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Rationale and Objectives

Exposure of humans or animals to SARS-CoV-2 from wild, livestock, companion and aquatic animals

• Member countries requested FAO to provide advice on surveillance or 
testing for SARS-CoV-2 in animals

• The assessment was conducted in collaboration with external experts in 
coronavirus virology, epidemiology, wildlife and risk assessment

• Results can inform One Health partners, including veterinary services and 
research institutions, to :
• Conduct country-specific risk assessment
• Implement One Health investigations and targeted studies in animals 
• Develop risk-based mitigation measures
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Exposure of humans or animals to SARS-CoV-2 from wild, livestock, companion and aquatic animals

• The original animal reservoir species or location of 
spillover to humans.

• Whether SARS-CoV-2 (or a progenitor virus) is still 
circulating in the original animal reservoir

• Pandemic proportions of human-to-human SARS-CoV-2 spread 
result in massive environmental contamination (by humans!!).

• Reverse zoonosis was confirmed (human to minks, cats and 
dogs), potentially creating new animal reservoirs and 
opportunities for zoonotic spillover (mink to human).

Epidemiological scenario for developing the exposure assessment

What we don’t know What we know

? ?

Reverse zoonosis (multiple 
animal species)



Click in the master slide view to edit meeting date, place and date

Risk questions assessed 

Exposure of humans or animals to SARS-CoV-2 from wild, livestock, companion and aquatic animals

What is the likelihood of exposure of humans or animals to 
SARS-CoV-2 in COVID-19 affected areas through contact with, 
handling or consumption of

1. wild animals or their products?

2. livestock or their products? 

3. companion animal species or handling or consumption of 
dog and cat products?

4. aquatic animals or their products?
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Notes

Exposure of humans or animals to SARS-CoV-2 from wild, livestock, companion and aquatic animals

• It is an exposure assessment

Likelihood of human or 
animal infection (post-

exposure) is not assessed 
in the document.
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Main considerations

Exposure of humans or animals to SARS-CoV-2 from wild, livestock, companion and aquatic animals

1. Drivers and barriers of emerging zoonoses.

2. Coronavirus host range, with emphasis on betacoronaviruses.

3. Environmental stability of SARS-CoV-2.

4. Natural and experimental infection of animals with SARS-CoV-2 and 
closely clustered SARS-CoV-related viruses.

5. Spillover of SARS-CoV and SARS-related CoVs.

6. Epidemiological animal-related data on SARS-CoV-2 available to date.

7. Affinity of ACE2 receptors found in wild animal species to bind SARS-
CoV-2 RBD.

8. Animals preying on potential SARS-CoV-2 reservoir or intermediate 
hosts (i.e predators of bats and pangolins).

9. Wildlife movement, captive breeding/ranching and wild meat 
consumption.

180 articles related to the global context of 
the document have been cited

Country-specific articles and national 
reports should be identified and used 

for national-level risk assessment
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Description of qualitative likelihood levels used:

• High (highly likely to occur/result in exposure);

• Moderate (potential to occur/result in 
exposure);

• Low (unlikely to occur/result in exposure);

• Very low (very unlikely to occur/result in 
exposure); and

• Negligible (extremely unlikely to occur/result in 
exposure).

Exposure of humans or animals to SARS-CoV-2 from wild, livestock, companion and aquatic animals
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Likelihood assessment

Exposure of humans or animals to SARS-CoV-2 from wild, livestock, companion and aquatic animals

Live animals

• Sufficiently heat-treated
• Raw; either meeting or not 

meeting the Codex basic texts 
for food hygiene (CAC, 2009)

Animal products

COVID-19 
affected area 

Condition 

South East Asia 
Sub-Saharan Africa

Other areas of the world

• At high-risk value chain 
nodes

• In contact with COVID-19 
patients

• In certain environments

Assessed likelihoods 
ranged from 
negligible, i.e. 
extremely unlikely to 
occur, to moderate, 
i.e. potentially 
occurring, depending 
on the animal 
species, geographic 
area and condition 
involved. 

All
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Species/families assessed (results shown here only for contact with live animals)

Exposure of humans or animals to SARS-CoV-2 from wild, livestock, companion and aquatic animals

• Wild felines
• Old and new world monkeys
• Bats and Pangolins
• Mustelidae and Cricetidae
• Tupaiidae
• Birds, suids -
• Other wildlife species (products only)

• Pigs
• Poultry
• Bovine, ovine, 

caprine, camelid 
and rabbit 
(products only)

Wildlife Livestock Companion

• Dogs –
• Cats
• Ferrets
• Hamsters
• Birds - negligible

Aquatic

• Mammals
• Fish
• Molluscs
• Crustaceans
• Amphibians
- all negligible

very low 
to low

negligible

low to 
moderate

negligible

very low to low

Cannot assess other species as the data 
currently available is not sufficient 
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Likelihood assessment, cont.

Exposure of humans or animals to SARS-CoV-2 from wild, livestock, companion and aquatic animals

- Increased relative exposure risk 
should be considered for 
occupational risk groups when 
compared to the general public, 
owing to their increased frequency 
and intensity of contact with certain 
animal species, e.g.:

- Hunters
- Butchers
- Market middlemen
- Retailers
- Farmers
- Veterinarians
- Etc.
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Additional Outputs of the exposure assessment

Exposure of humans or animals to SARS-CoV-2 from wild, livestock, companion and aquatic animals

• Summary of available evidence for SARS-CoV-2 susceptibility
of different animal species;

• Evidence-based recommendations on how to prioritize
animal species for targeted field investigations or research
studies;

• Identification of current knowledge gaps regarding the
zoonotic origin or animal-human spillover of SARS-CoV-2 ;

• Recommendations for targeted One Health investigations
and epidemiological, laboratory, anthropological or
seasonality studies to fill critical knowledge gaps evidenced.



Thank you

Protecting people, animals, and the environment everyday

Drawings: FAO/Chiara Caproni



Alessio Lorusso, 29 July 2020

Interpretation of SARS-CoV-2 laboratory 
results



Contamination - Microorganisms loosely 
attached to tissues without invading the tissue 
or triggering an immune response. In general, 
low PCR titres. 

Infection - Microorganisms multiply, bind to 
tissue and elicit an immune response. In 
general, high PCR titres, 

Key points (general)



Contamination - Microorganisms loosely 
attached to tissues without invading the tissue 
or triggering an immune response. In general, 
low PCR titres. 

Infection - Microorganisms multiply, bind to 
tissue and elicit an immune response. In 
general, high PCR titres, shedding of infectious 
virus

Key points (general)



Key points (general)

• The strength of PCR diagnostic tests is based on the ability to design pathogen-specific PCR primers and probes

• A positive PCR test result indicates the presence of pathogen genetic material but does not necessarily confirm active replication

• A negative PCR test result indicates the absence of pathogen genetic material but not necessarily rule out active infection

• Intepretation is the key. Ideally with a combination of multiple factors and tests

1, low titers

2, next slide



Phenomenon common to many pathogens

• CPV-2 in dog’s feaces
• Feline morbillivirus in cat urine samples
• Arboviruses in insects
• Enteric viruses in shellfish
• Swine flu viruses in BALs

• Generally, high viral titers (PCR) result in successfull virus isolation

• Generally, low viral titers (PCR) result in unsuccesfull virus isolation

• However, the «titer issue» is not the only explanation for isolation failures or an assurance for virus viability

2





Our interpretation of PCR-based
results is based on human samples



Active SARS-CoV-2 infection (mainly with clinical signs)
• CT values in general are very low, which means very high 

viral titers, likely a source of infectious virus (isolation could 
be successful) 

• Higher viral loads are correlated with longer viral shedding 
(up to 63 days). Overtime, titers tend to decrease till the 
negative status is reached. 

SARS-CoV-2 in recovered individuals
• Frequently we do observe traces of viral RNA for several 

days/weeks, likely not a source of infectious virus (isolation 
very likely to be unsuccesfull). Sometimes, this finding is 
intermittent. 





Patterson EI…Decaro N, BioRxiv preprint
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Di Teodoro G…Lorusso A, J Virol, under review



Key messages of SARS-CoV-2 in animals

• Data on animals are still scarce

• Dogs and cats, in an intense COVID-19 scenario, can seroconvert.

• Multiple routes of shedding

• Shedding period seems to be shorter compared to humans

• Ferrets, cats, and golden 
Syrian hamsters can be experimentally 

infected and can spread the infection to other 
animals of the same species.

• Mice, pigs, chickens, and ducks do not seem to become infected 
or spread the infection

• No data on farm animals



Additional evidence that an animal species could act as SARS-CoV-2 
reservoir or intermediate host includes demonstration of high-level 
RNA shedding and the detection of SARS-CoV-2 RNA and/or anti-SARS-
CoV-2 antibodies in other animals of the same species in their natural 
habitat or commercial production settings.

• In case of PCR positivity: clinical 
status, titers, isolation, serological 
status

• Prudent use of SARS-CoV-2 antigens 
and interpretation of serological 
results



Sufficient evidence needs to be accumulated before confirming 
susceptibility of an animal species; FAO and OIE are taking a leading 
role in collecting and analyzing such evidence.



Thank you for your attention
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Spread of Infectious Pathogens in Food Systems in South, South-East 
and East Asia





Image from: http://barfblog.com/tags/one-health/ 
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Stage #1

Application of results from the FAO SARS-CoV-2 Exposure Assessment at country-level

• Engage One Health partners

• Veterinary authorities
• Public Health authorities
• Wildlife, Environment, Forestry
• Fisheries
• Research partners/institutions
• Private sector
• Etc.

• Virology

• Epidemiology

• Risk assessment

• Wildlife

• Pets

• Farm animals

• Etc.
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Stage #2

Application of results from the FAO SARS-CoV-2 Exposure Assessment at country-level

• Conduct country-specific risk assessment, 
taking into account: 

• Local animal species/products*

• On the ground realities in 
provinces/districts

• Characteristics of value chain nodes

• Conditions of animal keeping or sale and 
associated behaviours 

• Etc.

*consider processing methods

• Use current knowledge 
elaborated in FAO’s 
exposure assessment 
**unique synthesis**

• Use additional national 
resources, information

Apply guidance presented by 
Dirk Pfeiffer
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Application of results from the FAO Exposure Assessment at country-level

• Convert knowledge gaps to objectives of One 
Health investigations and research studies. 

• Follow a progressive approach.

• Use known information in the planning of OH investigations and 
research studies to:

• Prioritize animal species

• Target certain areas/conditions/value chain nodes

• Design laboratory or field studies

• Etc. 

• Disregard species or conditions that have been assessed as 
‘negligible’ (e.g. birds, pigs, aquatic species, thoroughly cooked 
meat)

Stage #3

What we don’t know What we know
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To note when designing field studies:

Application of results from the FAO Exposure Assessment at country-level

At this early stage, when many knowledge gaps remain, FAO

- encourages public health, veterinary and wildlife authorities, 
and forestry and natural resources management to work 
closely together with a One Health approach on targeted 
investigations of SARS-CoV-2 transmission between animals 
and humans, provided conditions and resources allow. 

- discourages sampling surveys as part of active or random 
surveillance for SARS-CoV-2 in animal species that would 
distract time and resources away from other responsibilities 
of veterinary services. 
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To note for decision making

Application of results from the FAO Exposure Assessment at country-level

• Assessing a low or even moderate exposure risk from
certain animal species does not imply they (currently) play
a role in the epidemiology of SARS-CoV-2

• Therefore, measures that may subject these species to
unnecessary stress, impact their trade or affect their
conservation status are not justified at the moment

• Sufficient evidence needs to be gathered from both
laboratory and field studies before the susceptibility or
epidemiological role of an animal species can be confirmed

• On the other hand, species that have been assessed as
‘negligible’ can be considered ‘not susceptible’ (e.g. birds,
pigs, aquatic animals)
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Annex 4: Prioritization of animal species to be investigated further through field surveillance

Application of results from the FAO Exposure Assessment at country-level
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Annex 3: Progressive approach to investigate SARS-CoV-2 wildlife reservoir(s) or intermediate 
host(s)

Application of results from the FAO Exposure Assessment at country-level
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Stage #4

Application of results from the FAO Exposure Assessment at country-level

• Update your country-specific risk assessment 
• Should be a living document, our knowledge changes quickly

• To be updated when new results come in (local or global) 

• Re-shape your investigation and research studies accordingly

 Keep up to date with information provided by FAO, OIE and WHO!

 Help generating additional information and share timely with the
international community

 Help preventing the establishment of the virus in a potential new
host species

 Always use the One Health approach!!
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Coming next from FAO:

Recommendations for 
epidemiological 
investigation of SARS-
CoV-2 transmission to 
farmed and companion 
animals in contact with 
COVID-19 patients

 In progress!!

Application of results from the FAO Exposure Assessment at country-level

> By harmonizing the approach and data 
collection across countries and regions, 
results are comparable and more meaningful



Thank you

Protecting people, animals, and the environment everyday

Drawings: FAO/Chiara Caproni

…and all the 47 reviewers!! 


