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OVERVIEW

Compton. Overview of Coronaviruses in Veterinary Medicine, pp. 333-341
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

SUMMARY: Coronaviruses are enveloped, spherical or pleomorphic viruses 120-160 nm in diameter with a crown-like appearance on electron microscopy. There are 4 genera: Alpha-, Beta-, Delta-, and Gammacoronavirus. Most coronaviruses of veterinary importance fall in the Alpha- (canine enteric coronavirus, FIP, FECV, TGEV, PRCV, PEDV) and Betacoronavirus (BCoV, PHEV, MHV, and RCV) genera. IBV is a gammacoronavirus. Covid-19 is a sarbecovirus in the betacoronavirus genus.

All coronaviruses encode spike (S), envelope (E), membrane (M) and nucleocapsid (N) proteins, +/- a hemagglutinin-esterase (HE) protein. The S proteins form the spiked appearance and bind to cell surface receptors, mediating tissue tropism and host range. For example, MHV is species-specific and only infects mice, while several other alphacoronaviruses use aminopeptidase N (APN/CD13) as a receptor and can result in cross-species infections. The E protein is involved in virion assembly, budding, and intracellular trafficking. The M protein is the most abundant protein and involves virion assembly. The N protein is a basic RNA-binding protein. Anti-N antibodies are commonly used in serodiagnostic testing. Some coronaviruses have the HE protein which forms shorter spikes and may enhance S-protein-mediated cell entry. Coronaviruses evolve with the help of error-prone transcription (large genome size and an RNA polymerase with no proofreading function) and recombination.

Coronaviruses in Humans: Some are self-limiting mild URI and LRI (Alphacoronaviruses: Human coronavirus 229E and NL63; Betacoronaviruses: Human coronavirus OC43 and HKU1). Sneezing, coughing, aerosol. 
Three highly pathogenic:

· SARS-CoV 2002, had inefficient transmission between humans, 778 deaths. Bats -> Himalayan palm civets or racoon dogs -> humans

· MERS-CoV 2012, 858 deaths, limited human-human transmission but is ZOONOTIC (dromedary camels are reservoir, potentially bats)

· SARS-CoV-2 2019, very efficient transmission between humans, 4.1 million deaths and counting. Current understanding is bats -> Malayan pangolins -> humans

Coronaviruses in Veterinary Species:
	Common Name
	Genus
	Subgenus
	Infects Which Species
	Spread
	Clinical signs
	Affected tissues
	M&M
	Treatment

	Infectious bronchitis virus (IBV)
	Gamma-
	Igacovirus
	Chickens
	Aerosol, fomites
	Nasal discharge, sneezing, coughing, rales, lethargy, predisposition to other secondary infections
	Ciliated and mucus-secreting respiratory tract, can spread to alimentary tract, kidney, testes, oviduct, Harderian glands, bursa of Fabricius
	Highest in young chicks, vary among breeds, large economic impact
	Vaccinate 1-day old chicks, over 57 USDA-licensed vaccines

	Betacoronavirus 1
Bovine coronavirus (BCoV)
	Beta-
	Embecovirus
	Cattle
	Direct contact, Fecal, contaminate equipment
	1. 3 clinical syndromes

2. Calf diarrhea

3. Winter dysentery (dark bloody diarrhea, +/- cough, fever, depression, anorexia)

4. Bovine respiratory syndrome/shipping fever (fever, dyspnea, bronchopneumonia, wt. loss)
	1. Respiratory and GI

2. Villous atrophy, crypt hyperplasia in lg intestine

3. Similar but more necrosis of colonic crypts and intestinal hemorrhage

4. Lung inf with commensal bacteria
	1. Endemic worldwide

2. 1-3 wk. when maternal ab’s decline; self-resolving ~1 wk. but minority can be fatal

3. Crowded adults in the winter, 20-100% morbidity but 1-2% mortality

4. 6-10 mo. feedlot cattle
	IN vaccines just prior to calving or 1-4 do

	Alphacoronavirus 1
Transmissible gastroenteritis virus (TGEV)
	Alpha-
	Tegacovirus
	Pigs
	Fecal/oral
	Malabsorptive / maldigestive diarrhea
	Villus shortening 
	Previously acute epizootic of neonatal d/v with high mortality q2-3y, now commonly enzootic / subclinical
	Immunity to PRCV protects against TGEV; vaccines exist but not used often due to low and declining prevalence

	Alphacoronavirus 1
porcine respiratory coronavirus (PRCV)
	Alpha-
	Tegacovirus
	Pigs
	 
	Asymptomatic to mild resp disease
	 
	Variant of TGEV that has a deletion in the S protein, lost GI tropism; negligible mortality
	Immunity to PRCV protects against TGEV

	Porcine endemic diarrhea virus (PEDV)
	Alpha-
	Pedacovirus
	Pigs
	Fecal/oral, fomites
	Watery diarrhea, anorexia, depression, dehydration, vomiting in newborns; minimal clinical signs in older
	Enterotropic, SI diffuse atrophic enteritis, villous necrosis, sloughing of villous lamina propria
	Infects all ages with inverse severity with age (50-100% mortality in piglets). Epidemics cause significant economic impact (lost 10% US pig population in 2013 outbreak)
	Vaccines not very effective

	Betacoronavirus 1 Porcine hemagglutinating encephalomyelitis virus (PHEV)
	Beta-
	Embecovirus
	Pigs
	Oronasal secretions, naïve sows -> neonates
	Vomiting and wasting disease (viral replication in the vagal sensory ganglion causing vomiting), gastric stasis and delayed stomach emptying. <4wko reluctance to nurse, sneezing, fever, anorexia, constipation, severe emaciation. Neurological signs follow, death 2-3 days. Subclinical in adults.
	Nonsuppurative viral encephalomyelitis, perivascular cuffing with mononuclear cells, neuronal degeneration, gliosis in the mesencephalon, pons, and medulla oblongata. Replicates in nasal mucosa and tonsils
	 
	Lactogenic immunity can protect piglets from clinical disease

	Porcine deltacoronavirus (PDCoV)
	Delta-
	Buldecovirus
	Pigs
	Fecal/oral
	Acute watery diarrhea and vomiting, lethargy, dehydration, death
	Villous epithelial cells of S and LI -> acute necrosis and villous atrophy, malabsorptive/maldigestive diarrhea
	Novel (2014), has cocirculated with PEDV for the past 6 yrs. in US populations, high number of deaths in piglets
	 

	Swine acute diarrhea syndrome coronavirus (SeACoV) or porcine enteric alphacoronavirus 
	Alpha-
	Rhinacovirus
	Pigs (broad species range in vitro – humans, NHPs, bad, mouse, rat, hamster, gerbil, chicken cells
	 
	Severe diarrhea in suckling piglets; subclinical to severe diarrhea depending on strain
	Diarrhea causing strains – accumulation of fluid in cecum and colon, thinning of intestinal wall, intestinal villous atrophy and necrosis
	Novel (2017); different strains cause different severity of disease
	 

	Alphacoronavirus 1  (2 biotypes)

1. Feline enteric coronavirus (FECV)

2. Feline infectious peritonitis virus (FIPV)
	Alpha-
	Tegacovirus
	Cats (domestic and wild)
	FECV: fecal/oral. FIPV is not transmitted b/w cats but evolves from FECV in the persistently infected cat. 
	Majority of FECV are subclinical or mild diarrhea.

 
	FECV: apical epithelium of intestinal villi in lower SI and cecum

FIPV: fibrinous and granulomatous peritonitis with protein-rich serous exudates into peritoneal and pleural cavities and/or pyogranulomas (wet vs dry vs mixed forms). Replicates in and activates monocytes, accumulate around blood vessels in omentum and serosa leading to endothelial barrier dysfunction causing exudates. Immune complexes can cause glomerulonephritis
	20-90% of domestic cats show seropositivity;

FECV: most infected by mother, subclinical. 

FIPV: most are fatal, <2yro, 5-10% of cats persistently infected with FECV develop FIP. Wet is most common in natural infections (strong antibody response with weak cellular immune response). 
	Serum antibodies can increase severity of FIPV so conventional vaccines aren’t used. USDA licenses a modified live IN vaccine that replicates at lower temp of the URI, produces local IgA response that prevents initial replication of FECV but does not induce serum antibodies

	Alphacoronavirus 1 canine enteric coronavirus
	Alpha-
	Tegacovirus
	Dogs
	Fecal/oral
	Mild enteric disease, can be more severe with parvo or adenovirus coinfection
	Enterocytes, villous atrophy
	Self-limiting
	 

	Canine respiratory coronavirus (coinf. with others implicated in kennel cough)
	Beta-
	 
	Dogs
	Aerosol
	Mild resp disease
	Sigh homology with BCV, replicates in resp. epithelium
	 
	 

	Murine coronavirus 
Mouse hepatitis virus (MHV)
	Beta-
	Embecovirus
	Virus is considered the same species but naturally infects only a single rodent (mice for MHV, and rats for RCV)
	Fecal/oral for natural inf.
	Experimental studies use prototype strains:

 

MHV1: Mild hepatic lesions in weanling/adults, acute fatal hepatitis in neonates

 

MHV3: 3 different diseases depending on strain

· BALB/c, C57BL/6, DBA/2, NZB – fulminant fatal hepatitis any age

· C3H, CBA, AKR fatal hepatitis in 6 wk. old mice, chronic infection with wasting and progressive neuro signs in 12 wk. old mice

· A/J, A/Orl – resistant at any age

 
MHV-A59: acute fatal hepatitis for most inoculation methods; neuro signs if intracerebral inoculation

 

Most natural infections are ENTEROTROPIC, NO CLINICAL SIGNS IN ADULTS. Only neonates nursing MHV-seronegative dams develop diarrhea

 

Chronic wasting dz in nude mice infected with enterotropic strains

 

IFN-y deficient mice fatal peritonitis and pleuritis

 
	Primary tropism is respiratory tract (MHV-JHM, 1, 3, A59) but do disseminate to the liver or brain. MHV-JHM invades CNS through olfactory nerves. Necrotic lesions in neurons, astrocytes, oligodendrocytes in the olfactory lobes, hippocampus, and meninges
	 ***SJL/J MICE ARE IMMUNE*** express an allele of the viral receptor gene that does not serve as a viral receptor
	 

	Murine coronavirus 
Rat coronavirus (RCV)
	Beta-
	Embecovirus
	Rats
	Direct contact, aerosols
	Mild inf can be clinically silent

 

Anorexia, wt. loss, photophobia, rhinitis, sneezing, lymph node enlargement, red-tinged discharges from lacrimal glands

 

Ocular inflammation can lead to corneal ulcers

 

Some strains mild tracheitis and interstitial pneumonia
	Lung, nasopharynx, salivary and lacrimal glands, and cervical lymph nodes
	Most recover in 2-3 weeks

 

Can be fatal in newborns
	 


Questions:

1. What diseases fall under Alphacoronavirus 1?

2. What diseases fall under Betacoronavirus 1?

3. What fuels the evolution of coronaviruses?

Answers

1. Canine enteric coronavirus, FIPV, FECV, TGEV, PRCV

2. BCV, Human coronavirus OC43, PHEV

3. Large genome, error prone polymerase, recombination events fuel the production of variants

Watson et al. Severe Acute Respiratory Syndrome Coronavirus 2: Manifestations of Disease and Approaches to Treatment and Prevention in Humans, pp. 342-358

Domain 3: Research

 

SUMMARY: Coronaviruses are large, enveloped, single-stranded, positive-sense RNA viruses. SARS-CoV-2 is one of 7 recognized human coronaviruses. SARS-CoV-2 is primarily transmitted via respiratory droplets, and prolonged exposure and close proximity are both associated with higher rates of transmission. SARS-CoV-2 spike (S) protein S1 subunit RBD (receptor binding domain) binds to the peptidase domain of the angiotensin-converting enzyme 2 (ACE2) receptor. SARS-COV-2 antibodies are detected within 1-2 weeks of infection in most cases with IgG, IgM, and IgA specific to S protein and RBD. A high proportion of anti-RBD blocks the viral interactions with ACE2, and neutralizing antibody is detected in most patients.

 

SARS-CoV-2 infects pulmonary capillary endothelial cells throughout the respiratory epithelium. The inflammatory response associated with infection results in pulmonary edema and impaired oxygen exchange. This hyperinflammatory response generates systemic sequalae ultimately resulting in disseminated intravascular coagulation and multi-organ failure. Long COVID syndrome has been reported with fatigue, headaches, and myalgia in addition to other symptoms and may be related to the hyperinflammatory response and immune dysregulation triggered by infection.

 

From a clinical pathology perspective, acute patients often prevent with leukopenia, lymphopenia, thrombocytopenia, prolonged prothrombin time, elevated D-dimer and increased serum C-reactive protein: indicators of inflammation and coagulopathy. Lymphopenia of both CD4 and CD8 T cells is a characteristic finding along with activation of unconventional T cells, such as γδT and iNKT. Radiography often shows bilateral lung infiltrates consistent with pneumonia with a characteristic diffuse, ground-glass opacity in the peripheral chest.

 

Most treatment for COVID19 is supportive, though there are several therapeutics that have been studied and may be indicated. Remdesivir, which inhibits viral RNA-dependent RNA polymerase, showed promise at inhibiting SARS-CoV-2 replication in vitro, and shortens time to recovery in adults with lower respiratory infections, but had no statistically significant effect on mortality, initiation of ventilation or length of stay. Hydroxychloroquine and azithromycin showed initial promise in vitro and in observational clinical settings, but did not lead to improved outcomes in a randomized controlled trial. Convalescent plasma, which was used frequently early on in the pandemic, was also not shown to benefit time to improvement or mortality rates. Dexamethasone was shown to reduce deaths in patients on respiratory support by managing the hyperinflammatory state in COVID19 appears to be a leading cause of morbidity and mortality in patients with severe disease. Tocilizumab, an IL-6 inhibitor may also lead to improved outcomes in patients requiring cardiovascular or respiratory support. IL-6 signaling contributes to endothelial dysfunction. Data suggest that targeting multiple epitopes with a cocktail of neutralizing monoclonal antibodies may be beneficial for mild cases of COVID-19, but emerging variants with mutations in the S receptor binding protein may be less susceptible to their neutralizing action.

 

Overall efficacy of SARS-CoV-2 vaccines has been high with 66-95% efficacy across clinical and protection against severe disease nearing 100%. While vaccine candidates have shown good efficacy against emerging variants, continued surveillance of variants is necessary to inform ongoing vaccine strategies.

 

QUESTIONS
1. What is the portion of the SARS-CoV-2 virus that binds to human cells during infection?

a. ACE2

b. γδT

c. S1 RBD

d. IgM

2. What is the most characteristic radiographic presentation of COVID19?

a. Interstitial pneumonia

b. Ground glass appearance

c. Air bronchogram

d. Pleural effusion

3. What type of virus is SARS-CoV-2?
a. DNA, enveloped

b. RNA, enveloped

c. DNA, non-enveloped

d. RNA, non-enveloped

 
ANSWERS

1. c

2. b

3. b
 

Brockhurst and Villano. The Role of Animal Research in Pandemic Responses, pp. 359-368

SUMMARY: This review seeks to summarize the historical and current approaches of the use of animal research models during a pandemic to identify the disease, characterize transmission and pathogenesis, and develop preventative measures and therapies and emphasizes the concept that the ideal response should begin before the disease gains the ability to rapidly spread.

Early Pandemic Research: Early scientists set the groundwork for much of animal research:

· 1880’s – Robert Koch developed a set of fundamental postulates allowing scientists to systematically link infection with a microbe to subsequent disease (later going on to prove that bacteria had a cause-and-effect relationship with numerous diseases (i.e. tuberculosis, cholera, anthrax, and more)

· 1908 – Retroviruses were described by a physician-veterinarian team when noting that chickens developed a form of leukemia caused by viral infection

· 1898 – Paul-Louis Simond used rats to illustrate that flea-borne transmission was the main mechanism of spread, changing the way plague prevention and control was approached

Identifying Etiology: Animal models utilizing Koch’s postulates have allowed researchers to conduct highly controlled experiments to isolate and identify novel infectious pathogens while controlling factors such as coinfections, host immune response, and comorbidities.

Describing Pathogenesis: Animal research has contributed to our knowledge of disease pathogenesis, transmission, virulence factors, and immune response for most major infectious disease outbreaks (see below for article timelines based on disease).

Developing Vaccines and Therapeutics: Animal models remain critical in development of treatments and vaccines, and assessing the safety and efficacy of products before entering human trials. The FDA Animal Rule may be invoked to approve of medical product use through animal studies alone when human challenge studies would not be ethical or feasible. In the late 1800’s, rabbit studies demonstrated protective effects of convalescent serum for naïve animals. Convalescent serum and monoclonal antibody products were later used to treat several emergent infectious diseases (1918 Influenza, Ebola, SARS, and COVID-19). Genetic engineering has allowed the creation of highly specific human monoclonal antibodies. In the 1990’s, mice and rats were used in early proof-of-concept research for mRNA therapeutics. Decades of research in large and small animals supported advances in modifying mRNA for stability and immunogenicity, safety and efficacy of novel delivery vehicles, etc.; allowing for rapid progress in creation of SARS-CoV-2 mRNA vaccines with unprecedented speed. The WHO created an R&D Blueprint for Action to Prevent Epidemics as a “global strategy and preparedness plan that allows rapid activation of research and development during epidemics.”

Pandemic Preparedness: An estimated 75% of emerging and reemerging infectious diseases are zoonotic. The United States Agency for International Development PREDICT surveillance program was designed to identify pathogens with zoonotic or pandemic potential. Coordinated action amongst scientists can standardize research in preparation for future epidemics and during a public health crisis. Animal research is necessary to elucidate the risks inherent at the human-animal interface and to predict and prevent future pandemics by:

· Act as sentinels to impending outbreaks or emerging pathogens in wild animals, livestock, and pets

· Identify animal reservoirs that allow for viral adaptation and reemergence of disease

· Identify species that my provide sources of future outbreaks

Conclusion: Animal models allow for rapid, controlled investigation into disease processes, pathogen biology, and development of therapeutics and vaccines. One research model rarely captures all aspects of human disease.  Strengths and limitations of each model must be well defined with implementation of guidelines for the purpose of clarifying the study reports to help assure comprehensive descriptions even in the fast-paced global surge of published research.

Timelines of Significant Contributions from Animal Research

Fig 1. 1918 influenza pandemic
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· Ferret, bird, and pig studies have clarified viral tropism in respiratory or GI tracts to improve understanding of the pathogenesis, transmission, and epidemic potential of influenza viruses
Fig 2. Ebola virus epidemics
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Fig 3. West Nile virus and Zika virus outbreaks
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· Ongoing research involves studies of acquired immunity and cross-protection in context of ZKV and other arboviruses; testing vaccine candidates that protect against antibody-dependent disease enhancement and disease exacerbation in vaccinated persons

HIV/AIDs

· 1981 – AIDS was first observed in the United States

· 1983 – A novel retrovirus was discovered in AIDs patients

· 1985 – Research published by Janice Clements and Robert Gallo publish compares HIV and Visna-Maedi virus in sheep, helping to establish identity of HIV as a lentivirus and provide initial clues regarding mechanisms of HIV infection. The sheep Visna-Maedi infection model served as an in vivo testing model of anti-HIV drugs

Sudden Acute Respiratory Syndrome (SARS)

· 2002 – SARS outbreak in China, and later identified as a newly isolated coronavirus (SARS-CoV-1)

· 2019-2020 – Novel coronavirus (SARS-CoV-2) rapidly identified due to previous animal research with determination of probable zoonotic origins and likely mechanisms of viral host-cell entry

· WHO COVID-19 Modeling working group (WHO-COM)  established to provide a platform for data sharing, coordinate preclinical studies, foster collaboration, and promote 3Rs principles to guide international efforts.

· Rodent (mouse) studies:

· ACE2 knockout mouse studies proved the protein was necessary for SARS-CoV-1 infection

· Elucidated expression pattern of ACE2 through the body, explaining viral tropism and disease
· TMPRSS2-knockout mouse model used to demonstrate that cell-surface transmembrane protease serine 2 (TMPRSS2) also facilitates entry of SARS-CoV-1/2 into host cells
· Camostat mesylate (TMPRSS2 inhibitor) shown to block infection in mice (SARS1)

· Ferret studies: Demonstrated airborne exposure alone could result in transmission of SARS-CoV-2

· Animal models and population genetic modeling used to study mutations of SARS-CoV-2 and the effect on transmissibility

QUESTIONS
1. Which virus in sheep causes a similar progressive immunosuppressive disease as AIDS in human patients with HIV?

a. Ovine immune deficiency virus

b. Ellermann-Oluf virus

c. Visna-Maedi virus

d. Ovine Retrovirus

2. Which animal model was useful in isolating influenza virus for the first time after inoculating the animal model with clinical samples from human influenza patients?

a. Ferret

b. Mouse

c. Rabbit

d. Pig

3. Which animal model was used to demonstrate the effectiveness of antibody therapy by showing that serum collected from animals inoculated with tetanus or diphtheria toxin could prevent illness when administered to naïve animals, thus contributing to the development of standardized diphtheria and tetanus antitoxin for human use?

a. Ferret

b. Mouse

c. Rabbit

d. Pig

4. What requirement(s) must be met to achieve approval for medical products through the FDA Animal Rule?

a. Multiple animal species models

b. Single well-characterized animal model

c. Pharmacokinetic data

d. Pharmacodynamic data

e. All of the above

 
ANSWERS
1. c. Visna-Maedi virus (although, other names for Visna-Maedi virus infection include: Maedi-Visna infection, Ovine Progressive Pneumonia, and Ovine Lentivirus infection)

2. a. Ferret

3. c. Rabbit

4. e. All of the above

Domain 3: Research

SUMMARY

 

Objective/Hypothesis: Authors discuss the importance of animal research in all aspects of pandemic research response and the vital role it continues to play today (some examples included here, many additional described in article)

 
Early Pandemic Research

· 1918 “Spanish flu” influenza outbreak

o    “Miasma theory” or “bad air” from rotting food, waste, or other organic materials theorized to cause epidemics

o    “Germ theory” of microorganisms causing illness, replaced miasma; late 19th century, led to search for disease-causing organisms

· Robert Koch- Koch’s postulates; discovered that infection with a microbe can subsequently cause disease

o    Bacteria theorized to be cause of 1918 H1N1 “Spanish flu” outbreak; little known about viruses at the time

· 1918 JS Koen noted that pigs experienced influenza-like symptoms

· 1931 Richard Shope investigated “swine flu,” inoculated healthy pigs with filtrate from mucus of sick pigs

o    Theorized a “filterable agent” such as a virus was the cause, and that bacterium Haemophilus influenza (also isolated) worked with the virus to cause more severe disease

· 1933 Wilson Smith exposed various species to throat washings from human influenza patients

o    Ferret- only species that became sick and proved to be excellent model in clinical progression and transmission

o    Demonstrated virus grown in ferrets caused ds in humans, and could be isolated again to infect other ferrets

o    Developed vaccine in ferrets and mice, followed by human volunteers with intention for larger scale clinical trials during inevitable next epidemic

§  Notable- initiated preclinical trials in advance of anticipated ds outbreak

Identifying Etiology

· Identifying primary etiologic agent of a disease can be difficult when other factors (co-infections, secondary infections, host immune response, comorbidities) complicate data interpretation

o    Animal models allow researchers to conduct highly controlled experiments with well-defined subjects in order to isolate and identify novel infectious pathogens in the face of an outbreak

· 2002- severe respiratory ds outbreak in Guangdong province China, initially termed Severe Acute Resp Syndrome (SARS) because microorganism unknown

o    Virus identified as coronavirus SARS-CoV-1, caused ds in macaques and was likely cause of SARS

o    Previous animal research permitted scientists to rapidly identify the novel 2019 coronavirus SARS-CoV-2

Describing Pathogenesis

· 1918 H1N1 influenza pandemic known for being deadly among healthy adults aged 15-34 years old, in contrast to other flu strains which typically show mortality in very young/old

o    1997 excavated mass grave in Alaska with humans buried after dying from 1918 H1N1; scientists extracted viral genetic material from lungs of a deceased woman and sequenced hemagglutinin gene

§  
Led to CDC reconstruction of a recombinant pandemic flu

§  
Mouse model used to characterize infection and confirmed the strain was incredibly adept at replication in lungs and over-activating host immune response

· Potentially explained why healthy adults with robust immune systems fared worse

Developing Vaccines and Therapeutics

· Animal models important in development of treatments and vaccines

· von Behrig and Kitasato- “passive immunization,” showed that serum collected from rabbits inoculated with tetanus or diphtheria toxin could prevent illness when administered to naïve animals

o    Standard diphtheria and tetanus antitoxin for human use were then produced in horses and cattle

o   
Administration of convalescent sera also used during 1918 influenza pandemic, reducing fatality rates in newly infected persons by ~50%

· Efficacy and safety required before product can be approved by FDA

o    For cases where human challenge studies would not be ethical or feasible (i.e. bioterror threat, etc.), FDA may grant approval through use of animal studies alone (FDA Animal Rule- https://www.fda.gov/emergency-preparedness-and-response/mcm-regulatory-science/animal-rule-information)

o    Animal Rule has been used to approve treatment for smallpox, inhaled anthrax, etc.

· 2014-16 response to Ebola outbreak an example of how prior animal research facilitated rapid initiation of lifesaving vx trial

o    WHO created plan to review and accelerate development of vx candidates based on efficacy and safety data from NHP research; rVSV-ZEBOV recombinant Ebola virus vx moved rapidly from preclinical research to human clinical trials

§  
2018- vx able to effectively end Ebola outbreak in Equateur province of Democratic Republic of the Congo while outbreak was still in early phases

Pandemic Preparedness

· One Health and consideration of animal health important in the context of emerging infectious diseases

o    Ex: Yersin demonstrated origin of human plague epidemic when noticing dead rats on street in affected city and was able to isolate the same bacillus (Yersinia pestis) from both rats and humans

· 2009- US Agency for International Development initiated PREDICT program, surveillance system to identify pathogens with zoonotic or pandemic potential before they caused outbreaks

· 2020- WHO and CEPI created ad hoc COVID19 modeling expert working group to advance development of COVID19 medical countermeasures

 

QUESTIONS
1.
What does CEPI stand for?

2.
The FDA Animal Rule may be invoked to facilitate approval of a medical product in what instances?

 

ANSWERS
1.
Coalition for Epidemic Preparedness Innovations

2.
The FDA Animal Rule may be invoked to facility approval of a medical product through the use of animal studies alone, in situations where human challenge studies would not be ethical or feasible.

 

Gomes Noll et al. Natural Transmission and Experimental Models of SARS CoV-2 Infection in Animals, pp. 369-382

Domain 3: Research

SUMMARY: SARS-CoV-2 virus, classified as a novel betacoronavirus from the subgenus Sarbecovirus and family Coronaviridae, is a viral agent which targets the angiotensin-converting enzyme 2 (ACE2) as the cellular receptor for virus binding to the host cell and is widely expressed throughout various cells and tissues in the body. With the onset of the pandemic, efforts have been made to identify natural and establish experimental animal based models for SARS-CoV-2 to aid in understanding its pathogenesis, transmission and evaluate the effectiveness of preclinical therapeutic agents and vaccines.

 

Natural: Due to ACE2’s role as a regulator of blood pressure, it is highly conserved among mammals. Several documented cases of zooanthroponoses of SARS-COV-2 have occurred in domesticated dogs and cats, wild felids in zoos, farmed mink, ferrets and gorillas. In the majority of cases dealing with domesticated dogs and cats, animals were asymptomatic despite presence of seroconversion to the virus, with the onset of infection being suspected to have originated from exposure to SARS-CoV-2 positive tested owners. Several cases identified cats with clinical signs similar to human counterparts (e.g. dry cough, dyspnea, GI disease), after testing positive for SARS-CoV-2. Several captive wild animals (e.g. Snow leopard, Tiger, Lions) have been identified to have contracted SARS-COV-2 from infected zookeepers. In addition, 2 separate mink farms had outbreaks of SARS-CoV-2 that originated from infected human staff, propagated within the mink and later prompted transmission from infected mink to the farm workers, which was verified by the presence of the same SARS-CoV-2 genetic sequence signature in both the newly infected workers and infected mink.

 

Experimental: Ferrets experimentally inoculated intranasally with SARS-CoV-2 revealed infected, asymptomatic ferrets could successfully transmit, infect, and promote seroconversion of ferrets in direct (same cage) and indirect (separate cage, same room) settings, suggesting airborne transmission of the virus. Aged (18-36 mo. old) and young (6mo old) were noted to demonstrate signs of disease and tested positive for SARS-CoV-2 when infected with doses >10^3 pfu. Infectious dose for aged ferrets was higher compared to younger counterparts, which is suspected to be related to the increased expression level of ACE2 receptors and transmembrane serine protease 2 in the upper respiratory tract seen in the aged ferrets, mimicking similar distribution in humans.

 

NHPs experimentally inoculate intranasally with SARS-CoV-2 revealed development of various clinical signs ranging from fever, weight loss, hyporexia and pallor; and effectively shed and cleared viral expression throughout the studies. One study noted gross lesions were limited to the lungs, where several common histological findings were seen in infected African green monkeys (AGM), Rhesus macaques (RM), Cynomolgus macaques (CM). These included type II pneumocyte hyperplasia, and alveolar fibrosis, along with inflammation of the upper respiratory tract and lymphoid hyperplasia. Despite histologic findings, none of the animals became terminally ill. Additional studies assessing the implications age plays on SARS-CoV-2 infection appreciated older CMs shed virus for longer periods of time and RH, common marmosets and baboons developed a lower neutralizing antibody response compared to their younger counterparts.    

 

Cats experimentally inoculated intranasally with SARS-CoV-2 revealed infected cats could transmit the disease to naïve, sentinel cats housed in the same vicinity. When infected experimentally via intranasal and oral route with 10^6 TCID50, infected cats did not develop clinical signs despite testing positive for SARS-CoV-2 but were found to have edema, congestion, and atelectasis of the lungs; histology revealed development of tracheobronchoadenitis of seromucous glands in the trachea and bronchi. Both infected and sentinel cats were found to seroconvert, and viral RNA was detected in the tonsils, lymph nodes, olfactory bulbs, spleen, heart, and gastrointestinal tract.

 

Humanized, transgenic mice were created due to the lack of interaction between murine ACE2 and classic SARS-CoV-2 strains. Transgenic K18-hACE2 mice, CRISPR/Cas9 hACE2 mice, HFH4-hACE2 mice, AdV-hACE2 mice and AAV-hACE2 in C57BL/6 experimentally inoculated intranasally were all noted to successfully demonstrate viral replication in the lungs and other tissues (e.g. brain, heart, etc.); experience weight loss of varying degrees; demonstrate interstitial pneumonia with infiltrating inflammatory cells and vascular injury of the lungs on histology. In AAV-hACE2 C57BL/6 mice exposed to SARS-CoV-2, an increase in CD69+, CD8+ and CD44/CD4+ T lymphoid cells and CD69+ NK cells was appreciated; while C57BL/6 mice transduced with AAV6-hACE2 and AAV9-hACE2 were noted to increased proinflammatory mediator expression (i.e. TNFa, IL-1B, IL-6, CCL2, and CXC) during the early portion of SARS-CoV-2 infection. 
 

Hamsters (Mesocricetus auratus) experimentally inoculated intranasally with SARs-CoV-2 were able to affectively transmit the virus through direct contact and aerosols. While both young and aged hamsters developed clinical signs of weight loss, aged hamsters weight loss was more commonly described as moderate to severe. Other studies demonstrated the development of tachypnea, and lethargy, which resolved around 7dpi. Gross pathologic lesions seen included lung consolidation and edema. While histological findings appreciated included presence of inflammatory cell infiltration, pulmonary edema, alveolar hemorrhage and destruction, along with abundant viral N protein expressed throughout macrophages, and Type I & II pneumocytes in the lungs. Additional histologic findings involved severe cell necrosis and viral N protein presence in the intestinal tract; and mild myocardial degeneration and edema of the heart despite the lack of detecting any viral N protein. Neutralizing antibodies were identified in hamsters both directly and indirectly exposed to SARS-CoV-2.

 

White-tailed deer experimentally inoculated intranasally with 10^6.3 TCID50 SARS-CoV-2 were able to infect sentinel fawns housed in neighboring pen. Neither inoculated or exposed fawns demonstrated any clinical signs of disease nor were any gross lesions visualized on necropsy at 8 and 21 dpi, despite active viral RNA shedding detected on nasal, and rectal swabs.

 

Rabbits experimentally inoculated intranasally with 10^6 TCID50 SARS-CoV-2 did not demonstrate any clinical signs of disease but did test positive for the infectious agent from nasal secretions and had seroconverted. Histology findings demonstrated increased alveolar macrophages, along with a few neutrophils. Rabbits inoculated with <10^4 TCID50 SARS-CoV-2 did not have any viral RNA detected post-inoculation, unlike that appreciated with higher inoculation doses of SARS-CoV-2.

 

Several urban wildlife were studied to identify potential reservoir species for SARS-CoV-2, which could transmit the virus to other susceptible species. Of those experimentally inoculated intranasally, bushy-tailed woodrats (Neotoma cinerea), striped skunks (Mephitis mephitis), and fruit bats (Rousettus aegyptiacus) did not develop any clinical signs nor gross lesions suggestive of disease; while racoon dogs (Nyctereutes procyonoides) demonstrated mild lethargy but lacked any gross lesions on necropsy and deer mice (Peromyscus maniculatus) demonstrated pulmonary consolidation and hemorrhage during early infection but failed to develop any clinical signs during experimental timepoints. All tested species were found to express neutralizing antibodies and shed viral RNA during the experiments. Despite lack of gross lesions in the majority of the tested species, the majority contained histologic lesions such as mild vasculitis in lungs (deer mice), mild-moderate rhinitis (raccoon dogs & fruit bats), or mild macrophage and neutrophil infiltration of the lungs (bushy-tailed woodrats).  

   

Several species have been identified as unsusceptible to SARS-CoV-2 infection, which include pigs, ducks, chickens, and cattle. Despite challenging these species with SARS-CoV-2, no seroconversion was appreciated in pigs, ducks, and chicken, while only low and brief antibody response was appreciated in cattle. The usage of in silico analysis predicted very low susceptibility to SARS-CoV-2 of mink and ferrets, and higher susceptibility in cattle and pigs, which was proven to be incorrect, thus highlighting the need to assess SARS-CoV-2 susceptibility of animals in vivo. Unfortunately, no animal model has been found to fully replicate similar severe clinical disease seen in humans.

 

QUESTIONS

1. Which hamster species has been primarily used to study the pathogenesis of SARS-CoV-2?

a. Dwarf Campbell Russian Hamster

b. Chinese Hamster

c. Syrian Hamster

d. European Hamster

2. T/F: In effort to promote the 3Rs, the usage of in silico analysis to predict the susceptibility of different species to SARS-CoV-2 has proven to be an effective means to predict potential susceptive species, thus decreasing the need to perform in vivo studies with these suspected species.

3. Which of the following species ACE2 does not react with classic SARS-CoV-2 strains?

a. Peromyscus maniculatus
b. Mesocricetus auratus
c. Canis familiaris 
d. Mus musculus 
e. Oryctolagus cuniculus  
4. Which of the following is the correct term to describe, ‘an infection or disease that is transmissible from humans to animals under natural conditions’?

a. Arthropodonosis

b. Zooanthroponosis

c. Zoonosis

5. Which of the following species has been documented to seroconvert when experimentally inoculated with SARS-CoV-2?

a. Bos tarus
b. Sus scrofa domesticus
c. Gallus domesticus
d. Anas platyrhynchos   
 

ANSWERS

1. c. Syrian Hamsters (Mesocricetus auratus)

2. False: There were several discrepancies with usage of in silico analysis compared to in vivo experiments regarding susceptibility to SARS-CoV-2 infection

3. d. mice ACE2 is not able to interact with classic SARS-CoV-2 virus

4. b. Zooanthroponosis aka Reverse Zoonosis

5. a. Bos taurus (cow); pig (Sus scrofa), ducks (Anas platyrhynchos), and chickens (Gallus gallus domesticus) did NOT seroconvert when exposed to SARS-CoV-2

 

Knight et al. Mouse Models for the Study of SARS-CoV-2 Infection, pp. 383-397

Domain 3

Primary Species: Mouse (Mus musculus)

SUMMARY: SARS-CoV-2, a member of the genus betacoronavirus, causes COVID-19 which has resulted in a global pandemic. SARS-CoV-2’s spike protein binds to angiotensin-converting enzyme 2 (ACE2), a critical component of the renin–angiotensin cascade, as a primary receptor. Mouse Ace2 has structural differences from the human ACE2 which prevent SARS-CoV-2 from binding to mAce2 with the same affinity as hACE2.

Transgenic mice that express hACE2 have been developed, with higher hACE2 expression resulting in more severe disease. The keratin 18 (K18) promoter limits expression of hACE2 to epithelial cells. The K18-hACE2 mouse model results in lung and brain pathology, but the extent of CNS disease is much more severe in this model than in natural human infection. The mAce2 promoter allows hACE2 to be expressed in the same cells and to the same amount as mAce2, which results in pathologic changes in the lungs as well as extrapulmonary systems. The HFH4-hACE2 transgenic mouse model restricts hACE2 expression to ciliated cells and develop lung pathology consistent with COVID-19 disease. A CRISPR/Cas9 knock-in model where hACE2 completely replaced mACE2 has been developed and results in clinical and pathologic findings similar to human infection.

              
Adenoviral and adeno-associated virus vectors have been used to transduce expression of hACE2 in C57BL/6 and BALB/c mice. Viral vector models often do not result in clinical disease, but lung pathologic findings are consistently reported. Additionally, viral vector transduction has been achieved in several knockout strains which is helpful to elucidate disease pathogenesis. One downside of using viral vectors for gene expression is that there is often patchy gene expression. The K18-hACE2 mouse model tends to result in higher viral load and more severe clinical signs that viral vector induced gene expression.

Mouse-adapted SARS-CoV-2, created through serial passage in aged mice, results in lung disease in infected mice. Additionally, by changing 2 amines that prevent binding of SARS-CoV-2 to mACE2, a mouse-adapted strain (SARS-CoV-2MA) was generated which results in mild pathology. Serial passage of SARS-CoV-2-MA in BALB/c mice resulted in a more pathogenic virus, SARS-CoV2-MA10. C57BL/6 mice developed less severe disease than BALB/c inoculated with this strain. 

QUESTIONS

1. Which of the following is not a con of viral vector-induced mouse models of SARS-CoV-2?

a. Adenovirus vectors are highly immunogenic, which may confound pathologic findings

b. Patchy gene transduction

c. Adenovirus-transduced gene expression wanes over time

d. Cannot use human virus isolates

2. Which of the following promoters have been described for generating transgenic hACE2 mouse strains in SARS-CoV-2 research?

a. K18

b. ITF

c. ApoE

d. Mx1

3. True or false? Strain did not impact the severity of disease in mouse-adapted SARS-CoV-2-MA10?

ANSWERS

1.
d

2.
a

3.
False

 

Braxton et al. Hamsters as a Model of Severe Acute Respiratory Syndrome Coronavirus-2, pp. 398-410

Domain 3: Research

Secondary Species: Syrian Hamster (Mesocricetus auratus)

SUMMARY: This article is an overview of the use of Syrian Hamsters to study SARS-CoV-2.

Animals permissive to SARS-CoV-2 included cats, ferrets, pigs, NHPs, select genetically modified mice and hamsters. Rodents and mice are ideal models due to their size, availability, low cost of care, SPF status and in depth characterization across a variety of translational models, including past and present betacornavirus infections. SARS-CoV-2 relies on a structural surface spike glycoprotein to establish infection. The spike protein binds to the angiotensin-converting enzyme 2 (ACE2). Syrian hamsters naturally express ACE2 residues that recognize SARS-CoV-2 spike protein, making them a valuable animal model to study the virus. Hamsters have replicated key aspects of SARS-CoV-2 infections in humans , including viral replication, transmission and pathology. Key limitations for using hamsters to study this virus include the lack of reagents, especially antibodies, suitable for use with hamsters compared to mice.

Comparative Anatomy:  Similarities between hamsters and humans include the branching patterns of airways, abundant Clara cells in bronchioles, and the distribution and type of blood vessels surrounding the lungs. ACE2 expression was found in hamsters kidneys and portions of the GI track – in humans ACE2 is present in the respiratory tract. The lungs and tracheal epithelial cells were negative for ACE2 IHC staining, while trace quantities of ACE2 mRNA were present in these tissues. This suggests that pathologic pulmonary changes in hamsters after SARS-CoV-2 may be independent of ACE2 expression.

Pathogenesis: Hamsters can be inoculated experimentally via intranasal instillation.  SARS-CoV-2 is readily transmitted to naïve hamsters via direct contact and aerosols, not through fomites. Hamsters demonstrate pathologic changes associated with SARS-CoV-2 infection, with pulmonary lesions being consistent with lesion described in humans – alveolar epithelial necrosis, alveolar hemorrhage and edema, and interstitial pneumonia with granulocyte infiltration and perivascular lymphocyte cuffing. On the contrary, hamsters lack pulmonary microvascular thrombi and the extrapulmonary pathology seen in human infections.

Clinical Manifestations: In hamsters, the clinical disease is mild and respiratory symptoms are often lacking. The most consistent finding of SARS-CoV-2 infection in hamsters is weight loss. Other clinical signs include, lethargy, ruffled fur, hunched posture, and increased respiratory rates early in the course of infection. Mortality is rarely reported in immunocompetent hamsters.

Age and Sex Differences:  Young hamsters displayed less significant weight loss that the mature hamsters. Female hamsters had a greater IgM, IgA, and IgG antibody response against ACE2 spike receptor binding domain and demonstrated a more robust virus neutralizing antibody response. 

Immunology: Findings indicate that the cytokine response in SARS-CoV-2 infected hamsters appears to model that of human Covid-19 patients. This has helped in vaccine development

Immune Compromised:  Immunocompetent hamsters mount a neutralizing antibody response while immunocompromised hamsters do not.

Comparative Bio-Imaging: Multiple bilateral ground glass opacities and mixed ground glass opacites with consolidation are the hallmark findings in patients with COVID -19. Hamsters have a similar CT pattern, which can be detected as early as 4 days after infection. In hamsters lung damage  is significantly higher in males and tends to be bilateral, multilobar and peripheral.

Other Hamster Models:  Dwarf hamsters have also been studied (Campbell’s, Djungarian and Roborovski) Campbell and Djungarian had no clinical signs, but Roborovski developed sever disease mimicking that of humans – hyaline microthrombi and diffuse alveolar damage.

QUESTIONS
1. T or F: Female hamsters have a lower disease burden and a more rapid recovery to SARS-CoV-2 than males?

2. Match the names:

	Syrian Hamster
	Cricetulus migratorius 

	Chinese Hamster
	Mesocricetus auratus 

	European hamster
	Phodopus species

	Armenian hamster
	Cricetulus grieus 

	Dwarf hamster
	Cricetus cricetus 


ANSWERS
1. True
2. Syrian Hamster – Mesocricetus auratus
Chinese Hamster – Cricetulus grieus
European Hamster - Cricetus cricetus
Armenian Hamster – Cricetulus migratorius
Dwarf Hamster - Phodopus species
Trichel. Overview of Nonhuman Primate Models of SARS-CoV-2 Infection, pp. 411-432

Domain 1

 

SUMMARY: Disease features not expressed in current animal models include ARDS, coagulopathy, systemic sequelae, and mortality. Using NHPs has several drawbacks as compared with small animal models, including higher purchase price, limited availability, higher housing cost, larger space requirement, and the need for specialized staff. NHPs are outbred, leading to greater variation in results among individual animals, sometimes making data analysis and interpretation difficult. The preexisting shortage of NHPs available and the high demand for COVID-19 research make them difficult to obtain. NHPs are physiologically, genetically, and immunologically more closely related to humans than are small animals and the main receptor for SAR-CoV-2 binding, angiotensin I converting enzyme 2 (ACE2), in catarrhines (apes, Asian monkeys, and African monkeys) is identical to the human ACE2 receptor. 

 

Models Overview: Rhesus macaques have been the most widely used NHP model for SARS-CoV-2 followed by Cynomolgus Macaques and African Green Monkeys. Susceptibility between RM and CM reported RM to be the most susceptible. Baboons had a similar disease course after infection but marmosets were reported to be somewhat resistant to infection. Hydroxychloroquine had no beneficial effect on viral replication, shedding, disease progression, or outcome. Anti-Inflammatory Dalbavancin significantly reduced viral replication and histopathologic injuries but Baricitinib did not. 

 

Specific NHP Overview:
· African green monkeys (Chlorocebus aethiops)

· Cynomolgus macaques (Macaca fascicularis)

 

Both exhibit disease pathology like those reported in mild to moderate human infections. Clinical signs are mild with fever, weight loss, lethargy, and changes in respiratory rate or effort. Proinflammatory cytokines and chemokines are upregulated. Most develop interstitial pneumonia, which is best detected on PET/CT. Gross/histopathologic findings include lung consolidation, edema, multifocal to diffuse hemorrhage, hilar/mediastinal lymphadenopathy, and interstitial to bronchopneumonia. Infrequent thrombus formation was observed.

 

· Rhesus macaques (Macaca mulatta)

The key to preclinical testing of 2 mRNA vaccines from Pfizer & Moderna. Similar to human pathology, infected RM develop mild to moderate respiratory disease.

 

Other NHP Models (limited numbers)

· Pigtail macaques (Macaca nemestrina) 

· Hamadryas baboons (Papio hamadryas) 

· Olive baboons (Papio cynocephalus anubis) 

· Common marmosets (Callithrix jacchus)

 

All above used mainly to investigate pathogenesis and/or the safety and immunogenicity of vaccine candidates. Therapeutic studies → anti-inflammatories, antivirals, convalescent plasma, monoclonal antibodies. Vaccine studies → viral vector, alphavirus vector, inactivated virus, DNA, mRNA, protein subunit.

 

QUESTIONS

1. 
What receptor is identical in both humans, apes, Asian monkeys, and African monkeys which allow SAR-CoV-2 to bind and cause the pathological Coronavirus disease 19? 

a.
ACE1

b.
ACE2

c.
ACE3

d.
ACE4

2. 
Which of the following NHP’s was the key to the preclinical testing of the 2 mRNA vaccines from Pfizer & Moderna that are currently being administered to the human population? 

a.
Callithrix jacchus
b.
Chlorocebus aethiops
c.
Macaca fascicularis
d.
Macaca mulatta
3. 
Rhesus macaques have been the most widely used NHP model for SARS-CoV-2 followed by Cynomolgus Macaques and African Green Monkeys. Which of the following has been reported to be the most susceptible to infection with SARS-CoV-2 when compared?

a.
African green monkeys

b.
Cynomolgus macaques

c.
Rhesus macaques

 

ANSWERS

1. 
b

2. 
d

3. 
c

Witt et al.  A Meta-Analysis of Rhesus Macaques (Macaca mulatta), Cynomolgus Macaques (Macaca fascicularis), African green monkeys (Chlorocebus aethiops), and Ferrets (Mustela putorius furo) as Large Animal Models for COVID-19, pp. 433-441
Domain 3: Research
SUMMARY: Animal models have enable some of the most important advances in physiology and medicine since their introduction in disease research. Nonhuman primates (NHP), in particular, have been useful in reproducing the clinical signs of different human diseases due to their close phylogenetic relationship to humans. After the SARS-Cov 2 outbreak in late 2020, the WHO formed a COVID-19 modelling ad-hoc expert grouping with the aim of identifying various NHP models, in addition to ferrets, as being susceptible to SARS-Cov2 isolates that would result in reproducible infection with mild to moderate disease. NHPs makes them excellent candidates for the study of this disease; vaccine trials have shown that the responses of NHPs are closer to those of humans than are those of mice. The article summarizes the results of multiple studies on NHPs and ferret infection with SARS-Cov2.

Literature search was performed in May 2020 and June 2021 using PubMed, BIOSIS, Web of Science, Scopus, and EMBASE databases in order to identify animal experiments modeling COVID-19 since November 2019. Key words included SARS-Cov2, COVID-19, coronavirus, macaque, African green, ferret, non-human primate, clinical symptoms, CBC, disease progression, pathogenesis, and symptoms. 755 papers were identified, then filtered to remove 236 duplicates; the remaining 519 papers were filtered based on different criteria (different model, review/summary, not SARS-Cov2, different scope, vaccinated/treated, not inoculated, non-mucosal inoculation); a second data filtering was performed based on other criteria (no raw data available, juvenile animals, inoculation titer too small). The final dataset included 22 papers stratified by animal model and days post-inoculation, inoculation titer and different  or combination mucosal routes.

The analysis of 22 studies measured at least one symptom of interest in either rhesus macaques, cynomolgus macaques, African green monkeys, or ferrets. Meta-analysis determined the overall incidence of symptoms in each animal species by days post-inoculations (dpi) across all studies. Results included frequency of fever, malaise, bilateral pneumonia, lymphopenia, leukocytosis, and abnormal renal function (see table 4). When compared human and animal incidence for each symptom on each day, the incidence rates of the symptoms in the animal models were significantly different from those of the humans. In both clinical and symptomatic comparisons, rhesus macaques, cynomolgus macaques, African green monkeys and ferrets all failed to fully mimic the severity of the presentation of COVID-19 in humans. However, rhesus macaques seem a front-runner of the four species with significantly similar presentations of leukocytosis at 1 dpi and pneumonia at 7 and 14 dpi. These studies found that the virus has a faster life cycle in animals; their subdued disease presentation might be related to different genetic susceptibility and reaction to the virus. Until a model is found, future research studies will likely require a combination of small and large animals. Also, some of the limitations of the present study includes the focus on clinical characteristics (many humans are asymptomatic for SARS-Cov2), small sample size of the current review, standardization in reporting results (too many variations in assays, units and statistics). 

The authors concluded that neither rhesus macaques, cynomolgus macaques, African green monkeys, nor ferrets can be declared an ideal animal model of the disease; and the greatest obstacle to identify the ideal animal model is the lack of standardization for experimentation and reporting.
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QUESTIONS
1. 
What is the enzyme considered as SARS-Cov2 biding site?

2.  
What are the symptoms observed in rhesus macaques inoculated with SARS-Cov2?

3. 
Which of the following species have similar presentations of human leukocytosis and pneumonia?

a. 
African green monkey

b. 
Rhesus macaques

c. 
Ferrets

d.  
Cynomolgus macaques

ANSWERS
1.  
Angiotensin-converting enzyme-2

2.  
Fever, malaise, pneumonia, lymphopenia, leukocytosis, high ALT, high AST and low albumin.

3. 
b

Stout et al. Viral and Host Attributes Underlying the Origins of Zoonotic Coronaviruses in Bats, pp. 442-450

Domain 3: Research 

Tertiary Species: Other Mammals

 
Summary:  This review article discusses the research performed the SARS-COV-2 virus and focuses on the both the viral features that have allowed transmission across species (bats to humans in particular) as well as host factors that may have contributed to the spread of the virus. The genome of human SARS-COV-2 is very similar to bat coronaviruses (96% sequence identity), which suggests that the bat may be a reservoir for the disease. This is no surprise since other historical outbreaks such as severe acute respiratory syndrome (SARS-COV) and middle east respiratory syndrome (MERS-CoV) are also considered to be of bat origin. 

            
Coronaviruses are in the order Nidovirales and are large single-stranded positive-sense RNA viruses. There are 4 genera: Alpha, Beta, Gamma and Delta with alpha and beta primarily responsible for mammalian infections including human coronaviruses, feline coronaviruses (FCoV0, canine coronaviruses, bovine coronaviruses and equine coronaviruses. Delta coronaviruses primarily infect avian species whereas gammacoronaviurses are known to effect beluga whales and bottlenose dolphins. The most recent SARS-CoV-2 outbreak has been placed in the Sarbecovirus subgenus of Betacoronaviruses. This virus generally causes respiratory and gastrointestinal effects, but can cause lethal systemic infections (i.e. Think of feline infectious peritonitis).  

            
There are a few properties of the coronavirus which make it so infectious. First, the virus contains a spike protein which mediates both receptor binding to the angiotensin converting enzyme 2 and membrane fusion. In addition, the large genome and replication methods of coronaviruses make them error-prone causing mutations, which may explain how coronaviruses with a similar genome to the bat could have emerged as a recent human outbreak.  

            
Bats, in the order Chiroptera, have many evolutionary adaptations them more resistant to disease (they are often asymptomatic carriers for coronavirus infections). They have unique cardiovascular and respiratory adaptations such as a thin barrier for blood-gas exchange and an abnormally large lung volume and heart size when compared with other mammals of similar size. These adaptations may make bats more resist to endothelitis and vasculitis associated with coronaviruses. In one study, it has been shown that blood stasis does not result in thromboses in bats meaning that comparative studies may help to determine mechanisms to prevent blood stasis in human patients. In one recent study, bats have been shown to tolerate viral infections since they have a mutation in the STING gene. This gene restricts their ability to express proinflammatory cytokines like TNF. However, in another recent study, it has been shown that some bats do develop disease states (i.e. decreased weight) after being infected with coronaviruses. It is suspected that bat behavior could contribute to their ability to spread disease. For example, Rhinolophidae bat species often roost with other genera of bats providing an opportunity for viral spread.  

             

QUESTIONS 
1. 
According to a recent journal article, which of the following is a feature of the coronavirus? 

a. 
A spike protein involved in receptor binding and membrane fusion 

b. 
A small genome that is able to replicate well without error 

c. 
A spike protein involved in membrane separation 

d. 
A large genome that replicates well without error 

2. 
According to a recent general article, the majority of mammalian coronaviruses are classified as: 

a. 
Alphacoronaviruses and Betacoronaviruses 

b. 
Betacoronaviruses and Gammacoronaviruses  

c. 
Gammacoronaviruses and Deltacoronaviruses 

d. 
Deltacoronaviruses and Alphacoronaviruses 

3. 
Which of the following are evolutionary adaptations of the bat? 

a. 
A STING gene that restricts their ability to express proinflammatory cytokines like TNF 

b. 
An abnormally large lung volume and heart size 

c. 
An ability to tolerate blood stats well during hibernation 

d. 
All of the above  

ANSWERS

1.
a

2.
a

3.
d

