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Abstract
Several	evidence	suggests	that,	in	addition	to	the	respiratory	tract,	also	the	gastro-
intestinal	tract	is	a	main	site	of	severe	acute	respiratory	syndrome	CoronaVirus	2	
(SARS-	CoV-	2)	infection,	as	an	example	of	a	multi-	organ	vascular	damage,	likely	
associated	 with	 poor	 prognosis.	 To	 assess	 mechanisms	 SARS-	CoV-	2	 responsi-
ble	of	tissue	infection	and	vascular	injury,	correlating	with	thrombotic	damage,	
specimens	 of	 the	 digestive	 tract	 positive	 for	 SARS-	CoV-	2	 nucleocapsid	 protein	
were	 analyzed	 deriving	 from	 three	 patients,	 negative	 to	 naso-	oro-	pharyngeal	
swab	 for	SARS-	CoV-	2.	These	COVID-	19–	negative	patients	came	 to	clinical	ob-
servation	 due	 to	 urgent	 abdominal	 surgery	 that	 removed	 different	 sections	 of	
the	 digestive	 tract	 after	 thrombotic	 events.	 Immunohistochemical	 for	 the	 ex-
pression	of	SARS-	CoV-	2	combined	with	a	panel	of	SARS-	CoV-	2	related	proteins	
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1 	 | 	 INTRODUCTION

Symptomatic	coronavirus	disease	2019	(COVID-	19)	patients	
have	been	commonly	identified	as	 individuals	who	devel-
oped	 signs	 and	 symptoms	 suggestive	 of	 COVID-	19.	 Even	
if	 epidemiology	 and	 virological	 studies	 suggest	 that	 virus	
transmission	 from	 an	 infected	 person	 mainly	 occur	 from	
respiratory	tract	through	direct	droplet	ad	aerosol	transmis-
sion,1	also	respiratory	asymptomatic	infections	play	an	im-
portant	role	in	infection	spread	and	clinical	outcome.2

As	 already	 reported,3	 evidences	 suggest	 that	 severe	
acute	respiratory	syndrome	CoronaVirus	2	(SARS-	CoV-	2)	
may	replicate	inside	various	cell	types	and	tissues	besides	
the	 lung,	 including	 the	 gastrointestinal	 tract,	 suggesting	
intestine	as	a	main	site	of	SARS-	CoV-	2	infection.3

The	ability	of	SARS-	CoV-	2	to	infect	a	broad	spectrum	
of	tissues	could	be	imputed	to	the	diffuse	tissue	expression	
of	 SARS-	CoV-	2	 cellular	 receptor	 angiotensin-	converting	
enzyme	2	(ACE2),4	which	regulates	blood	pressure,	fluids,	
electrolyte	balance	and	systemic	vascular	resistance.4,5

ACE2	was	established	as	the	functional	host	receptor	
for	SARS-	CoV-	2,6	and	its	presence	could	confer	suscepti-
bility	to	host	cell	entry	of	the	virus.

Besides	ACE2,	other	molecules	seem	to	participate	in	
SARS-	CoV-	2	 infection,7	 including	several	molecules	that	
might	be	involved	in	SARS-	CoV-	2	cell	susceptibility,	such	
as	Neuropilin	1	and	cluster	of	differentiation	147	(CD147),	
cyclophilin	 A,	 reported	 to	 be	 associated	 with	 enhanced	
viral	infection.8–	12

CD147	is	expressed	in	a	wide	range	of	tissues,	including	
lungs	and	intestinal	vascular	endothelium,13	where	it	plays	a	
role	in	the	control	of	intestinal	inflammation.14	CD147	expres-
sion	is	increased	during	pathological	conditions	in	the	lung,	

bowel	tissues,13	and	during	stroke.15	Recent	studies	described	
a	possible	interaction	between	CD147	binding	site	and	SARS-	
CoV-	2	spike	protein	(SP)	receptor-	binding	domain	by	electro-
static	interactions	involving	the	residues	Arg403,	Asn481,	and	
Gly502.16	The	 treatment	 with	 Meplazumab,	 an	 anti-	CD147	
humanized	 antibody,	 is	 able	 to	 inhibit	 SARS-	CoV-	2	 infec-
tion.8	Again,	Fenizia	et	al.,	have	reported	that	CD147	binding	
to	cyclophilin	A	does	not	play	a	role	in	SARS-	CoV-	2	entry,	but	
CD147	regulates	ACE2	levels	and	both	receptors	are	affected	
by	virus	infection,	supporting	a	possible	CD147	involvement	
in	 SARS-	CoV-	2	 infection.17	 Anyway,	 controversial	 results	
were	reported	with	no	evidence	for	a	direct	SARS-	CoV-	2	spike	
binding	for	CD147.18	This	is	suggestive	of	a	possible	role	of	
CD147	 as	 a	 susceptibility	 factor	 for	 SARS-	CoV-	2	 infection	
that	might	cooperate	with	SARS-	CoV-	2	specific	receptors.	In	
particular,	CD147	expression	has	been	reported	on	vascular	
endothelium	in	the	absence	of	ACE2,	underlying	the	poten-
tial	implication	of	this	molecules	in	vascular	damages	due	to	
SARS-	CoV-	2	infection,	independently	from	ACE2	presence.19

In	this	view,	the	engagement	of	both	ACE2	and	CD147	
by	 SARS-	CoV-	2	 may	 explain	 the	 vascular	 damage	 and	
thrombosis	associated	to	excessive	inflammation	observed	
in	COVID-	19	patients.20	The	detrimental	effect	of	SARS-	
CoV-	2	infection	at	vascular	level	is	also	confirmed	by	the	
elevated	vascular	endothelial	growth	factor	(VEGF)	levels	
found	in	COVID-	19	patients.21

Despite	SARS-	CoV-	2	infection	triggers	to	cytokine-	storm	
process	 in	 COVID-	19	 patients,22	 the	 host	 immune	 system	
could	not	efficiently	counteract	 the	 infection.23	 It	 is	known	
that	 viruses	 may	 induce	 the	 expression	 of	 immunomodu-
latory	 non-	classical	 human	 leukocyte	 antigen	 class-	I	 mole-
cules,24	 such	 as	 human	 leukocyte	 antigen-	E25	 and	 human	
leukocyte	antigen-	G	(HLA-	G).26	HLA-	G	controls	the	immune	

angiotensin-	converting	enzyme	2	receptor,	cluster	of	differentiation	147	(CD147),	
human	leukocyte	antigen-	G	(HLA-	G),	vascular	endothelial	growth	factor	(VEGF)	
and	matrix	metalloproteinase-	9	was	performed.	Tissue	samples	were	also	evalu-
ated	by	electron	microscopy	for	ultrastructural	virus	localization	and	cell	charac-
terization.	The	damage	of	the	tissue	was	assessed	by	ultrastructural	analysis.	It	has	
been	observed	that	CD147	expression	levels	correlate	with	SARS-	CoV-	2	infection	
extent,	vascular	damage	and	an	increased	expression	of	VEGF	and	thrombosis.	
The	confirmation	of	CD147	co-	localization	with	SARS-	CoV-	2	Spike	protein	bind-
ing	on	gastrointestinal	tissues	and	the	reduction	of	the	infection	level	in	intestinal	
epithelial	cells	after	CD147	neutralization,	suggest	CD147	as	a	possible	key	factor	
for	viral	susceptibility	of	gastrointestinal	tissue.	The	presence	of	SARS-	CoV-	2	in-
fection	of	gastrointestinal	tissue	might	be	consequently	implicated	in	abdominal	
thrombosis,	where	VEGF	might	mediate	the	vascular	damage.
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system	activation	by	 interacting	with	specific	 inhibitory	 re-
ceptors	expressed	on	immune	cells.27	HLA-	G	immunomod-
ulatory	function	is	exploited	by	viruses	as	an	immune-	escape	
mechanism,28,29	 and	 has	 recently	 reported	 in	 SARS-	CoV-	2	
gastroenteric	infection,3	suggesting	a	role	of	HLA-	G	in	gastro-
intestinal	pathogenetic	mechanisms	in	COVID-	19.

Another	regulator	of	the	COVID-	19	inflammatory	pro-
cess	is	represented	by	matrix	metalloproteinases-	9	(MMP-	
9),	 which	 is	 considered	 an	 early	 indicator	 of	 respiratory	
failure30	 and	 has	 been	 also	 reported	 as	 involved	 in	 the	
modulation	 of	 inflammation	 in	 intestinal	 pathological	
conditions.31	Moreover,	MMPs	are	known	to	be	involved	
in	HLA-	G	cleavage32	and,	in	particular,	MMP-	9	is	known	
to	be	upregulated	in	lung	macrophages	via	CD147,15,33,34	
together	with	VEGF	increase	in	bowel	disease.

In	this	study,	the	presence	of	SARS-	CoV-	2	infection	was	
investigated	 in	 digestive	 tract	 tissues	 specimens	 obtained	
from	 three	 SARS-	CoV-	2	 tested	 negative	 patients	 that	 un-
derwent	 abdominal	 surgery	 for	 acute	 abdominal	 symp-
toms	and	that	presented	a	clinical	history	very	suspicious	
for	COVID-	19	infection.	Tissues	were	evaluated	for	the	ex-
pression	of	SARS-	CoV-	2	nucleocapsid	protein	(NP),	ACE2,	
CD147,	 HLA-	G,	 VEGF,	 and	 MMP-	9.	 Moreover,	 transmis-
sion	electron	microscopy	(TEM)	analyses	were	performed	
in	order	to	characterize	morpho-	functional	alterations.

2 	 | 	 MATERIAL AND METHODS

The	 study	 adheres	 to	 the	 ethical	 principles	 for	 medi-
cal	 research	 involving	 human	 subjects	 as	 required	 by	
the	2013	 revision	of	 the	Declaration	of	Helsinki—	WMA	
Declaration	 of	 Helsinki—	Ethical	 Principles	 for	 Medical	
Research	Involving	Human	Subjects.

The	study	was	structured	in	accordance	with	the	STROBE	
guidelines	for	observational	studies	and	STROME-	ID	for	re-
porting	of	molecular	epidemiology	for	infectious	diseases.	
It	was	evaluated	by	the	Ethics	Committee	of	the	Area	Vasta	
Emilia	Centro	della	Regione	Emilia-	Romagna	(CE-	AVEC)	
with	the	number	122/2021/Oss/AOUFe.

2.1	 |	 Patients

Three	patients	(1	female	and	2	male)	aged	64–	76	present-
ing	 with	 acute	 abdominal	 symptoms	 were	 respectively	
submitted	 to	 ileum	 and	 gallbladder	 surgical	 resection	
	(patient	 1),	 sigmoidectomy	 (patient	 2),	 and	 duodenal-	
jejunum	tract	 resection	(patient	3)	at	 the	Department	of	
Surgical	Emergencies	at	the	University	Hospital	of	Ferrara	
(Italy).	 On	 admission,	 patients	 did	 not	 show	 any	 usual	
clinical	signs	of	COVID-	19.	Patient	clinical	characteristics	
are	reported	in	Table 1.

During	 hospitalization,	 patients	 performed	 multiple	
times	oro/naso-	pharyngeal	 swabs	 resulting	always	nega-
tive	for	SARS-	CoV-	2.	All	the	surgical	specimens	were	col-
lected	and	routinely	processed	at	the	Pathology	Lab.

2.2	 |	 Immunohistochemical analysis

Immunohistochemical	 (IHC)	 analysis	 was	 performed	
on	 the	 collected	 samples	 for	 detection	 of	 SARS-	CoV-	2	
NP	 (NB100-	56576,	 Novus	 Biologicals,	 Centennial,	 1:250	
dilution),	 HLA-	G	 antibody	 (MEM-	G2,	 Exbio,	 dilution	
1:400),	 CD147	 (clone	 MEM-	M6/1,	 dilution	 1:100,	 Novus	
Biologicals),	 ACE2	 (clone	 EPR4435-	2,	 1:250	 dilution,	
Abcam),	VEGF-	A	(VG-	1,	5 µg/ml	concentration,	Abcam),	
MMP9	 (clone	 EP1254,	 1:1000	 dilution,	 Abcam).	 Slides	
were	counterstained	with	H-	E.	Specificity	for	SARS-	CoV-	2	
staining	 was	 investigated	 performing	 SARS-	CoV-	2	 NP	
IHC	analysis	on	samples	obtained	from	a	non	COVID-	19	
patient,	as	described	previously3	(Figure	S1).

2.3	 |	 Evaluation of SARS- CoV- 2 SP 
binding and CD147 expression on 
bowel tissues

SARS-	CoV-	2	SP	binding	and	CD147	expression	was	evalu-
ated	on	bowel	samples	from	non-	COVID-	19	patients	by	IHC	
analysis.35,36	Briefly,	tissue	slides	were	incubated	with	trim-
eric	 full-	length	 SARS-	CoV-	2	 SP	 (1  µg/ml,	 AcroBiosystems)	
for	1 h	at	RT,	in	order	to	allow	protein-	receptor	binding,	and	
then	incubated	with	SARS-	CoV-	2	SP	antibody	(dilution	1:400,	
SinoBiological)	for	detection.	The	same	experiment	was	per-
formed	also	adding	CD147	antibody	(clone	MEM-	M6/1,	di-
lution	 1:100,	 Novus	 Biologicals),	 following	 the	 ImmPRESS	
Duet	Double	Staining	Polymer	Kit	(Vector	Laboratories)	pro-
tocol	to	visualize	SARS-	CoV-	2	SP	and	CD147	co-	localization.

2.4	 |	 Cell lines

Human	colorectal	adenocarcinoma	Caco-	2	cell	line	(ATCC	
HTB-	37)	was	grown	in	EMEM	medium	with	1%	l-	glutamine,	
1%	 Penicillin/Streptomycin	 and	 20%	 FBS.	 Vero	 E6	 cells	
(ATCC	CRL-	1586)	were	grown	in	EMEM	medium	with	1%	
l-	glutamine,	1%	Penicillin/Streptomycin,	and	10%	FBS.

2.5	 |	 SARS- CoV- 2 infection and viral 
RNA detection

SARS-	CoV-	2,	a	kind	gift	of	Professor	Arnaldo	Caruso	from	
University	of	Brescia,	was	isolated	from	a	nasopharyngeal	
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swab	retrieved	from	a	patient	with	COVID-	19	(Caucasian	
man	 of	 Italian	 origin,	 genome	 sequences	 available	 at	
GenBank	 -		 SARS-	CoV-	2-	UNIBS-	AP66:	 ERR4145453).37	
This	SARS-	CoV-	2	isolate	clustered	in	the	B1	clade	which	
includes	 most	 of	 the	 Italian	 sequences,	 together	 with	
sequences	 derived	 from	 other	 European	 countries	 and	
United	 States.	 The	 identity	 of	 the	 strain	 was	 verified	
in	 Vero	 E6	 cells	 using	 real-	time	 polymerase	 chain	 reac-
tion	 (PCR)	 and	 metagenomic	 sequencing,	 from	 which	
the	reads	were	mapped	to	nCoV-	2019	(genomic	data	are	
available	at	EBI	under	study	accession	no.	PRJEB38101).	
We	 propagated	 the	 clinical	 isolate	 in	 Vero	 E6	 cells	 and	
determined	the	viral	titer	using	a	standard	plaque	assay.	
Caco-	2	cells	were	infected	with	a	multiplicity	of	infection	
(MOI)	 of	 0.05	 for	 1  h	 at	 37°C.	 RNA	 extraction	 was	 per-
formed	24 h	post	infection	(hpi)	as	described	previously25	
by	using	MagMAX	Viral/Pathigen	Nuclei	Acid	 Isolation	
kit	(ThermoFisher,	Italy)	according	to	the	manufacturer's	
instructions.	 SARS-	CoV-	2	 titration	 by	 RealTime-	PCR	
was	performed	with	the	TaqMan	2019nCoV	assay	kit	v1	
(ThermoFisher,	Italy).

2.6	 |	 ACE2 and CD147 blocking assay

ACE2	and	CD147	blocking	was	performed	in	Caco-	2	cells	
using	 the	 specific	 neutralizing	 antibodies	 Anti-	ACE2	
(human)	 mAb	 blocking	 (AC384)	 (AdipoGen;	 USA)	 and	

the	 CD147	 Monoclonal	 Antibody	 (RL73),	 Functional	
Grade	(eBioscience;	USA).	Briefly,	Caco-	2	cells	were	incu-
bated	with	the	neutralizing	antibodies	(alone	or	in	com-
bination)	at	the	concentration	of	0.5 ug/ml	for	1 h,	before	
SARS-	CoV-	2	 infection.	 Then,	 cells	 were	 infected	 with	
SARS-	CoV-	2	inoculum	at	a	MOI	of	0.05	and	RNA	was	col-
lected	for	viral	titration,	as	described	above.

2.7	 |	 Transmission electron microscopy

For	TEM	analysis,	samples	were	fixed	in	2.5%	glutaral-
dehyde	in	0.1 M	phosphate	buffer	pH	7.4	and	post-	fixed	
in	 2%	 osmium	 tetroxide,	 dehydrated	 in	 acetone	 solu-
tions	and	included	in	Araldite	Durcupan	ACM	(Fluka).	
Samples	 were	 then	 counterstained	 with	 uranyl	 acetate	
in	 saturated	 solution	 and	 lead	 citrate	 and	 observed	
under	 transmission	 electron	 microscope	 Zeiss	 EM910	
at	 100	 kv.	 Duodenal	 and	 colon	 samples	 obtained	 from	
non-	COVID-	19	patients	were	also	analyzed	to	compare	
the	results.

2.8	 |	 Statistical analysis

IHC	 slide	 images	 were	 analyzed	 using	 QuPath	 software	
for	evaluation	of	cell	percentage	positivity	and	H-	Score	for	
each	antigen	investigated.

T A B L E  1 	 Patient's	clinical	characterization

Patients Sex, age Relevant clinical features Symptoms ad admission Biological parameters

Patient	1 F,	76 Hypercholesterolemia,	
heavy	smoker,	
mastectomy	for	
breast	cancer	30 years	
previously

Abdominal	pain	and	vomiting White	blood	cells	15.76	×103/μl,	lactate	
dehydrogenase	293	U/L

No	chronic	therapy Abdominal	CT	showed	on	an	
atherosclerotic	plaque	in	
proximity	of	the	celiac	trunk,	
abdominal	fluid	accumulation	
and	distended,	radiologically	
heterogeneous,	gallbladder	
(no	gallstones),	surrounded	
by	fluid

She	died	at	home	4 months	later

Patient	2 F,	64 None Severe	abdominal	pain Hemoglobin	8.6 g/dl,	white	blood	cells		
1.20	×	103/μl,	D-	dimer	4.4 μg/ml,	C-	reactive	
protein	32 mg/dl,	Troponin	I	448 ng/L,		
B-	type	natriuretic	peptide	230 pg/ml

No	chronic	therapy

Patient	3 M,	79 Coronary	heart	disease	and	
dilated	ventricular	apex

Abdominal	pain	and	high	fever Hemoglobin	8.6 g/dl,	White	blood	cells	1.40	×	
103/μl,	Procalcitonin	79 ng/ml,	C-	reactive	
protein	25 mg/dl,	Prothrombin	time	4.16 s,	
D-	dimer	3.38 μg/ml

Treated	with	warfarin
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An	 H-	score	 between	 0	 and	 300	 was	 obtained	 where	
300	 was	 equal	 to	 100%	 of	 cells	 strongly	 stained	 (3+).	
Frequencies	were	analyzed	by	Chi-	square	test	and	H-	Score	
comparisons	were	evaluated	by	Student	t-	test.	The	statisti-
cal	analysis	was	performed	by	GraphPad	Software.

3 	 | 	 RESULTS

3.1	 |	 Digestive tract showed a differential 
susceptibility to SARS- CoV- 2 infection

The	 analysis	 of	 specimens	 from	 gallbladder,	 ileum,	
duodenal-	jejunum	tract,	and	colon	resections	evidenced	a	
different	distribution	of	SARS-	CoV-	2	infection	(Figure 1).	
As	showed	in	Figure 1A–	D,	the	highest	presence	of	SARS-	
CoV-	2	 infection	 was	 found	 in	 gallbladder	 from	 patient	
1	 (Figure  1B)	 and	 in	 colon	 from	 patient	 2	 (Figure  1C).	
Considering	 the	 percentage	 of	 positive	 cells	 for	 SARS-	
CoV-	2	NP,	 there	was	a	 significant	difference	among	 the	
four	 tissues	 analyzed	 (Figure  2A),	 with	 the	 highest	 fre-
quency	of	positive	cells	in	the	gallbladder	from	patient	1	
(p < .0001).	This	trend	was	confirmed	also	in	terms	of	the	
amount	of	viral	presence	expressed	as	H-	Score	(Figure 2B,	
p < .01	and	p < .001).	Interestingly,	considering	patients	
1,	a	different	distribution	between	gallbladder	and	ileum	
was	observed,	supporting	the	evidence	of	a	different	sus-
ceptibility	 to	 SARS-	CoV-	2	 infection	 of	 the	 two	 tissues	
(Figures 1A,B	and	2A,B).

3.2	 |	 CD147 expression and SARS- CoV- 2 
gastrointestinal infection

The	four	specimens	were	then	investigated	for	the	expres-
sion	 of	 ACE2	 and	 CD147	 surface	 molecules.	 The	 IHC	
analyses	 (Figure  1E–	H)	 revealed	 that	 ACE2	 is	 expressed	
in	all	the	tissues,	except	for	the	colon	sample	from	patient	
2	(Figure 1G),	as	confirmed	also	by	evaluation	of	positive	
cell	percentage	(Figure 2A,	p	<	.0001	Chi-	square	test)	and	
by	H-	Score	(Figure 2C;	p < .05	and	p < .001).	This	result	
was	very	controversial,	 since	a	consistent	presence	of	 in-
fection	 in	 the	 colon	 sample	 from	 patient	 2	 was	 reported	
(Figure  1C).	 The	 IHC	 analysis	 for	 CD147	 (Figure  1I–	L)	
showed	 the	 highest	 expression	 in	 patient	 1	 gallbladder	
(Figure 1J),	while	mild	expression	in	the	colon	of	patient	2	
(Figure 1K)	and	a	low	expression	in	ileum	of	patient	1	and	
in	duodenum	of	patient	3	(Figure 1I,L)	was	found	respec-
tively,	as	confirmed	by	positive	cell	percentage	(Figure	 2A,	
p	<	.0001)	and	H-	Score	(Figure 2D;	p	<	.01)	analysis.	The	
increased	 expression	 of	 CD147	 observed	 in	 gallbladder	
from	 patient	 1	 (Figure  1J)	 and	 in	 colon	 from	 patient	 2	
(Figure 1K)	correlates	with	the	amount	of	SARS-	CoV-	2	in-
fection	detected	in	these	two	samples,	suggesting	CD147	as	
crucial	in	SARS-	CoV-	2	cell	entry	at	the	digestive	tract	level,	
despite	ACE2	expression.	This	observation	is	strengthened	
by	the	different	expression	of	CD147	found	in	ileum	and	
gallbladder	 samples	 from	 patient	 1	 (Figure  1I,J),	 in	 con-
trast	with	the	comparable	expression	of	ACE2	in	the	two	
samples	(Figure 1E,F),	where	a	correlation	between	high	

F I G U R E  1  Biopsies	immunohistochemical	analysis.	Patient	1	ileum	(upper	line	panels)	and	gallbladder	(second	line	panels),	Patient	
2	colon	(third	line	panels)	and	Patient	3	ileum	(bottom	panels)	were	stained	for	SARS-	CoV-	2	NP	(CoV-	2,	A–	D);	ACE2	(E–	H),	CD147	(I–	L),	
MMP-	9	(M–	P),	HLA-	G	(Q–	T),	and	for	VEGF	(right	column	panels)	at	site	of	infection	(overlapping)	or	in	an	adjacent	area	(nearby).	Samples	
were	also	stained	with	control	isotype	and	with	Hematoxylin-	Eosin	staining	(left	column	panels).	Images	magnification	is	20×	or	40×
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F I G U R E  2  Evaluation	of	sample	staining	by	QuPath	software.	All	the	antigens	investigated	by	IHC	analysis	in	tissue	biopsies	were	
evaluated	by	QuPath	software	for	positive	cell	percentage	(A)	and	for	H-	Score	(B–	H)	for	each	antigen	(SARS-	CoV-	2	NP	(B),	ACE2	(C)	CD147	
(D),	MMP-	9	(E),	HLA-	G	(F)	VEGF	overlapping	(G),	and	nearby	(H)	the	site	of	infection)
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CD147	expression	and	presence	of	SARS-	CoV-	2	has	been	
found	in	the	gallbladder,	but	not	in	the	ileum.

3.3	 |	 MMP- 9 expression during  
SARS- CoV- 2 infection is independent from 
viral entry

Tissue	samples	were	then	stained	for	MMP-	9,	which	has	
been	 described	 associated	 to	 lung	 function	 reduction	 in	
COVID-	19	patients.30	MMP-	9	expression	was	found	in	all	
the	samples	analyzed	(Figures 1M–	P	and	2A,E),	with	no	
significant	differences.	This	result	suggests	that,	contrary	
to	what	has	been	observed	 in	 the	 lungs,	MMP-	9	expres-
sion	in	the	digestive	tract	is	not	involved	in	the	pathogenic	
process	associated	to	the	virus.

3.4	 |	 SARS- CoV- 2 digestive tract infection 
modulates HLA- G expression and shedding 
via CD147

HLA-	G	 expression	 at	 gut	 level	 has	 been	 reported	 to	
be	 modulated	 by	 SARS-	CoV-	2	 as	 a	 mechanism	 of	
immune-	escape.3

The	 analysis	 for	 the	 presence	 of	 HLA-	G	 in	 the	 four	
tissue	 samples	 reported	 a	 low-	mild	 expression	 in	 pa-
tient	 1	 ileum,	 patient	 2	 colon	 and	 patient	 3	 duodenum	
(Figure  1Q,S,T),	 while	 a	 significant	 lower	 HLA-	G	 ex-
pression	 was	 found	 in	 the	 gallbladder	 from	 patient	 1	
(Figure 1R)	in	terms	of	both	cell	percentage	(Figure 2A,		
p	<	.001)	and	H-	Score	(Figure 2F,	p	<	.01).	Since	HLA-	G	is	
not	normally	expressed	at	the	digestive	tract	level,	the	re-
ported	presence	of	the	molecule	seems	to	confirm	its	role	
in	 SARS-	CoV-	2	 immune-	escape.	 Furthermore,	 HLA-	G	
expression	 inversely	 correlate	 with	 CD147,	 suggesting	
that	 the	 ability	 of	 CD147	 to	 also	 modulate	 other	 MMPs	
than	MMP-	938	may	contribute	to	HLA-	G	membrane	shed-
ding.32	Possibly,	the	high	expression	of	CD147	(Figure 1J)	
reported	in	gallbladder,	but	not	in	the	ileum,	from	patient	
1,	could	be	responsible	for	the	loss	of	HLA-	G	observed	via	
CD147/MMPs	induction	on	the	gallbladder	sample.

3.5	 |	 SARS- CoV- 2 digestive tract infection 
leads to venous thrombotic event via VEGF

In	 order	 to	 evaluate	 the	 possible	 correlation	 between	
SARS-	CoV-	2	infection	and	abdominal	damage	associated	
to	 thrombosis,	 all	 samples	were	evaluated	 for	VEGF	ex-
pression	in	the	same	areas	which	SARS-	CoV-	2	IHC	reac-
tivity	was	demonstrated	(Figure 1	overlapping)	and	also	in	
the	adjacent	area	(Figure 1	nearby).	An	increased	VEGF	

expression	was	found	in	areas	with	SARS-	CoV-	2	presence	
in	 patient	 1	 gallbladder	 (Figure  1	 overlapping),	 show-
ing	 statistical	 significance	 considering	 the	 percentage	 of	
positive	cells	(Figure 2A,	p	<	.00001),	but	not	in	terms	of		
H-	Score	(Figure 2G),	even	if	patients	2	gallbladder	showed	
higher	score	compared	with	the	other	samples.

Concerning	VEGF	expression	in	the	infection	adjacent	
area	(Figure 1	nearby),	patient	3	duodenum	showed	the	
highest	percentage	of	VEGF	positive	cells	(Figures 1	and	
2,	p = .0014)	and	the	highest	H-	Score	(Figure 2H),	without	
reaching	significance.

These	 data	 suggested	 a	 role	 of	 the	 virus	 in	 inducing	
VEGF	expression,	possibly	facilitating	the	onset	of	the	ve-
nous	thrombotic	event.	This	is	even	more	evident	concern-
ing	patient	1	gallbladder,	where	the	expression	of	VEGF	is	
associated	to	a	notable	SARS-	CoV-	2	presence	(Figure 1B).

3.6	 |	 SARS- CoV- 2 SP binding- site 
co- localizes with CD147 expression in 
gastrointestinal tissues

We	evaluated	the	possible	co-	localization	of	SARS-	CoV-	2	
SP	binding-	site	and	CD147	expression	in	bowel	tissues	of	
SARS-	CoV-	2–	negative	samples.

As	shown	in	Figure 3,	SARS-	CoV-	2	SP	is	able	to	bind	
bowel	tissues	as	gallbladder	and	ileum	in	the	proximity	of	
sites	were	CD147	is	expressed.	The	double	staining	assay	
showed	a	co-	localization	of	CD147	and	SP	proteins,	that	
supports	a	possible	CD147	involvement	in	viral	infection	
in	gastrointestinal	tissues.16,17

As	a	proof	of	concept,	we	analyzed	the	role	of	CD147	in	
SARS-	CoV-	2	infection	of	epithelial	intestinal	cells.	Caco-	2	
cell	line	was	infected	with	SARS-	CoV-	2,	and	the	viral	load	
was	 evaluated	 by	 quantitative	 reverse-	transcription	 PCR.	
We	confirmed	that	Caco-	2	cell	line	is	permissive	to	SARS-	
CoV-	2	 infection	 (Figure  4A).	 Since	 Caco-	2	 cells	 express	
both	ACE2	and	CD147	receptors14	we	blocked	both	of	them	
to	evaluate	their	role	in	SARS-	CoV-	2	infection	of	epithelial	
intestinal	cells.	The	blocking	of	the	ACE-	2	receptor	reduced	
the	 viral	 load	 (Figure  4B).	 Interestingly,	 the	 blocking	 of	
CD147	reduced	drastically	SARS-	CoV-	2	infection	of	Caco-	2	
cells,	similarly	to	ACE-	2/CD147	blocked	cells	(Figure 4B).	
These	results,	in	an	in	vitro	setting,	suggest	a	role	of	CD147	
in	SARS-	CoV-	2	infection	of	epithelial	intestinal	cells.

3.7	 |	 SARS- CoV- 2 infection induces 
morphological changes in the 
digestive tract

TEM	 analysis	 was	 performed	 in	 order	 to	 characterize	
morpho-	functional	 alterations	 and	 differences	 of	 the	
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three	 patient	 tissues.	 A	 significantly	 different	 morpho-
logical	gut	microvilli	profile	was	revealed.	A	colon	sam-
ple	and	a	duodenal	sample	from	non-	COVID-	19	patients	
showed	the	well	organized	and	aligned	microvilli,	with	
a	 regular	 distribution	 protruding	 from	 the	 apical	 cell	
membrane	 (acm)	 and	 a	 homogeneous	 glycocalyx	 (gc)	
(Figure 5A–	D).	In	the	colon	of	patient	2	and	in	the	duo-
denum	of	patient	3	microvilli	displayed	a	shorter	length	
than	the	normal	condition,	they	were	severely	damaged	
and,	 in	 the	 colon,	 a	 section	 appears	 detached	 from	 the	
epithelium	(Figure 5E–	H).	It	was	not	possible	to	evalu-
ate	 the	morphological	state	of	 the	 ileum	of	patient	1	as	
the	 tissue	appeared	completely	haemorrhagic	 (data	not	
shown).

Subsequently,	 for	 the	 three	 patients,	 the	 apical	 re-
gion	and	the	 lamina	propria	were	also	analyzed.	Patient	
1	ileum	presented	a	high	inflammation	status	and	it	was	
not	possible	to	appreciate	the	morphology	of	the	compo-
nents	of	 the	 intestinal	 epithelium.	 In	particular,	 in	both	
acquisitions	a	significant	number	of	erythrocytes	(e)	can	
be	seen	(Figure	S2A,B).	 In	patients	2	and	3	samples,	cy-
toplasmic	rarefaction	accompanied	by	an	overall	disinte-
gration	of	the	various	cellular	components,	can	generally	
be	observed.	In	patient	2	colon	sample	goblet	cells	can	be	
appreciated,	 as	 well	 as	 cytoplasmic	 secretory	 granules,	

adsorption	cells,	and	mucus	granules	are	shown	in	the	du-
odenum	of	patient	3	(Figure	S2C–	F).

4 	 | 	 DISCUSSION

Concerning	 COVID-	19,	 the	 presence	 of	 a	 peculiar	 in-
testinal	 pathological	 condition	 has	 not	 been	 reported	
previously,	 although	 the	 intestinal	 infarct	 represents	 an	
interstitial	pneumonia	complication	in	positive	COVID-	19	
patients.39,40

In	this	work,	digestive	tract	specimens	obtained	from	
three	persistently	SARS-	CoV-	2-	negative	patients	that	un-
derwent	 abdominal	 surgery	 for	 acute	 abdominal	 symp-
toms	and	that	presented	a	clinical	history	suspicious	 for	
COVID-	19	infection,	were	characterized	for	SARS-	CoV-	2	
presence,	 specific	 antigens	 expression	 and	 morphology,	
with	the	aim	to	investigate	the	possible	direct	effect	of	the	
virus	in	the	onset	of	intra-	abdominal	venous	thrombotic	
events.

Our	 results	 reported	 the	presence	of	SARS-	CoV-	2	 in-
fection	 in	 all	 the	 samples	 analyzed	 (Figure  1A–	D),	 with	
the	highest	 levels	 found	in	patient	1	gallbladder	and	pa-
tient	2	colon	in	term	of	H-	Score	(Figure 2B).	Interestingly,	
the	comparison	between	patient	1	ileum	and	gallbladder	

F I G U R E  3  Evaluation	of	SARS-	
CoV-	2	Spike	Protein	(SP)	binding-	site	
and	to	CD147	co-	localization	in	non-	
COVID19	bowel	samples	by	IHC	analysis.	
The	upper	panel	reports	the	double	IHC	
staining	for	SP	(magenta)	and	CD147	
(brown);	the	middle	panel	shows	the	SP	
(brown)	binding	to	the	tissues	(ileum	and	
gallbladder);	the	lower	panel	represents	
tissue	staining	for	Isotype	control.	Black	
arrows	indicate	SARS-	CoV-	2	SP-	CD147	
co-	localization.	Magnification	60×
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revealed	a	different	amount	of	viral	infection	(Figure 1B),	
which	 was	 significantly	 higher	 in	 gallbladder	 sample	
(Figure 2A,B),	suggesting	a	different	susceptibility	of	the	
two	 tissues.	 We	 evaluated	 the	 expression	 of	 ACE2	 and	
CD147	surface	molecules.	ACE2	is	the	main	SARS-	CoV-	2	
receptor,	 while	 CD147	 is	 considered	 a	 possible	 suscepti-
bility	factor	for	SARS-	CoV-	2	infection,16	expressed	during	
pathological	 conditions	 in	 the	 lung,	 bowel	 tissues13	 and	
during	stroke.15

We	 observed	 a	 comparable	 expression	 of	 ACE2	 re-
ceptor	 in	 all	 tissues	 (Figure  1E–	H),	 except	 for	 patient	 2	
colon	(Figure 1G).	On	the	contrary,	there	is	a	differential	

expression	of	the	CD147	(Figure 1I–	N).	CD147	appeared	
to	be	highly	expressed	in	patient	1	gallbladder	(Figures 1L	
and	 2A,D),	 where	 we	 also	 observed	 ACE2	 expression.	
Patient	 2	 colon	 sample,	 despite	 the	 absence	 of	 ACE2	
expression,	 presented	 a	 reliable	 expression	 of	 CD147	
(Figure 1M)	in	the	presence	of	a	significant	SARS-	CoV-	2	
infection.	 These	 data	 suggest	 a	 possible	 involvement	 of	
CD147	 in	 gastrointestinal	 SARS-	CoV-	2	 infection,	 that	
might	act	 in	 the	presence	of	 low	 levels	of	ACE2	expres-
sion.	No	significant	difference	was	observed	in	MMP-	9	ex-
pression	(Figures 1O–	R	and	2A,E).	In	fact,	despite	CD147	
induce	 MMP-	9	 expression41	 and	 increased	 MMP-	9	 has	

F I G U R E  4  In	vitro	evaluation	of	SARS-	CoV-	2	infection	of	epithelial	intestinal	cells.	(A)	Caco-	2	cell	line	was	infected	with	SARS-	CoV-	2	
at	a	multiplicity	of	infection	(MOI)	of	0.05	for	1 h	at	37°C.	Images	of	cells	were	captured	with	an	optical	microscope	to	detect	the	typical	
SARS-	CoV-	2-	induced	cytolytic	effects.	(B)	Caco-	2	cells	were	pre-	treated	with	anti-	ACE2	(ACE2	blocked)	or	anti-	CD147	(CD147	blocked)	
moAbs	and	infected	with	SARS-	CoV-	2.	Viral	yield	was	quantified	in	the	cell	supernatant	using	quantitative	reverse-	transcription	PCR	
(qRT-	PCR).	Data	are	representative	of	three	independent	experiments
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been	 associated	 to	 lung	 failure	 in	 COVID-	19	 patients,30	
MMP-	9	was	not	found	increased	even	in	the	presence	of	
high	CD147	expression.

Again,	 the	 expression	 of	 HLA-	G	 in	 the	 presence	 of	
SARS-	CoV-	2	was	reported	in	all	the	intestinal	tissue	sam-
ples,	but	not	in	patient	1	gallbladder	sample	(Figures 1S–	V	
and	2A,F),	where	its	lack	was	associated	to	a	high	CD147	
expression.	The	modulation	of	HLA-	G	by	SARS-	CoV-	2	in	
the	gut	as	an	immunoescape	mechanism	has	already	been	
described	previously3	and	is	in	line	with	our	results.

It	 could	 be	 hypothesized	 that	 the	 absence	 of	 HLA-	G	
found	in	patient	1	gallbladder	(Figure 1T)	could	derive	by	
the	 shedding	 of	 HLA-	G	 due	 to	 other	 MMPs	 induced	 by	
CD147,33,34	supporting	once	again	a	differential	behaviour	
of	viral	infection	in	different	tissues,	mediated	by	a	pecu-
liar	CD147	expression.

Moreover,	the	analysis	of	VEGF	revealed	an	increased	
expression	 in	 the	 areas	 in	 which	 relevant	 SARS-	CoV-	2	
presence	was	demonstrated,	particularly	considering	pa-
tient	1	gallbladder	(Figure 1	overlapping,	Figure 2A,G),	in	
association	 to	 consistent	 CD147	 expression	 (Figure  1L).	
This	 data	 suggested	 that	 the	 onset	 of	 the	 thrombotic	
event	 during	 SARS-	CoV-	2	 infection	 may	 involve	 VEGF	
via	 CD147,	 in	 line	 with	 previous	 data	 reporting	 CD147	
involvement	 in	VEGF	modulation	 in	pathological	bowel	
conditions.14	 Moreover,	 CD147	 expression	 has	 been	 re-
ported	on	vascular	endothelium	in	the	absence	of	ACE2,	
underlying	the	potential	implication	of	this	molecules	in	

the	presence	of	vascular	damages	due	to	SARS-	CoV-	2	in-
fection,	independently	from	ACE2	presence.19

Our	finding	on	SARS-	CoV-	2	SP	binding-	site	on	bowel	
tissue	that	co-	localized	with	CD147	expression	(Figure 3)	
is	in	line	with	previous	results	concerning	CD147	engage-
ment	during	viral	infection16,17	and	supported	its	role	as	a	
susceptibility	 factor	 in	 SARS-	CoV-	2	 bowel	 infection	 and	
ischemia.	 As	 a	 proof	 of	 concept,	 the	 blocking	 of	 CD147	
receptor	 decreased	 drastically	 SARS-	CoV-	2	 infection	 in	
intestinal	epithelial	cells	(Figure 4B).

Finally,	 the	 morphological	 profile	 analysis	 of	 tissues	
samples	by	TEM	revealed	the	presence	of	microvilli	with	
a	significant	shorter	length,	partially	deepened	beyond	the	
acm	and	with	an	irregular	gc	distribution	in	patients	2	and	
3	COVID-	19	tissues,	compared	to	the	controls.

In	conclusion,	this	work	supported	the	existence	of	a	
peculiar	pathogenic	process	for	SARS-	CoV-	2	infection	in	
the	 digestive	 tract	 of	 patients	 without	 any	 symptom	 at-
tributable	to	typical	COVID-	19	disease	but	characterized	
by	 abdominal	 thrombosis.	 The	 hypothesis	 is	 that,	 since	
CD147	can	regulate	ACE2	levels	and	both	molecules	are	
affected	by	virus	infection,17	the	differential	expression	of	
CD147	observed	along	the	digestive	tract	might	determine	
a	different	tissue	susceptibility	to	SARS-	CoV-	2	infection.

In	fact,	the	highest	extent	of	infection	was	reported	in	
the	presence	of	high	CD147	expression,	which	was	in	turn	
associated	 with	 high	VEGF	 levels,	 suggesting	 a	 possible	
role	 in	 thrombosis	 onset	 in	 this	 patient	 subset.	 Anyway,	

F I G U R E  5  Morphology	evaluation	by	TEM	analysis.	Representative	TEM	images	of	the	epithelial	cell	apical	surface	microvilli	of:		
(A	and	B):	a	colon	of	non-	COVID-	19	subject;	(C	and	D):	a	duodenum	of	non-	COVID-	19	subject;	(E	and	F):	the	colon	of	the	second	Covid+	
patient;	(G	and	H):	the	duodenum	of	the	third	Covid+	patient.	Acm,	apical	cell	membrane;	gc,	glycocalyx.	Scale	bars	correspond	to	2 μm	
(A,C,E,G)	and	1 μm	(B,D,F,H)



   | 11 of 12BORTOLOTTI et al.

due	 to	 the	 small	 number	 of	 subjects	 evaluated	 in	 this	
study,	these	data	need	to	be	confirmed	in	a	larger	group	
of	samples.
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