






















 229 

Pathology 230 

Gross lesions were not observed in any of the necropsied cats. Histologically, in both cats 231 

sacrificed at 5 DPI from Cohort 1, moderate ulcerative, suppurative lymphoplasmacytic rhinitis 232 

was observed in the nasal turbinates along with mild lymphoplasmacytic tracheitis. These cats 233 

also had minimal alveolar histiocytosis with edema and one of the cats had rare type II 234 

pneumocyte hyperplasia (Figure 2). All three cats from Cohort 1 sacrificed 42 DPI had mild lung 235 

changes, including mild interstitial lymphocytic pneumonia with peribronchiolar and 236 

perivascular lymphocytic cuffing and alveolar histiocytosis. Two of these cats also had minimal 237 

tracheitis, but largely the lesions in the upper respiratory tract appear decreased in comparison to 238 

the early timepoint cats, while lung pathology was more evident in these animals compared to 239 

those sacrificed during acute infection. Dogs were not euthanized at the time of this report.  240 
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Figure 2: SARS2 exposure results in acute upper respiratory inflammation and mild lung 242 

infiltrates during later courses of infection. 243 

Panel A: Cat 43, trachea 5 DPI. The submucosa is expanded by edema (arrow) and abundant 244 

lymphocytic inflammatory infiltrates (asterisks) which dissect and disrupt submucosal glands. 245 

Hematoxylin & eosin stain. 100x magnification.  246 

Panel B: Cat 70, nasal turbinates 5 DPI. Normal thickness respiratory mucosa is present in the 247 

section (open arrow).  Nasal respiratory epithelium ranges from hyperplastic (filled black arrow) 248 

to ulcerated (arrowhead). The submucosa in regions of ulceration is edematous and infiltrated by 249 

scattered neutrophils and mononuclear cells. Hematoxylin & eosin stain. 40x magnification.  250 

Panel C: Cat 70, nasal turbinates, 5 DPI. Nasal respiratory epithelium ranges from attenuated 251 

(arrow) to ulcerated (arrowhead) with overlying remnant cellular debris. The submucosa 252 

(asterisk) in regions of ulceration is edematous and infiltrated by scattered neutrophils and 253 

mononuclear cells. Hematoxylin & eosin stain. 100x magnification.  254 

Panel D: Cat 56, lung, 42 DPI. Alveolar spaces (A) contain scattered mononuclear cells (arrow). 255 

The alveolar wall is expanded by mixtures of mononuclear cells and occasional neutrophils 256 

(asterisk). Hematoxylin & eosin stain. 400x magnification. 257 

 258 

Seroconversion 259 

Cats in both Cohort 1 and the direct contact cats developed neutralizing activity as measured by 260 

PRNT as early as 7 DPI. Neutralizing titers in all cats reached or exceeded 1:2560 by 14 DPI and 261 

either maintained or increased in titer between 28 and 42 DPI. Cats re-challenged at 28 DPI 262 

displayed a moderate increase in PRNT titer in the 14 days following exposure (Table 1). Dogs 263 
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developed neutralizing antibodies by 14 DPI and peaked at 21 DPI with titers between 1:40-1:80 264 

(Table 1). 265 

 266 

Table 1: PRNT90 values for cats and dogs 267 

Animal 0 DPI 7 DPI 14 DPI 21 DPI 28 DPI 42 DPI 

Cat 56 (Cohort 1) <50% 320 5120 2560 2560 10240 

Cat 57 (Cohort 1) <50% 80 5120 2560 2560 5120 

Cat 58 (Cohort 1) <50% 80 2560 2560 1280 5120 

Cat 43 (Cohort 2) <50%           

Cat 70 (Cohort 2) <50%           

Cat 44 (Cohort 2) <50% NT 2560 5120 5120   

Cat 69 (Cohort 2) <50% NT 2560 1280 10240   

Dog 46  <50% <10 10 40 40 80 

Dog 47 <50% 10 80 20 20 40 

Dog 48 <50% <10 20 40 20 20 

 268 

IgG antibodies responses exceeding OD490 cut off values were detected at day 7 PI against both 269 

the complete spike glycoprotein and RBD in all experimentally inoculated cats, and 270 

seroconversion against NP was detected in 2 of 3 cats at this time.  By day 14 all five cats had 271 

OD values that neared upper limit of detection in the Spike ELISA; RBD and NP OD saturation 272 
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was obtained by day 21 and did not increase following re-exposure (Figure 3).  Rates of 273 

seroconversion and absorbance levels were similar between contact cats and experimentally 274 

infected cats.  Seroconversion to spike protein was most rapid and robust, and the specificity of 275 

response to RBD exceeded that of NP.  Seroconverted cat OD values for all three antigens 276 

exceeded absorbances of SPF or field domestic cats, and background was highest for NP.  IgM 277 

antibodies against RBD were detected at days 7 and 14 but not at day 28.  IgG responses were 278 

much more robust than IgM (Figure 3). ELISA assays were not performed on dog sera. 279 

 280 
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Figure 3.  Cats infected with SARS CoV-1 rapidly develop antibodies against viral 293 

antigens.  (A) Sera from cats with intranasal inoculation of SARS CoV-2 (n=3, ‘EI’) or exposed 294 

to inoculated cats (n=2, ‘C’) were evaluated for seroreactivity to receptor binding domain 295 

(RBD), Spike, or nucleocapsid protein (NP) for 30-42 days post exposure.  IgG Reactivity to 296 

Spike and RBD was evident at day 7, and all animals had clearly seroconverted by day 14.  (B) 297 

IgM against RBD was transiently detected at low levels relative to IgG on days 7 and 14 post 298 

exposure (experimentally inoculated animals, n=3).  Bars represent 1 SE of the mean. 299 

 300 

Reinfection 301 

Re-challenged cats in Cohort 1 were sampled for oral and nasal shedding for 7 days post-302 

exposure by viral isolation, and shedding was not detected in any cat at any timepoint following 303 

rechallenge. 304 

 305 

Discussion 306 

 The COVID19 pandemic represents the first global pandemic of an emerging zoonotic 307 

disease in this century. The SARS2 virus is one of three emergent zoonotic coronaviruses 308 

capable of causing significant disease in humans in the last two decades, following SARS1 and 309 

MERS (Guarner 2020). The overall trend of disease emergence favors viral spillover from 310 

animals to human, and land use and wildlife encroachment are just two of the factors 311 

contributing to this phenomenon (Olival et al. 2017). The continued presence of live animal 312 

markets provides optimal conditions for emergence of zoonoses (Wang and Eaton, 2007).  As 313 

with SARS1 and MERS, SARS2 is of probable bat origin based on phylogenetic analysis (Zhou 314 

et al. 2020), but unlike its predecessors, SARS2 has rapidly evolved for highly efficient human-315 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 29, 2020. ; https://doi.org/10.1101/2020.05.28.120998doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.28.120998
http://creativecommons.org/licenses/by-nc-nd/4.0/


to-human transmission (Chan et al et al. 2020). While animals, including domestic animals and 316 

pets, are frequently implicated as the source of emerging pathogens, reverse zoonosis of SARS2 317 

is more probable, as human cases are far more prevalent than domestic animals. Similar results 318 

were seen with SARS1, where domestic cats exposed to the virus by infected humans became 319 

infected, and cats experimentally infected shed virus for several days (Martina et al. 2003, van 320 

den Brand et al. 2008) There have been several cases of pets becoming infected by SARS2 321 

following exposure to infected humans in New York, Hong Kong, Belgium, Germany, Spain, 322 

France and Russia (Sit et al. 2020; as communicated by ProMed). Other animal exposures from 323 

infected humans include farmed mink, which appear to display respiratory symptoms following 324 

infection (ProMed). In several of these cases, including nondomestic felids at the Bronx Zoo and 325 

pet cats in New York and Europe, animals displayed signs of respiratory disease and/or 326 

conjunctivitis. None of the cats or dogs in this study exhibited any clinical signs of disease, but 327 

individual animal health status, age and comorbidities may be responsible for this variability. 328 

Pathological changes in cats suggest that mild subclinical disease in otherwise healthy animals 329 

occurs but is not recognizable symptomatically. This is not altogether different from human 330 

infections, where the majority of cases are relatively mild but more severe disease tends to occur 331 

in older patients with significant comorbidities (Nikolich-Zugich et al. 2020).  In a recent 332 

serosurvey of cats in Wuhan, China, nearly 14.7% of sampled animals were seropositive for 333 

SARS2 by RBD ELISA, suggesting that the cat population in areas with high human 334 

transmission is also likely to be exposed to the virus (Zhang et al. 2020) Considering that the 335 

number of human infections have reached the millions and yet only a handful of animals have 336 

tested PCR positive, it seems unlikely that domestic pets are a significant source of infection or 337 

are at serious risk for developing severe disease. Importantly, infected cats shed for no more than 338 
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5 days following exposure, suggesting that cats, if exposed to infected humans, will develop and 339 

clear infection rapidly. In comparison, humans typically have an incubation period of 340 

approximately 5 days and can shed virus for more than three weeks (Lauer et al. 2020, Noh et al. 341 

2020). Thus, if symptomatic humans follow appropriate quarantine procedures and stay home 342 

with their pets, there is minimal risk of a potentially exposed cat infecting another human. 343 

Infected pet cats should not be allowed outdoors to prevent potential risk of spreading infection 344 

to other outdoor cats.  More research into the susceptibility of wildlife species and potential for 345 

establishment of infection in outdoor cat populations is necessary to identify risk factors and 346 

mitigation strategies to prevent establishment of reservoir infections in feral cats.  347 

 The development of animal models for studying SARS-2 is an important step in research 348 

methodologies. Rhesus macaques, hamsters, and ferrets are all suitable models for replicating 349 

asymptomatic or mildly clinical disease, and, while not often used as a traditional animal model, 350 

this work demonstrates that cats may serve as an alternative model (Kim et al. 2020, Chan et al. 351 

2020, Munster et al. 2020) The cats in this study developed subclinical pathological changes in 352 

the upper respiratory tract early in the course of infection with more lower respiratory tract 353 

pathology later following viral clearance, which suggests that, while subclinical, viral infection 354 

of cats is not completely benign, and may make their utility as an animal model more relevant to 355 

mild human disease. Additionally, the relatively high-titer viral shedding produced by cats and 356 

the rapidity of transmission may make them an ideal model for simulation of aerosols. As such, 357 

cat models may be quite useful for understanding the shed/spread kinetics of SARS2. Perhaps 358 

most importantly, cats develop significant neutralizing antibody titers, and are resistant to re-359 

infection, which could prove a useful measurement for subsequent vaccine trials for both human 360 

and animal vaccine candidates. 361 
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