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Coronaviruses	 (CoVs)	 have	 recently	 received	 an	 extraordinary	
level of global attention due to the discovery of a novel high 
pathogenic	 human	 coronavirus	 (CoV)	 in	 China	 in	 December	
2019.1	 CoVs	 are	 positive-sense	 RNA	 viruses	 that	 belong	 to	 the	
subfamily Orthocoronavirinae in the family Coronaviridae (Source: 
International	Committee	on	Taxonomy	of	Viruses—ICTV,	Taxonomy	
history: Orthocoronavirinae.	Accessed	January	24,	2020).	This	fam-
ily can be divided into four genera, α-CoVs,	β-CoVs, γ-CoVs,	 and	
δ-CoVs.2	CoV	 in	humans	are	 common	 (Table	1),	 often	associated	
with mild cold symptoms, and include the α-CoVs	HCoV-229E3 and 
HCoV-NL63,4 and the β-CoVs	HCoV-OC435	and	HCoV-HKU1.6 In 
addition,	to	date	three	high	pathogenic	CoVs	(all	β-CoVs)	are	rec-
ognized	in	humans	and	characterized	by	moderate	(MERS-CoV)	or	
high	 (SARS-CoV,	SARS-CoV-2)	 transmission	rates	and	association	
with mortality (Table 2).

During	 2002-2003	 in	 Guangdong	 province	 in	 China,	 Severe	
Acute	 Respiratory	 Syndrome	 (SARS)	 CoV	 (SARS-CoV)	 was	 discov-
ered.7-9	 From	 South-East	 Asia,	 the	 first	 larger	 SARS-CoV	 outbreak	
spread	to	Europe	and	North	America	in	200310 and was followed by a 
smaller	outbreak	in	a	laboratory	in	China	during	2004.11	Since	2004,	
no	known	cases	of	SARS-CoV	have	been	reported.	During	2012,	the	
Middle	East	Respiratory	Syndrome	(MERS)	CoV	was	recognized	in	the	
Middle East region.12	Finally,	in	December	2019	a	novel	CoV	(2019-
nCoV),	later	named	SARS-CoV-2,	was	associated	with	severe	lung	dis-
ease	in	a	cluster	of	patients	in	Wuhan,	Hubei	Province	in	China,	and	
consequently	reported	to	the	World	Health	Organization.1 Since the 
lung	disease	has	been	designated	as	CoV	disease	2019	(COVID-19).13 
Interestingly,	 all	 currently	 recognized	 high	 pathogenic	 CoVs	 in	 hu-
mans appear to have spilled over from bats or other wildlife sources.14 

Therefore,	concerns	for	further	interspecies	transmissions	of	SARS-
CoV-2	from	humans	to	other	species	may	be	justified.

Pigs play a major role in xenotransplantation due to their organ 
similarity	with	humans.	Pigs	are	susceptible	to	several	CoVs	includ-
ing the α-CoVs	transmissible	gastroenteritis	virus	(TGEV),15 porcine 
epidemic diarrhea virus (PEDV),16 porcine respiratory coronavirus 
(PRCV),17 and the recently emerging swine acute diarrhea syndrome 
coronavirus	 (SADS-CoV)18,19	 which	 like	 SARS-CoV	 or	 MERS-CoV	
appears	 to	 have	 originated	 from	 bats.	 Besides	 these	α-CoVs,	 pigs	
are also susceptible to a β-CoV, porcine hemagglutinating enceph-
alomyelitis	 virus	 (PHEV),20 and a δ-CoV,	 porcine	 deltacoronavirus	
(PDCoV)21	(Table	1).	As	outlined,	pigs	have	their	own	range	of	CoVs	
and	humans	have	their	own	range	of	CoVs	with	no	apparent	overlap.	
It	is	however	interesting	to	note	that	CoVs	in	humans	mainly	target	
the	respiratory	tract	whereas	CoVs	in	pigs	mainly	target	the	enteric	
system	(Table	1).	In	pigs,	there	is	only	a	single	CoV	associated	with	
respiratory	infections,	PRCV,	commonly	resulting	in	mild	disease	and	
lesions22,23 and hence not considered of importance to pork produc-
ers.	Prevention	in	the	form	of	vaccines	is	not	in	place	for	PRCV.

Only few studies have investigated if pigs can become infected 
with	 SARS-CoV	 or	 MERS-CoV	 and	 hence	 have	 determined	 if	 pigs	
could be a source of infection for humans. During a survey involving 
six	domestic	animal	species	including	pigs	and	242	individual	animals	
in	China,	SARS-CoV	RNA	was	detected	in	a	single	pig.24 Furthermore, 
two	pigs	among	the	242	animals	surveyed	were	SARS-CoV	antibody	
positive.	 The	 authors	 concluded	 that	 SARS-CoV	 interspecies	 trans-
mission events occur and possibly pose a risk to humans.24 In another 
study,	 6-week-old	 pigs	 and	 chickens	 were	 experimentally	 infected	
with	SARS-CoV	using	intravenous,	intranasal,	ocular,	and	oral	routes.25 
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None	of	the	animals	developed	clinical	signs	or	lesions.	Virus	isolation	
was	unsuccessful;	RNA	was	detected	in	blood	from	pigs	and	chickens	
and	virus-neutralizing	antibodies	were	detected	in	two	pigs.	The	au-
thors concluded that chickens and pigs likely do not play a role in virus 
amplification.25	Recognized	natural	hosts	of	MERS-CoV	include	drom-
edaries and camels.26,27 To further investigate the potential of other 
species	 to	amplify	MERS-CoV,	 llamas,	pigs,	 sheep,	 and	horses	were	
experimentally infected.28	Specifically,	these	species	received	MERS-
CoV	intranasally	using	a	mucosal	atomization	device.	Nasal	and	rec-
tal	swabs	were	collected	over	time,	and	MERS-CoV	RNA	and	antigen	
and virus could be detected in nasal swabs from llamas and pigs. The 
authors	concluded	that	MERS-CoV	circulation	 in	animals	other	than	
dromedaries, such as llamas and pigs, is not negligible.28

From the obtained data available today, it would appear pigs can 
carry	 SARS-CoV	 and	 develop	 antibodies.	 Furthermore,	 evidence	
exists	that	pigs	can	amplify	MERS-CoV.	So	far	there	is	no	evidence	
that	pigs	can	become	infected	with	SARS-CoV-2	or	are	capable	to	
amplify	 the	virus.	However,	as	 the	SARS-CoV-2	outbreak	has	 just	
emerged and is ongoing any testing currently focuses on identifying 
infected	people	to	prevent	further	human-to-human	transmissions.	
Notably,	 it	 was	 reported	 that	 SARS-CoV-2	 could	 use	 angioten-
sin-converting	enzyme	2	(ACE2)	from	four	animal	species	including	
porcine	ACE2	as	the	receptor	to	enter	the	cell	 in	vitro,29 possibly 
suggesting	that	pigs	may	be	susceptible	to	SARS-CoV-2	infection.

Theoretically,	if	pigs	can	be	infected	with	SARC-CoV-2	and	also	
amplify it, the virus would likely be present in the respiratory tract 

of pigs so lungs or nasal swabs would need to be tested. In human 
CoV	studies,	 it	has	been	shown	that	RNA	can	be	detected	by	PCR	
in	serum	or	plasma	obtained	from	patients	with	SARS-CoV,	MERS-
CoV,	 and	 also	 SARS-CoV-2	 infections.30	 In	 addition,	 SARS-CoV-2	
RNA	was	also	detected	in	a	patient's	stool	sample.31 It is presently 
unknown if these events resemble just leakage of viral particles or 
fragments or if the virus can replicate outside the respiratory tract.30 
The risk associated with human blood for transmission to other peo-
ple	 is	unknown,	but	blood	donations	are	not	practiced	 in	high-risk	
areas where infections are ongoing and it is recommended to mea-
sure the body temperature of blood donors prior to blood donation.

Interspecies transmission from humans to other species including 
pigs	likely	requires	a	close	contact	with	infected	people.	A	dog	from	
Tai	Hang,	Islands	District,	Hong	Kong,	living	in	the	same	household	as	
a	confirmed	COVID-19	patient	was	found	SARS-CoV-2	RT-PCR	posi-
tive on nasal swab and oral samples without showing any clinical signs 
beginning of February 2020 (Source: https://www.oie.int/wahis_2/
publi c/wahid.php/Revie wrepo rt/Revie w?page_refer =MapFu llEve 
ntRep	ort&repor	tid=33455).	While	most	pets	often	have	close	very	
contact	to	their	owner,	the	situation	with	pigs	is	different.	In	China,	
the	 origin	 of	 SARS-CoV-2,	 where	most	 infections	 in	 humans	 have	
been reported as of now, pig caretakers must be free of signs for 
COVID-19	before	being	allowed	 to	enter	pig	 farms,	as	one	part	of	
the	national	large-scale	quarantine	policy	(Source:	https://necsi.edu/
the-effec	t-of-trave	l-restr	ictio	ns-on-the-domes	tic-sprea	d-of-the-
wuhan	-coron	aviru	s-2019-ncov).	 Furthermore,	 viral	 spillovers	 from	

TA B L E  1  Comparison	of	CoVs	present	in	humans	and	pigs	based	on	the	genus	level	including	year	of	discovery	and	target	site

 

Human CoVs Pig CoVs

Virus
First reported or 
recognized, location

Target site and 
severitya  Virus

First reported or 
recognized, location Target site and severitya 

α-CoVs HCoV-229E
HCoV-NL63

1966,	USA
2004,	the	Netherlands

Respiratory (M)
Respiratory (M)

TGEV
PEDV
PRCV
SADS-CoV

1946,	USA
1971, UK
1986,	Belgium
2017,	China

Enteric (S)
Enteric (S)
Respiratory (M)
Enteric (M)

β-CoVs HCoV-OC43
SARS-CoV
HCoV-HKU1
MERS-CoV
SARS-CoV-2

1967,	USA
2002,	China
2005,	China
2012, Middle East
2019,	China

Respiratory (M)
Respiratory (S)
Respiratory (M)
Respiratory (S)
Respiratory (S)

PHEV 1962,	Canada Respiratory, peripheral 
and central nervous 
system (M)

δ-CoVs    PDCoV 2012,	China Enteric (M)

aM = mild and for respiratory disease limited to the upper respiratory system. S = severe; especially in naïve populations. 

TA B L E  2  Facts	on	high	pathogenic	human	CoVs

Virus Time of circulation
Laboratory confirmed 
cases Deaths Case fatality rate Country distribution

SARS-CoVa  2002-2003 8096 774 9.6% 26

MERS-CoVb  2012-ongoing 2494 853 35% 27

SARS-CoV-2c  2019-ongoing 153 517 5735 3.7% 144

aSource:	https://www.who.int/csr/sars/count	ry/table	2004_04_21/en/,	
bSource:	https://www.who.int/emerg	encie	s/mers-cov/en/	
cSource:	Situation	report	55,	15	March	2020.	https://www.who.int/docs/defau	lt-sourc	e/coron	aviru	se/situa	tion-repor	ts/20200	315-sitre	p-55-covid	
-19.pdf?sfvrs	n=33daa	5cb_6	

https://www.oie.int/wahis_2/public/wahid.php/Reviewreport/Review?page_refer=MapFullEventReport&reportid=33455
https://www.oie.int/wahis_2/public/wahid.php/Reviewreport/Review?page_refer=MapFullEventReport&reportid=33455
https://www.oie.int/wahis_2/public/wahid.php/Reviewreport/Review?page_refer=MapFullEventReport&reportid=33455
https://necsi.edu/the-effect-of-travel-restrictions-on-the-domestic-spread-of-the-wuhan-coronavirus-2019-ncov
https://necsi.edu/the-effect-of-travel-restrictions-on-the-domestic-spread-of-the-wuhan-coronavirus-2019-ncov
https://necsi.edu/the-effect-of-travel-restrictions-on-the-domestic-spread-of-the-wuhan-coronavirus-2019-ncov
https://www.who.int/csr/sars/country/table2004_04_21/en/
https://www.who.int/emergencies/mers-cov/en/
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200315-sitrep-55-covid-19.pdf?sfvrsn=33daa5cb_6
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200315-sitrep-55-covid-19.pdf?sfvrsn=33daa5cb_6
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one species into another species are further promoted by high mu-
tation	rates	allowing	the	virus	 to	overcome	host-specific	defenses.	
From	 sequences	 currently	 available	 on	 SARS-CoV-2,	 the	mutation	
rate does not appear to be high (Source: https://nexts train.org/group 
s/blab/sars-like-cov).	Based	on	today's	knowledge,	the	risk	of	acquir-
ing	a	SARS-CoV-2	infection	while	undergoing	a	transplantation	pro-
cedure	using	porcine-derived	materials	should	be	considered	low	but	
likely needs to be properly assessed. Until this is the case, donor pigs 
can	simply	be	tested	by	PCR	for	the	presence	of	SARS-CoV-2	viral	
RNA	or	once	available	by	serology	for	antibodies	to	further	rule	out	
any infection. This practice is currently already in place for human 
blood	donors	in	Wuhan	and	Hubei	Province	in	China.30

In	summary,	SARS-CoV-2	is	emerging	and	spreading	at	a	high	rate	
in the human population. Due to the large number of infected people 
often	with	high	virus	loads,	SARS-CoV-2	could	potentially	spill	over	
in other species including pigs and this should be monitored closely. 
Evidence	 from	SARS-CoV	would	 suggest	 that	 it	 is	 likely	 to	 detect	
SARS-CoV-2	RNA	in	pigs	but	perhaps	unlikely	that	the	virus	would	
be amplified in pigs.
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