city of 

Wuhan, China. A novel coronavirus (2019-nCoV) was identified as the causal agent of 

the disease by the Chinese authorities [1] and the disease officially designated 2019 

Coronavirus Disease (COVID-19) was classified by the World Health Organization 

(WHO) as a pandemic [2]. Afterwards, with the new virus being responsible for the 

second coronavirus caused acute respiratory syndrome, the virus designation changed to 

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) [3]. The first reports 

of human COVID-19 outbreaks were attributed to the consumption of wild animals, 

traded in markets, known as ''wet markets''. The WHO did not specifically confirmed this 

source, however the diversity of species susceptible to SARS-CoV and SARS-CoV-2 

related viruses, highly suggests a propensity for these viruses to cross the species barrier, 

particularly in the context of frequent interactions between carnivores and other small 

mammals, which may also facilitate transmission between species [4].  

Domestic cats (Felis catus) are popular companion animals, being present in half of 

Portuguese households [5]. The amount of contact between domestic cats and humans 

varies but can be as close as sleeping in a bed and licking the owner's face [6]. 

Experimental infection of domestic cats has shown that they are susceptible to SARS-

CoV-2 infection, ensuring virus replication [7]. Following the infection, the cat may stay 

asymptomatic or manifest respiratory pathology [8,9].  

According to current knowledge, cats are mainly infected through contact with infected 

owners (reverse zoonosis) [10,11]. However, transmission from humans to cats appears 

to be an occasional event that does not always occur [12]. Transmission between cats has 

also been documented [13]. By mentioned reasons, this animal species should be included 

in animal and public health topic [14]. 

There are still gaps in the knowledge of this disease due to recent appearance of this 

zoonotic coronavirus [15]. However, high contagiousness and pathogenicity of this agent, 

as well as its potential zoonotic transmission, are well established topics [16,17], mainly 

due to the structural plasticity of the spike protein and the epidemiological, biological and 

virological characteristics of coronaviruses [18]. 
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Although natural transmission of SARS-CoV-2 in companion animals has been reported, 

studies on this issue are still limited. Model animals for experimental transmission 

included cats, ferrets and hamsters [19]. 

Until now, this virus has suffered new variants, still resulting in high infection and 

mortality rates [17], reinforcing the crucial importance of accelerating studies, including 

the determination of the role of animals in transmission and potential reservoirs or vectors 

of the disease, which will provide future plans for risk analysis [3].  

Thus, this research aims to study SARS-CoV-2 infection in cats from the One Health 

perspective, as well as the risk factors involved in infection at the owner-cat interface. 

Large-scale testing of susceptible species is needed to assess the extent of animal infection 

under natural breeding conditions. In this dissertation, we will also focus on current 

information on the zoonotic transmission of SARS-CoV-2 through direct and indirect 

contact between humans and the full range of farmed and wild animals and report on an 

epidemiological survey from November 2020 to October 2021 in cats living in mainland 

Portugal. 

1.2. Coronaviruses 

SARS-CoV-2 belongs to the family Coronaviridae, order Nidovirales [20], composed of 

two subfamilies, whose members are commonly referred to as CoV [21]. The CoVs have 

four genera, namely, Alphacoronavirus, Betacoronavirus, Gammacoronavirus (Gamma-

CoV) and Deltacoronavirus (delta-CoV), where bats, birds and rodents are considered to 

be natural reservoirs [1]. Alphacoronavirus (alpha-CoV) are agents responsible for 

porcine epidemic diarrhea (PEDV) and severe acute diarrhea; Betacoronavirus (beta-

CoV) are responsible for porcine haemagglutinating encephalomyelitis (PHEV) [1,22].  

The name CoV is derived from the Latin word corona, meaning crown, due to the 

distinctive structure of the virus, as the surface projections on the viral envelope resemble 

a crown [1,23].  

Coronaviruses are positive-sense RNA viruses and RNA genome [24], capable of 

infecting humans, mammals and poultry [25]. Human coronavirus (HCoV) causes mild 

respiratory symptoms or can be asymptomatic, compared with severe acute respiratory 

syndrome coronavirus (SARS-CoV), Middle East respiratory coronavirus (MERS-CoV) 

and SARS-CoV-2 which causes severe to lethal respiratory symptoms [23,26]. 

Several diseases with CoV origin are reported in Table 1.  
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Table 1- Coronavirus genus, disease name, abbreviation and hosts on different animals.  

 
Genus Virus Abbreviation Host First 

outbreak 

Reference 

 

Alpha 

Feline coronavirus FCoV Cat 1960s [27] 

Transmissible gastroenteritis 

virus 
TGEV Pig 1970 [28] 

Porcine respiratory coronavirus PRCV Pig 1984 [29] 

Canine coronavirus CCoV Dog 2004 [30] 

Porcine epidemic diarrhoea 

virus 
PEDV Pig 1977 [29] 

Swine acute diarrhoea 

syndrome-coronavirus 
SADS-CoV Pig 2017 [31] 

Bat coronaviruses Bat CoV Bat 2002 [32] 

 

Beta 

Bovine coronavirus BCoV Cow 1980 [33] 

Canine respiratory coronavirus CRCoV Dog 2003 [34] 

Equine coronavirus ECoV Horse 2000 [35] 

Porcine hemagglutinating 

encephalomyelitis virus 
PHEV Pig 1962 [87] 

Murine hepatitis virus MHV Murine 1947 [29] 

Middle East respiratory 

syndrome-related coronavirus 
MERS-CoV Camel 2012 [37] 

Severe acute respiratory 

syndrome coronavirus 
SARS-CoV Bat 2002 [38] 

Severe acute respiratory 

syndrome coronavirus 2 
SARS-CoV-2 Bat 2019 [13] 

Bat coronaviruses Bat CoV Bat 2002 [32] 

Gamma Infectious bronchitis virus IBV Avian 1930s [39] 

Turkey coronavirus TCoV Turkey 1951 [40] 

Delta Porcine deltacoronavirus PDCoV Pig 2012 [29] 

 

Epidemiological, biological and virological characteristics of coronaviruses are 

suggestive that contamination of animals by infected owners is highly probable but 

equally expected, due to the numerous opportunities to contact during an outbreak [21]. 

To support virus replication, CoVs use host intermediates to adapt the human receptors. 

In 2017, studies identified human SARS-CoV-like viral cells in bats, demonstrating the 

ability to infect humans. More than 60 chiropteran CoVs capable of infecting cultured 

human cells have also been identified [41]. 

In poultry, a few other types of coronavirus infection exist, such as Turkey Coronavirus 

(TCoV), Quail Coronavirus (QCoV), Guineafowl Coronavirus (GfCoV) and Faisant 

Coronavirus (PhCoV) [42]. Clinical presentations of infectious bronchitis virus (IBV), 

also an avian coronavirus, include respiratory and reproductive diseases. The determining 
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factors for the development of these symptoms depends on the environmental features of 

the birds, nutritional factors, age and genetic background [43]. 

Porcine epidemic diarrhea virus (PEDV) and transmissible gastroenteritis virus (TGEV) 

are alphacoronaviruses responsible for gastrointestinal disorders in pigs, such as porcine 

acute diarrhea coronavirus syndrome (SADS-CoV). Pig deltacoronavirus (PDCoV) also 

causes diarrhea, vomiting, anorexia and death in newborns [43]. There is another porcine 

alphacoronavirus that doesn't affect the gastrointestinal tract but the respiratory tract: 

porcine respiratory coronavirus (PRCV) [44].  

In terms of neurological and/or digestive pathologies, porcine haemagglutinating 

encephalomyelitis virus (PHEV) is the responsible agent [44].  

These animals are potential reservoirs of SARS-CoV and SARS-CoV-2 [42], however, 

according to Meekins et al. [45], none of the studies showed any virus transmission to 

other healthy pigs. 

Cattle, goats, sheep, buffalo, alpacas and llamas were found to be infected with Bovine 

Coronavirus (BCoV) which also induces respiratory pathology [42]. This virus had 

potential to induce severe clinical disease in several age groups of cattle, namely enteric 

disease in calves, enteric disease in adult cattle and respiratory disease at other age stages 

[43,44,46]. 

Domestic and wild felids are the carriers of Feline Coronaviruses (FCoVs), represented 

by two distinct types: FCoV type I, the most common circulating in domestic cat 

reservoirs and FCoV type II, the least prevalent epidemiologically [47].  

One of the most important viral diseases in cats caused by a coronavirus is Feline 

Infectious Peritonitis (FIP). Clinical signs include ocular and neurological signs. In the 

progressive form of FIP, there is abdominal distension and pleural effusion, and can result 

in the death of the animal in a period of weeks to months [43]. The World Small Animal 

Veterinary Association (WSAVA) Vaccination Guidelines Group has provided 

veterinary health professionals with information on the use of the FIP vaccine, however, 

there is no scientific basis to support that it induces immunity in cats against SARS-COV-

2.  

Canine alphacoronavirus coronavirus (CCoV) causes enteric infection [48] by CCoV 

type I or/and CCoV type II [49]. CCoV type I was discovered to be responsible for 

enteritis in puppies.  This virus subsequently mutated, resulting in the variant CCoV type 
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II [50]. Beta-coronavirus, is considered to be the etiological agent of Canine Infectious 

Respiratory Pathology (CIRD) [44]. 

1.3. Phylogeny and Genomics of SARS-CoV-2 

 
According to the World Organisation for Animal Health (WOAH) [51], COVID-19 is 

defined as an infectious disease caused by a new discovered coronavirus, SARS CoV-2. 

Coronavirus (CoV) are large single-stranded positive-sense RNA viruses with high 

mutation rates, after replicating, and also known as versatile and variable viruses [52].  

Structurally, the virus contains four proteins, the membrane (M), envelope (E), spike (S) 

and nucleocapsid (N) proteins. The N and S proteins are responsible for the development 

of specific antibodies (Figure 1a) [53].  

SARS-CoV-2 spike proteins S is similar to the other coronavirus spike proteins and is a 

type I membrane glycoprotein designed in the shape of a trimer (Figure 1b) [17].  

According to Zhang et al. [54], S protein binds to the angio-tensin-converting receptor 

enzyme 2 (ACE2) on a host cell and subtracts major structural rearrangements to promote 

membrane fusion. 

 

 

 

 

 

 

 

 

 

 

 

 

Figures 1- a) Coronavirus structure; b) SARS-CoV-2 spike protein structure. 

 

a) 

b) 
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SARS-CoV-2 mutations help to understand the diversity of the variant and their impact 

on virulence and pathogenicity, since the SARS-CoV-2 protein interacts with several 

human proteins, such as CUL2, ELOB, ELOC, MAP7D1, PPT1, RBX1, THTPA, 

TIMM8B, and ZYG11B, found in lung tissue [55]. 

The actual SARS-CoV-2 carries the most infectious D614G mutation, providing an 

advantage for SARS-CoV-2 ability of transmission [56], however, this variant is not 

responsible for the severity of the disease, as the pathogenic mechanisms are more than 

just infectious, due in part to the increased ability for human-to-human transmission [57]. 

1.4. Epidemiology of SARS-CoV-2 in animals 

1.4.1. Etiology and Epidemiology  

The SARS-CoV-2 is similar to bat coronavirus by over 95% and similar to SARS-CoV 

by over 70% [58], which allows for increased transmission capacity between species [59]. 

According to Sharun et al. [60], the possibility that SARS-CoV-2 had origin in bats exists, 

since this virus contains genomic characteristics similar to bat-CoV and considering also 

the greatest natural reservoir host of bat for virus in general, as with the rabies virus and 

many others. 

The prevalence of SARS-CoV infection has been high in farm animals, used for human 

consumption, such as masked palm civets (Paguma larvata), regarded as transitory 

incidental hosts and potential direct sources of human infection [61].  

The nearest non-human primate to develop SARS-CoV-2 infection is rhesus macaques. 

Being similar to humans in terms of phylogeny, these animals are an important link and 

model for tests and development of vaccines against COVID-19 studies [62]. The spread 

of SARS-CoV-2 in the natural habitat of wild animals carries negative implications, 

especially for endangered species [63]. The Table 2 lists several animals’ species and 

their location, infected by COVID 19 from 2020 to 2022, and Figure 2 illustrate the 

Europe countries where the positive cases appeared, in that period. 

Domestic cats are susceptible to being infected by SARS-CoV-1 and SARS-CoV-2 [64]. 

Consequently, they become reverse transcription polymerase chain reaction (RT-PCR) 

positive and develop serum antibodies [65]. China was the country where the first case of 

a cat testing positive for COVID-19 was found [66].  
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Table 2- List of animals infected with SARS-CoV-2, from 2020 to 2022, in several 

regions. 

 

 

Year Species Region/Country Number of positive animals Reference 

2020 
Dog 

 

Italy 1 [67]  

Hong Kong 
1 [68,70] 

2 [69,71]  

North America 21 [10,72] 

Argentina 4 [10,72] 

Japan 4 [10,72] 

Denmark 1 [67] 

2020 Cat 

Belgium 1 [11] 

 31 [10,72] 

Chile 3  
[10,72] Brazil 1 

Argentina 2 

Japan 2 

Germany 1 [11] 

 Russia 1 

Spain 1 [67] 

Switzerland 1 [67] 

France 2 [67] 

Belgium 3 [73] 

Hong Kong 4 [74,75] 

New York 15 [76] 

2020 Lion 
New York 

3 [51] 

6 [76] 

Barcelona 4 [51] 

2020 Tigers New York 
4 [51] 

5 [75,76] 

2020 
Nonhuman 

Primates 

United States of 

America 
2 [61] 

  Netherlands 9 [75] 

2020 Cougar South Africa 1 [51] 

2021 Primates California 3 [51] 

2022 
Dog 

Portugal 
7 

[13] 
Cat 15 
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Figure 2- Map of the Europe with signage of infected animals with COVID-19. Subtitles: 

red (Dogs); orange (Cats); grey (Minks); blue (Lions). 

 

1.4.2. Transmission of SARS-CoV-2 

As above mentioned, some studies suggest that bats are the vehicle of transmission of 

SARS-CoV and MERS-CoV, which justifies to proceed with investigations to ascertain 

if it was the original host of the of the actual SARS-CoV-2 pandemic and its potential for 

transmitting the disease (Figure 3) [77].  

 

 

 

 

 

 

 
 
 
 
 
 
 
 
Figure 3- Transmission of SARS-CoV-2 in different species, through the bat. 
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1.4.2.1. Animal to animal transmission 

Some CoV are capable to control some level of replication under specific environmental 

conditions, making them more receptive to their environments. In places with close health 

surveillance, such as zoos, the potential for SARS-CoV-2 to cross barriers is significantly 

reduced. In wildlife, close contact of multiple species is uncommon, making the spread 

of SARS-CoV-2 between animals being a challenge [78]. In poultry, for example, the 

transmission occurs from bird to bird (horizontal infection), and the potential of 

transmission through eggshells is being investigated [42]. 

1.4.2.2. Animal to human transmission 

Until now, there is no evidence of zoonotic transmission between dogs and cats and 

humans, existing only one route of transmission well established, from human to animal, 

once all infected animals have had contact with humans with COVID-19 positive [65]. 

In mink farms, clinical data collected and samples taken from oral, nasal and rectal swabs, 

tissues and blood tests indicated that these animals are extremely sensitive to infection by 

the virus, presenting from asymptomatic states to sudden death [79]. These animals were 

the first species to infect humans and other animals that were highly susceptible to SARS-

CoV-2 infection [45]. 

Frozen foods may represent a risk of SARS-CoV-2 transmission, as packages of cod, 

imported from China, showed signs of SARS-CoV-2 contamination. The importation and 

exportation, as well as the transport conditions of frozen and chilled fish, pose a threat of 

SARS-CoV-2 transmission [42]. There is still no evidence that cattle contributed to this 

transmission, but contact between infected people and animals causes anthropozoonotic 

infections [42]. 

1.4.2.3. Human to human transmission 

SARS-CoV-2 is transmitted by several ways. Human transmission occurs by contact with 

contaminated fomites, with another infected person or through aerosols. In this case, 

droplets are expelled and penetrate the nasal, ocular and oral mucous membranes [80]. 

The virus, according to Parry [81] is also transmitted by faeces and contaminated water. 

In humans, transplacental transmission in pregnant women infected with SARS-CoV-2 

occurs when infectious agents break the placental barrier, causing vertical transmission 

(from mother to fetus), resulting in complications for both, while the virus enters the cells 
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and reproduces, due to the presence of the SARS-CoV-2 virus in the amniotic fluid and 

fetal membranes, that may cause fetal death [82].  

1.4.2.4. Human to animal transmission 

The infection of animals with SARS-CoV-2 through direct contact with infected humans 

may have consequences for animal health and welfare, wildlife conservation and 

biomedical research. In the first mink farm infected with SARS-CoV-2, antibodies were 

detected in three of eleven cats, as a result of possible exposure to the virus from farm 

workers in the surroundings where the infected mink stayed [83].  

Regarding wild big felines, kept in captivity, the fact of being reservoirs in contact with 

humans, the risk of infection from human to animal is notorious [84].   

The first known domestic animals infected with SARS-CoV-2 were cats, dogs and ferrets, 

with cats and ferrets reported to be more susceptible to infection with SARS-CoV-2, 

compared to dogs [78]. In France, in a group of 22 cats, one was seropositive, confirmed 

by Enzyme-Linked Immunosorbent Assay (ELISA). These cats were from households of 

people suspected or confirmed to have SARS-CoV-2 infection [85]. In Portugal, between 

December 2020 and May 2021, 15 of 69 cats have tested seropositive to SARS-CoV-2, 

probably transmitted by their owners [13].  

The first dog that tested positive for SARS-CoV-2 was a 17-year-old German Spitz whose 

owner had characteristic symptoms of COVID-19 infection. Saliva and nasal discharge 

samples were collected from the dog in three days and analyzed by qPCR, showing small 

amounts of viral RNA in the three samples, indicating a relatively low viral load. 

However, serological screening revealed the presence of SARS-CoV-2 antibodies, 

indicating that the animal was infected with the virus and developed a specific immune 

response [21]. In July 2020, three free-roaming adult male dogs fed by the community, 

were tested for SARS-CoV-2, without any sign of infection. Two of them tested positive 

for at least two SARS-CoV-2 gene targets N1 and N2, by RT-qPCR. However, this study 

was performed during the actual pandemic and there is no information about the 

infectious period between human and animal diagnosis [86]. 
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1.4.3. Symptoms 

1.4.3.1. Exotic and wild animals 

Wild populations of great apes have been constantly threatened by respiratory tract 

pathologies, infected through humans. A group of Gorillas at a Zoo in San Diego 

presented coughing and nasal discharge and one of them developed pneumonia [87]. 

When infected with COVID-19, rhesus macaques show signs of pulmonary edema with 

an irregular breathing standard. Lung histopathology showed hyaline membranes, a 

finding not so recurrent in other experimental animals’ models [62]. 

Raccoon dogs were considered an interesting animal for SARS-CoV-2 infection 

investigation for developing subclinical acute infection with involvement of upper 

respiratory tract and for their ability to transmit SARS-CoV-2 infection to other raccoon 

dogs [45]. 

In exotics, such as ferrets, clinical signs observed during SARS-CoV-2 infection were 

anorexia and fever [42]. Murine hepatitis virus (MHV) can induce hepatitis, enteritis and 

neurological diseases, specifically in rodents [43]. However, according to Meekins et al. 

[45] and Clayton et al. [15], not having a large number of people keeping ferrets as pets, 

makes them less susceptible to control and concern. However, is recommendable 

avoiding contact of infected people with them. Hamsters are also characterized as a 

promising animal model for studies on SARS-CoV-2 infection, since, among the animal 

species analyzed, all presented moderate to severe clinical signs, and may also be targets 

of terminal acute disease, with respiratory tract disorders [45]. 

There are no reports yet on natural infections between rabbits and humans, since there is 

no evidence of clinical signs during a possible infection [45]. 

In South Africa, at 2020, two pumas showed gastrointestinal and respiratory signs. One 

year after, three lions suffered respiratory signs. Viral RNA was detected in the upper 

respiratory tract and in the faeces of both animals [84]. As well, six lions and three tigers 

tested positive for COVID-19, possibly infected by their handler [86]. 
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1.4.3.2. Poultry 

Infectious bronchitis virus affects the respiratory, urinary and reproductive tracts of 

poultry, resulting in decreased production and egg quality [42,87]. 

1.4.3.3. Cats 

In cats, the virus is able to multiply and replicate in the upper respiratory tract, causing 

respiratory pathology [15], as well as gastrointestinal signs, like diarrhea and vomiting 

[89]. 

Recent studies suggest that cats previously infected with SARS-CoV-2 develop only 

partial immunity to the virus but do not transmit the virus to other healthy cats [85]. 

1.4.3.4. Dogs 

In the opposite of cats, dogs have low susceptibility to SARS-CoV-2 infection. Until now, 

there is no proof of disease transmission among dogs, even though there is limited viral 

replication in infected dogs [45]. In Spain, 40 dogs with clinical pulmonary signs were 

tested for SARS-CoV-2 together with 20 presumed healthy dogs. Antibodies to COVID-

19 were discovered in 5 healthy dogs and in one sick dog. These dogs lived in the 

households of people who were positive for the infection with COVID-19 [85]. In 

Portugal, according to Barroso et al. [13], a study showed that 7 out of 148 dogs were 

seropositive, probably associated to positivity for COVID-19 in owners. Clayton et al. 

[15] reports that Beagles infected with SARS-CoV-2 showed poor replication of the virus 

in major organs and tissues, resulting in equally poor transmission between them. 

1.5. Diagnosis of SARS-CoV-2 in animals 

Although, the first diagnostic studies to detect SARS-CoV-2 were focused on humans, 

nowadays we can study and detect the infection in animals through serological and 

molecular assays [13]. 

According to the Centers for Disease Control and Prevention (CDCP) [90], tests for 

SARS-CoV-2 in animals are available on the market, however, it is the health authority 

who decides when it is necessary to test the animals. Although RT-PCR is a highly 

sensitive test method, according to Parry [81], a positive result only indicates the presence 

of viral nucleotides in the sample, not an active infection [91]. 
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1.6. One Health concept 

The concept of One Health, according to Sellars et al. [92], is "a policy framework that 

seeks to promote human, non-human and environmental health simultaneously", in other 

words, with the outbreak of the SARS-CoV-2 pandemic, health paradigms have been 

changed, so health cannot be addressed only to humans but also to the interrelation 

between humans, animals, plants and the environment [93].  

According to Jørgensen and Das Neves [94], about 75% of emerging infectious diseases 

come from wild animals, being the bats the source of zoonotic and pandemic viruses such 

as Ebola, all SARS and MERS, among others. 

The knowledge and control of new zoonotic infections, together with an implementation 

of a greater One Health approach, is crucial for the early treatment of these pathological 

conditions [60]. 

1.7. Study purposes 

The close contact between humans and domestic cats  raises concerns about the potential 

risks of SARS-CoV-2 transmission. Thus, this study aims to investigate anti-SARS-CoV-

2 IgG seroprevalence in client-owned cats from Portugal and determine the infection risk 

of cats that maintain contact with human COVID-19 cases.  
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CHAPTER II - MATERIAL AND METHODS 

2.1. Animal Recruiting and Sampling 

Convenience sampling was used to select veterinary centers (clinics and hospitals) for 

this investigation as we were living a pandemic and with long periods of confinement and 

conditional travel. Eighteen veterinary centers from mainland Portugal were invited by 

email to participate in this study. Veterinary centers (8/18) that agreed to collaborate, 

received detailed instructions for sample collection and storage, informed consent 

(Appendix I), and a link to get access to an online questionnaire for owners. 

During health care visits, veterinary practitioners from collaborating veterinary centers 

invited cat owners to participate in the study. Cat owners who agreed to collaborate, 

answered an online questionnaire designed to collect background information. Blood 

samples were collected according to veterinary norms into dry tubes and then centrifu-

gated at 500 Relative Centrifugal Force (RCF) for 10 minutes. Supernatants were 

transferred to a 2 millilitres (mL) microtubes and stored at −20 degrees Celsius (◦C) until 

sent to Escola Superior Agrária de Viseu (ESAV) laboratory. Sample collection took 

place between November 2020 and October 2021. 

2.2. Background Data Collection 

A questionnaire was developed using an online platform (Google Forms® , Google LLC, 

Mountain View, California, United States) to collect data from each cat and household. 

The questionnaire was prepared in Portuguese language and consisted of 29 questions, of 

which 27 were closed-ended (dichotomic, multiple choice) and two were openended. The 

questionnaire covered five main topics, specifically: characterization of households, 

including human and animal elements and human–animal interaction (11 questions); 

characterization of sampled cats, including full signalment, lifestyle, prophylactic, and 

medical history (13 questions); and diagnoses of COVID-19 in cat owner and/or in other 

human members of the household (2 dichotomic questions, Yes/No). If respondents 

answered Yes to one of these two questions, they would answer questions on another 

topic designed to characterize COVID-19 diagnoses and interaction with the cat during 

the period of isolation (three questions). For internal validation, the questionnaire was 

evaluated by the authors (Appendix II). 
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2.3. Detection of anti-SARS-CoV-2 IgG antibodies 

Serum samples were screened for antibodies against the nucleocapsid (N protein) of 

SARS-CoV-2 using a commercial and already validated multi-species indirect ELISA 

(figure 4a), according to manufacturer instructions. Reading was performed at a 

wavelength of 450 nanometers (nm) on a microplate reader MB 580 (Heales, Shenzhen 

Huisong Technology Development Co., Ltd, China) (Figure 4b). 

 

Figure 4- a) ID screen SARS-CoV-2 Double Antigen Multi-Species; b) Microplate 

reader. 

2.4. Data Processing and Statistical Analysis 

Data collected from Google Forms® and serologic analyses were downloaded in a 

database (Microsoft Excel 2016®; Microsoft Corp., Redmond, Washington, USA). 

Statistical analysis was performed with SPSS v.27.0 (IBM Corp., Armonk, New York, 

USA, 2020). Descriptive statistics were used to analyze data. Odds ratio was calculated 

to evaluate the association between cat exposition to human COVID-19 cases and the 

presence of antibodies against SARS-CoV-2. Homes where at least one person tested 

positive for SARS-CoV-2 were classified as COVID-19 positive households and those 

without confirmed human cases of COVID-19 were classified as COVID-19 negative 

households. 

 

 

 

(a) (b) 
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CHAPTER III - RESULTS  

3.1 Geographic Distribution of the Sampled Cats 

A total of 176 cats, belonging to 94 different households were sampled. Serum samples 

were obtained from 10 (of the 18) districts of mainland Portugal, although most were 

collected in the districts of Porto (44.9%) and Braga (26.7%) in North region of Portugal. 

Three out of 176 cats (1.7%) tested positive for antibodies against SARS-CoV-2, one 

from Porto, another from Braga and another from the district of Évora, located in the 

south, in Alentejo region. Most serum samples (65.0%) were obtained between June and 

August 2021, although the collection period was extended until the end of October 2021. 

Of the 10 districts investigated, there was a greater number of human COVID-19 cases 

in the districts of Porto and Braga at the end of serum sample collection period (Figure 

5).  

The number of sampled cats by household was variable, but in the most of the households 

(79.8%) only one cat was screened. In 10.6%, 2.1%, 2.1% and 1.1% of the households, 

two, three, four and five cats were sampled, respectively. In four households it was 

possible to collect blood from 10, 13, 16 and 21 cats during veterinary medical care 

provided at home. 
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Figure 5- Geographical distribution of sampled cats and cumulative human COVID-19 

cases. (a) The number of sampled cats by district is shown by the color gradient, as 

indicated in the legend. The district of residence of SARS-CoV-2-positive cats is marked 

with a circle. (b) The number of cumulative human COVID-19 cases at the end of October 

2021 by district is shown by color gradient, as indicated in the legend. 

 

3.2. Characterization of Households 

 Background information about 94 households was obtained using an online 

questionnaire. Most cat owners were female (86.2%), 43.6% aged between 30-50 and 

29.8% between 50-70 years old. Regarding educational qualifications, 28.7% of the cat 

owners had a degree and 26.6% attended secondary education. As for professional 

activity, most cat owners were employed (73.4%) and 14.9% were retired. 

a) b) 
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Forty-seven households (50.0%) lived in Porto, 13 (13.8%) in Évora and 12 (12.8%) in 

Braga districts. Regarding size, investigated households were composed by 2.6 ± 1.2 

(mean ± standard deviation) human members. Most households (84.0%) had other pets 

in addition to the sampled cat(s), namely cats (30.9%) and dogs and cats (26.6%) 

(Appendix III). 

3.2.1. COVID-19 Positive Households 

In total, 20 (21.3%) households reported at least one confirmed case of human COVID-

19 and were classified as positive households. Specifically, fifteen cat owners (16.0%) 

were diagnosed with COVID-19, and in 18 (19.1%) households others human members 

were diagnosed with COVID-19. According to owners, the diagnoses of human COVID-

19 cases were performed by RT-qPCR from nasopharyngeal or oropharyngeal swabs 

(90.0%), blood collection for serology (5.0%) or rapid antigen test from nasopharyngeal 

or oropharyngeal swab (5.0%). Human COVID-19 diagnoses were carried out after 

January 2021 (55.0%), between October-December 2020 (35.0%) and between April-

September 2020 (10.0%).  

COVID-19 positive households lived in Porto (45.0%), Aveiro (10.0%), Viseu (10.0%), 

Setúbal (10.0%), Évora (10.0%), Braga (5.0%), Beja (5.0%), and Faro (5.0%) districts. 

Of the 176 sampled cats, 136 (77.3%) belonged to COVID-19 negative households and 

40 (22.7%) to COVID-19 positive households. The prevalence of seropositivity in cats 

from COVID-19 positive households was 5.0% (2/40) and from COVID-19 negative 

households was 0.7% (1/136), which correspond to an odds ratio of 7.2 (Figure 6). 

 

 

Figure 6- SARS-CoV-2 seropositivity among cats from COVID-19 positive and negative 

households. 
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3.2.2. Characterization of Cats  

Background information of the 176 cats were obtained using an online questionnaire that 

allowed the full characterization of animals, including signalment, environment, clinical 

status, including the appearance of clinical signs or behavioral changes during COVID-

19 pandemic and human-animal interaction before pandemic and after the diagnoses of 

COVID-19 human cases in the household (Appendix IV). 

Most cats were female (52.8%), non-fertile (93.2%) and European Shorthaired (84.7%). 

Regarding to age, 45.5% of cats had between 1-5 and 39.2% between 5-10 years old. 

Most cats lived exclusively indoor (77.9%) and 20.5% had an indoor/outdoor lifestyle.  

Concerning human-animal contact, most owners reported interacting with their cats 

through playing, petting, and cuddling (96.0%). Owners stated that their cat(s) rested on 

their lap (72.2%) and shared the bed (65.9%) and the sofa (64.8%) with them. Only one 

owner (0.57%) reported little interaction with her cat. Regarding frequency of interaction, 

most owners (48.3%) reported they interacted with the cat throughout the day and 46.0% 

during part of the day, for example at night. Only 6.25% of cat owners said they interacted 

only occasionally with the cat. 

According to the owners, most cats were vaccinated annually (78.4%) and dewormed 

every three months (68.8%). Twenty-two cats (12.5%) had a chronic disease, namely 

kidney or liver disease (n=5), retroviral infection (n=5), heart disease (n=4) and 

gingivostomatitis (n=2), and nine of them received medication, namely food supplements 

for oral hygiene, feline idiopathic cystitis, behavior supplement and immunomodulators, 

as well as steroidal and non-steroidal anti-inflammatory drugs. According to their owners, 

17.6% of cats experienced clinical or behavior changes during COVID-19 pandemic. 

Most reported changes were behavioral (67.7%), respiratory (6.5%) and digestive (6.5%). 

3.2.3. SARS-CoV-2 Seropositive Cats 

The three SARS-CoV-2 seropositive cats were neutered or sterilized, had an indoor or 

mixed indoor/outdoor lifestyle and cohabited with other animal species. Owners of Cat 1 

and Cat 2 stated that they established close and frequent interaction with their cats and 

that after the diagnoses of human COVID-19 cases, household members maintained the 

same type and frequency of contact with cats. Owners did not notice clinical signs 

(respiratory, gastrointestinal, conjunctivitis or others) or behavior changes. Cat 3 was 



 

20 
 

infected with Feline Immunodeficiency Virus (FIV), had a basal cell carcinoma, and 

received corticosteroids (Table 3). 

Table 3- Characterization of SARS-CoV-2 seropositive cats. 

 
  Cat 1 Cat 2 Cat 3 

Signalment 

Sex Female Male Male 

Reproductive status Neutered Spayed Spayed 

Age (years) 1-5 <1 >10 

Breed European shorthair European shorthair Siamese 

Environment 
Lifestyle Indoor Indoor Indoor/outdoor 

Co-habitants Dog, cat Dog, cat Dog, cat, bird 

Clinical status 

Vaccination Yes, annually Yes, annually No 

Deworming Yes, every 3 months Yes, every 3 

months 

Occasionally 

Chronic disease / 

treatment 

No No Yes, FIV, basal 

cell carcinoma / 

corticosteroids 

Clinical signs or 

behavior changes 

during the 

pandemic  

No No No 

Interaction 

with humans / 

Frequency of 

interaction 

Before the 

pandemic 

Playing, petting, and 

cuddling 

Rest on the lap 

Sleep in bed / 

All day 

 

Playing, petting, 

and cuddling 

Rest on the lap 

Sleep in bed / 

All day 

 

Playing, petting, 

and cuddling 

Rest on the lap / 

During a period of 

the day 

 

After COVID-19 

diagnoses 

As usual As usual - 

 

ELISA testing of the three SARS-CoV-2 seropositive cats presented a S/P% of 136.7343 

(OD=1.7203), 242.0433 (OD=2.3851) and 145.144 (OD=1.7498). S/P% mean ± standard 

deviation of seropositive cats was 174.6405 ± 58.5237 (OD=1.9517 ± 0.3756), while 

S/P% of seronegative cats was 3.3105 ±4.8963 (OD= 0.1589 ± 0.0539). No cats tested 

doubtful. OD mean ± standard deviation of negative controls was 0.1400 ±0.0369 and of 

positive controls was 1.2010 ± 0.0994 (Figure 7). 
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Figure 7- Anti-SARS-CoV-2 antibody screening results by ELISA. S/P% of negative 

samples (NS) and positive samples (PS) are represented by bar graph showing mean + 

standard deviation. The dotted line represents S/P% cutoff. 

 

The owner and other human members of two SARS-CoV-2 seropositive cats (Cat 1 and 

Cat 2) were diagnosed COVID-19 positive by RT-qPCR between October 2020 and 

January 2021 (it was not possible to determine the exact date). Four cats from Cat 1 

household were screened for antibodies against SARS-CoV-2, but none tested positive. 

Although there were other pets (dogs and cat) in Cat 2 household, only Cat 2 was tested. 

The COVID-19 negative household of Cat 3 had other pets (cats, dogs, and birds), but 

only Cat 3 was screened for anti-SARS-CoV-2 antibodies. The time interval between 

COVID-19 diagnoses in the household human members of Cat 1 and date of Cat 1 blood 

sampling was eight months. It was not possible to obtain the exact diagnose date of 

COVID-19 human cases of Cat 2 and Cat 3 households. 
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CHAPTER IV - DISCUSSION 

A considerable number of studies indicated that domestic cats are highly susceptible to 

experimental and natural SARS-CoV-2 infection [9,10,95,96]. There are approximately 

1.4 million domestic cats in Portuguese homes [97] where owners establish daily contact 

with them, like playing, petting, and grooming [98].  

Previous studies have found a low prevalence of SARS-CoV-2 positive cats by RT-qPCR 

[99,100,101], but serological studies have revealed higher seroprevalences [13,102]. 

Thus, serological tests seem to be preferred when the objective is to determine the SARS-

CoV-2 exposition in companion animals. However, as cats can be infected by FCoV, 

another coronavirus genetically distinct from SARS-CoV-2, the possibility of cross-

reactions has been raised [102]. Nevertheless, some studies have already ruled out 

serological cross-reactivity of FCoV-specific antibodies with SARS-CoV-2 

[18,103,104], reinforcing the usefulness of serological methods to identify exposure to 

SARS-CoV-2.  

In this study we determined anti-SARS-CoV-2 IgG seroprevalence in a sample of 176 

cats belonging to 94 households of mainland Portugal. The restrictions imposed by the 

pandemic, the news of euthanasia and abandonment of thousands of pets [105], the 

functioning of veterinary centers and the uncertainty about the role of companion animals 

in the spread of the virus may justify the poor adherence of veterinary centers to the study.  

Published serological studies have shown distinct seropositivities in companion animals 

related to human infection [101,104,106,107]. In our study, the overall seroprevalence 

was 1.7%. At the end of October 2021, when the collection of serum samples ended, the 

cumulative cases of human COVID-19 in Portugal was 1,09 million. Seropositivity found 

in this study is slightly higher than the seroprevalence found in the first large scale survey 

conducted in Germany from April to September 2020, a period when the incidence of 

human COVID-19 in the country was still rather low [104]. However, the seroprevalence 

obtained in the present work was much lower compared with the seroprevalence obtained 

in another Portuguese study (21.7%) [13] that collected samples from 69 cats between 

December 2020 and May 2021 in the districts of Braga, Porto, and Lisboa. The 

differences may be related to sampling method, period of serum sample collection, 

geographical distribution of sampled cats and the use of distinct ELISA assays with 

different specificities and sensitivities in the two studies.  
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In this study, of the 10 districts surveyed, there was a greater number of human COVID-

19 cases in the districts of Porto and Braga at the end of serum sample collection period. 

Not surprisingly, the three SARS-CoV-2 seropositive cats were identified in these three 

districts. 

Considering COVID-19 status, our study included 20 negative and 76 positive 

households. Of the three seropositive cats identified in this study, two belonged to 

COVID-19 positive households and one cat lived in a COVID-19 negative household. 

Thus, the seropositivity observed in cats from COVID-19 positive households was 5.0% 

and in cats from COVID-19 negative households was 0.7%. Several studies have already 

reported the infection of cats following natural exposure to infected people [103,108]. In 

line with this, high seropositivities were observed in cats living in COVID-19 positive 

households [8,99,109]. As such we hypothesize that the most likely source of infection 

of the two seropositive cats from COVID-19 positive households identified in this study 

was the contact with human infected members (“reverse zoonosis”). Indeed, both cats had 

an exclusively indoor lifestyle, which limits the possibility of infection in another 

environment.  

However, the source of infection of the cat with mixed indoor/outdoor lifestyle belonging 

to the COVID-19 negative household is more difficult to identify but there are the 

possibilities of infection via SARS-CoV-2 environmental contamination or cat-to-cat 

transmission [110,111,112]. Furthermore, cat-to-cat transmission in natural conditions is 

consistent with experimental studies that proved virus transmission from infected to naive 

cats via the airborne route [8,9,95,113]. Meanwhile, other studies had already reported 

the presence of seropositive cats with outdoor access living in COVID-19 negative 

households [13,113].  

Determination of antibody longevity is crucial to evaluate humoral response to SARS-

CoV-2 under natural conditions. Experimental studies determined that cats seroconverted 

7 to 14 days post infection [9], however the duration of antibodies is unknown. In the 

present study one cat tested positive eight months after the diagnoses of COVID-19 in 

human household members, suggesting longer antibody longevity.  

One of three seropositive cats identified in this study was co-infected with FIV. Viral co-

infection was already reported in other studies [13,111] and may play an important role 

in the susceptibility and clinical outcome of SARS-CoV-2 infected cats [13]. However, 

in this study all SARS-CoV-2 seropositive cats, including the FIV-co-infected, were 
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apparently asymptomatic, as their owners did not notice any clinical sign or behavioral 

change. Probably, the nonspecific, mild, and reversible character of the clinical signs 

associated with COVID-19 in companion animals [108] prevented the recognition of the 

disease by cat owners or it can be speculated that the chronic administration of 

corticosteroids to this cat, due to a neoplasm, may have contributed to decreasing the 

inflammation associated with SARS-CoV-2 infection and the manifestation of clinical 

signs, although the beneficial effect of this drug in humans with COVID-19 is 

controversial [114]. 
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CHAPTER V - CONCLUSION AND CHALLENGES 

The emergence of the SARS-CoV-2 virus had a great worldwide impact, since there was 

no knowledge of its etiology and epidemiology, requiring quick and assertive methods to 

identify alternatives for treatment and improve prevention measures. Since pets are 

becoming more and more an integral part of most families all over the world and large 

and wild animals are often our work base, emerge the importance of studying the ability 

of infection of this recent virus in animals.  

During the review and research work for the present dissertation, it was possible to 

stablish that the coexistence between humans and animals is crucial for the spread of the 

virus, being the transmission from humans to animals the most important route in the 

transmission chains. 

It is still premature to estimate the effects of SARS-CoV2 on the above-mentioned target 

species, especially in co-infection with viruses shared among the species, while the 

severity of the health status of co-infected cats, especially FIP, FIV and FeLV, is already 

known. In order to stop the transmission of this virus, it is clear the requisition of 

preventive measures, such as washing and disinfecting hands before and after handling 

the animal, reducing cohabitation and/or wearing mask and gloves and keeping the cats 

indoors during quarantine while the owner/handler is infected.  

Also, the authors of the present work advocates inspection and regulation of services by 

veterinary authorities to ensure reduction of virus transmission and animal welfare. 

However, this study highlights the low risk of SARS-CoV-2 transmission from COVID-

19 positive human household members to domestic cats, even in a context of close and 

frequent human-animal contact.  
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Appendix I- Informed Consent Statement. 
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Appendix II- Online questionnaire. 

 
Topics Question Options Type of Question 

    

Owner’s 

information 

 

 

Owner’s gender 
Male/Female/I don't want to answer 

 
Multiple choice 

Owner’s age 

From 18 to 30 years old/From 30 to 50 years 

old/From 50 to 70 years old/Over 70 years old 

 

Multiple choice 

Owner’s actual 

residence 

 

Viana do Castelo/Braga/Vila 

Real/Bragança/Porto/Aveiro/Viseu 

Guarda/Coimbra/Castelo Branco 

Leiria/Lisboa/Santarém/Portalegre 

Setúbal/Évora/Beja/Faro 

 

Multiple choice 

City of residence  Open-ended 

Owner’s Academic 

qualifications 

 

Elementary School (1st Cycle) 

Elementary School (2nd Cycle) 

Elementary School (3rd Cycle) 

Secondary Education/Graduation 

Bachelor’s degree/Master's Degree 

PhD (Doctorate)/Other 

 

Multiple choice 

Owner’s professional 

activity 

Student/Employed/Unemployed 

Retired 

 

Multiple choice 

Number of members in 

the household 
 Open-ended 

Do you have other 

pets? 

 

Yes/No Dichotomic 

If the answer is yes, 

please list the species 
Dog/Cat/Ferret/Birds/Other Multiple choice 

How does the 

household normally 

interact with your cat? 

Not much interaction (feeding, watering, 

cleaning the cat's litter box)/ Play, petting, and 

cuddling/Rested on the lap/Share the 

bed/Share the sofa/Other 

Multiple choice 

How often do you 

usually give attention 

to the cat? 

All day long/During a part of the day, e.g., in 

the evening/Only in some moments of the 

day/We do not usually provide any attention 

to the cat/Other 

 

Multiple choice 

Cat 

Status Non-neutered/Non-spayed/Neutered/Spayed Multiple choice 

Gender Female/Male Dichotomic 

Age 
Under 1 year/From 1 to 5 years/From 5 to 10 

years/More than 10 years 
Multiple choice 

Breed 

Persian/Maine Coon/Siamese/Scottish 

Fold/Norwegian Forest/British 

Shorthair/Bengal/ European Shorthaired 

/Other 

Multiple choice 

Is the cat mainly indoor 

(stays inside) or 

outdoor (have access to 

the road)?  

Indoor/Outdoor/Indoor and Outdoor Multiple choice 
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Do you usually 

vaccinate your cat once 

a year? 

Yes/No Dichotomic 

What about 

deworming? How often 

do you do it? 

Every 3 months/Every 6 months/Every 

year/When possible/I do not usually do it 
Multiple choice 

Did your pet show any 

unusual clinical signs 

and/or behavior change 

since the beginning of 

the pandemic? 

Yes/No Multiple choice 

If the answer is yes, 

please specify which 

ones 

Respiratory disease (coughing, runny nose, 

sneezing, runny eyes, dyspnea)/Apathy/ 

Fever/Digestive disorders (diarrhea, 

vomiting)/Skin problems/Loss of weight/ 

Loss of appetite/Behavioral disorders/ 

Conjunctivitis/Other 

Multiple choice 

Does your animal 

present any chronic 

disease? 

Yes/No/I don't know Multiple choice 

If the answer is yes, 

which one/what one? 

Diabetes/Kidney/hepatic disease/Joint disease/ 

FIV/FeLV/Heart disease/Hypothyroidism 

/Gingivostomatitis/Other 

Multiple choice 

If the answer is yes, is 

monitoring therapy 

performed for that 

chronic disease? 

Yes/No Dichotomic 

If the answer is yes, 

what is the name of the 

medicine? 

 Open-ended 

COVID-19 

Has the owner been 

diagnosed for COVID-

19? 

Yes/No Dichotomic 

Has another member of 

your household been 

diagnosed with 

COVID-19? 

Yes/No Dichotomic 

How was the diagnosis 

performed for COVID-

19? 

With nasopharyngeal or oropharyngeal swab 

for PCR test/With nasopharyngeal or 

oropharyngeal swab for rapid test/With blood 

sampling for serological test (antibodies) 

Multiple choice 

During which period(s) 

did you obtain positive 

test(s)? You can select 

more than one option: 

1st wave (April 2020-September 2020)/2nd 

wave (October 2020-December 2020)/3rd 

wave (from January 2021) 

 

Multiple choice 

During the time when 

the household member 

was living with 

COVID-19, did he/she 

interact with the cat? 

As usual/Reduced interactions/Reduced 

interactions and used protection (mask, 

gloves) while interacting/Did not 

interact/Other 

Multiple choice 
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Appendix III- Characterization of household, including demographics and household 

composition (n=94, otherwise n value is presented). 

 
 Characteristics Percentage (%) 

Demographics 

Sex 
Female 

Male 

86.2 

13.8 

Age (years) 

18-30 

30-50 

50-70 

>70 

21.3 

43.6 

29.8 

5.3 

Educational 

qualification 

Basic education 

High school 

Degree 

Master 

Other 

20.2 

26.6 

28.7 

17.0 

7.5 

Professional 

activity 

Employed 

Retired 

Unemployed 

Student 

73.4 

14.9 

7.4 

4.3 

District of 

residence 

Porto 

Évora 

Braga 

Viseu 

Aveiro 

Beja 

Setúbal 

Portalegre 

Viana do Castelo 

Faro 

50 

13.8 

12.8 

5.3 

5.3 

4.3 

3.2 

3.2 

1.1 

1.1 

Household 

Human 

membres 

1 

2 

3 

4 

Other 

14.9 

38.3 

21.3 

21.3 

4.2 

Pets (n=79) Dog 

Cat 

Bird 

58.2 

38.0 

3.8 
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Appendix IV- Characterization of sampled cats. n=176, otherwise n value is presented. 

 

 Characteristics 
Percentage 

(%) 

Signalment 

Sex 
Female 

Male 

52.8 

47.2 

Reproductive status 
Fertil 

Non-fertil 

6.8 

93.2 

Age (years) 

1-5 

5-10 

>10 

45.5 

39.2 

15.3 

Breed 

 

European shorthair 

Siamese 

Persian 

Norwegian Forest cat 

Other 

84.7 

5,7 

4.5 

0.6 

4.5 

Environment 

Lifestyle 

 

Indoor 

Indoor/oudoor 

Outdoor 

77.8 

20.5 

1.7 

Other animals 
Yes 

No 

91.5 

8.5 

Co-habitant pets 

(n=161) 

 

Dog, cat 

Cat 

Dog 

Other 

48.4 

30.4 

9.3 

11.9 

 

 

Clinical 

status 

Annual vaccination 
Yes 

No 

78.4 

21.6 

Deworming 

Yes, every 3 months 

Yes, every 6 months 

Yes, annualy 

Ocasionally 

No 

68.8 

15.9 

8.5 

4.5 

2.3 

Chronic disease 

No 

Yes 

Don`t now 

80.1 

12.5 

7.4 

Type of chronic 

disese (n=22) 

Kidney/liver disease 

Retroviral infection 

Heart disease 

Gingivostomatitis 

Hipotiroidism 

Other 

22.7 

22.7 

18.2 

9.1 

4.5 

22.7 

Medication (n=9) 

Food suplements (oral 

hygiene, feline idiopathic 

cystitis, behavior, 

immunomodulators) 

66.7 
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Non-steroidal anti-

inflammatory drugs 

Steroidal antiinflamatory 

drugs 

22.2 

 

11.1 

Clinical signs or 

behavior changes 

during the 

pandemic, and type 

(n=31) 

No 

Yes 

Behavioral changes 

Weight loss 

Respiratory clinical signs 

Appetite loss 

Digestive clinical signs 

Conjuntivitis 

Fever 

Skin problems 

Other 

82.4 

17.6 

67.7 

9.7 

9.7 

6.5 

6.6 

6.5 

3.2 

3.2 

6.5 

Interaction 

with humans 

Before pandemic, 

type of interaction 

 

 

 

Playing, petting, and 

cuddling 

Rest on the lap 

Share the bed 

Share the sofa 

Other 

96.0 

 

72.2 

65.9 

64.8 

13.7 

Before pandemic, 

frequency of 

interaction 

 

All day 

Part of the day 

Ocasionally 

Did not interact 

48.3 

46.0 

6.25 

0.57 

After household 

human COVI-19 

diagnoses (n=36) 

As usual 

Reduced interaction 

Did not interact 

86.1 

11.1 

2.8 

 

 


