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Abstract
Canine	parvovirus	(CPV-2)	modified-live	virus	vaccine	strain	can	replicate	in	lymphoid	tissues	and	intestinal	mucosa	after	
administration,	being	shed	through	canine	faeces.	Detection	of	vaccine	strains	has	been	reported	in	the	bloodstream	and	
faeces,	potentially	interfering	with	molecular	diagnostic	tests.	The	persistence	of	these	strains	in	canine	tissues	has	not	yet	
been	described.	With	this	aim,	canine	tissues	were	tested	during	a	molecular	survey	to	screen	for	the	presence	of	canine	
enteric	viruses.	Tissue	samples	from	165	dead	dogs	were	tested	by	a	conventional	PCR	assay.	Positive	samples	and	five	
commercial	vaccines	were	subjected	to	sequence	analysis.	Vaccinal	strains	were	detected	and	virus	load	was	measured	by	
using	a	set	of	real-time	PCR	assays	using	minor-groove	binder	(MGB)	probes.	Seventy-five	dogs	(45.4%)	tested	positive	
for	CPV-2.	Strains	from	70	dogs	were	characterised	as	field	variants.	The	presence	of	CPV	sequences	of	vaccine	origin	
was	observed	in	the	spleen,	intestine,	and	mesenteric	lymph	nodes	of	five	young	dogs.	Vaccinal	strains	were	detected	from	
12	to	24	days	after	the	last	vaccine	administration.	Viral	loads	comprised	between	6.3	× 102	and	9.95	× 104 DNA copies/10 
µl	of	template.	This	study	confirms	that	CPV	vaccinal	strains	can	be	detected	in	canine	tissues	after	vaccination,	so	post-
mortem	diagnosis	 of	CPV	 infection	 needs	 further	molecular	 analyses	 to	 assess	 the	 viral	 type	 (vaccine	 or	 field	 strains).	
The	present	 study	updates	 the	current	 information	on	 the	persistence	of	CPV	vaccine	strains	 in	canine	 tissues	and	 their	
possible	interference	with	molecular	assays.
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Introduction

Canine	parvovirus	type	2	(CPV-2)	is	the	causative	agent	of	
canine	parvovirosis,	 an	 acute	 and	often	 fatal	 viral	 disease	
characterised	 by	 severe	 gastroenteritis	 and	 lymphopenia,	
mainly	 affecting	 young	 dogs.	CPV	 is	 a	 small,	 non-envel-
oped	 single‐stranded	 DNA	 virus,	 included	 in	 the	 species	
Carnivore protoparvovirus 1,	a	member	of	the	Protoparvo-
virus	genus	(Family	Parvoviridae,	Subfamily	Parvovirinae) 
(Cotmore et al. 2019).	The	 original	CPV-2	 type	was	 first	
identified	 as	 a	 canine	 pathogen	 in	 the	 late	 1970s	 and	 has	
since	been	replaced	by	three	antigenic	and	genetic	variants,	
namely	CPV-2a,	CPV-2b,	and	CPV-2c	(Parrish	et	al.	1991; 
Buonavoglia et al. 2001). While the three CPV-2 variants 
are	 still	distributed	worldwide,	 the	original	CPV-2	 type	 is	
no	longer	circulating	in	the	field	and	is	present	only	in	some	
vaccines (Decaro and Buonavoglia 2017).

To	prevent	 canine	 parvovirus	 (CPV)	 infection	 in	 dogs,	
CPV	vaccines	are	highly	recommended	to	stimulate	a	pro-
tective	 antibody	 and	 cell-mediated	 immune	 response	 and,	
thus,	considered	as	core	vaccines	(WSAVA	2016; AAHA). 
Currently,	modified-live	virus	(MLV)	vaccine	formulations,	
including	the	original	CPV-2	type	or	the	CPV-2b	variant,	are	
licensed	and	available	in	the	market.	After	primary	vaccina-
tion	protocol	with	MLV	vaccines,	revaccination	is	required	
at	intervals	to	warrant	the	long	duration	of	immunity	(Day	
et al. 2016; Ford et al. 2017).

After	 administration	 of	MLV	 vaccines,	 CPV	 replicates	
in	lymphoid	tissues	and	intestinal	mucosa,	with	associated	
viraemia	and	fecal	shedding	for	a	short	(12–19	mean	days)	
period (Carmichael et al. 1981; Decaro et al. 2014). Detec-
tion of vaccine strains has been reported in the bloodstream 
and	 faeces,	 potentially	 interfering	 with	 diagnostic	 tests	
(Decaro et al. 2017; Freisl et al. 2017).	The	persistence	and	
distribution	of	CPV	vaccinal	strains	 in	canine	tissues	and,	
thus,	the	potential	occurrence	of	misleading	laboratory	diag-
noses	in	tissue	samples	have	not	yet	been	described.	During	
a	molecular	 survey	 of	 canine	 enteric	 viruses	 for	 diagnos-
tic	purposes,	the	presence	of	CPV	vaccine	strains	in	tissue	
samples	was	evidenced	and	herein	described.

Materials and methods

CPV vaccines and clinical samples

A	total	number	of	six	vaccine	formulations	licensed	in	Italy,	
including	 four	 CPV	 type	 2	 (154,	 CPV780916,	 NL-35-D,	
CAG2)	and	two	CPV	type	2b	(CPV39,	CPV-2b	Bio	12/B)	
vaccine	strains,	were	tested	(more	details	in	Supplementary	
file	1).

Between	2019	and	2021,	a	total	of	165	dead	dogs	were	
submitted	 to	 Istituto	 Zooprofilattico	 Sperimentale	 della	
Sicilia	“A.	Mirri”	(Palermo,	Italy)	for	diagnostic	purposes	
and	 subjected	 to	 necropsy.	 Tissue	 samples	 (brain,	 lungs,	
heart,	 kidneys,	 liver,	 spleen,	 intestine,	 mesenteric	 lymph	
nodes)	were	collected	and	stored	at	-80	°C	until	use.

Nucleic acid extraction and PCR

Lyophilised	vaccines	were	resuspended	in	1ml	of	PBS	and	
total	DNA	was	extracted	from	200	µl	of	the	suspensions	or	
ready-to-use	liquid	formulations	using	the	DNeasy	Blood	&	
Tissue	Kit	(Qiagen	S.p.A.),	according	to	the	manufacturer’s	
instructions.

All	 organ	 homogenates	 were	 obtained	 as	 previously	
described (Purpari et al. 2018).	 DNA	 and	 RNA	 were	
extracted	 using	 the	 DNeasy	 Blood	 &	 Tissue	 Kit	 and	 the	
QIAmp	Viral	RNA	Mini	Kit	(Qiagen	S.p.A.),	respectively,	
according	to	the	manufacturer’s	instructions.

A	 diagnostic	 PCR	 assay	 using	 the	 primers	 pair	 VP2-
850-Forward/VP2-1550-Reverse	 targeting	 the	 CPV	 VP2	
gene	 (Touihri	 et	 al.	2009)	was	 performed	 to	 evaluate	 the	
presence	of	CPV	DNA,	as	previously	described	(Mira	et	al.	
2018).	 Extracted	DNA	 and	RNA	were	 also	 tested	 for	 the	
presence of other canine viral pathogens such as canine ade-
noviruses (CAdV-1 and CAdV-2) (Hu et al. 2001),	canine	
coronavirus (CCoV) (Pratelli et al. 2001),	canine	distemper	
virus (CDV) (Barrett et al. 1993),	canine	rotavirus	(CRoV)	
(Freeman et al. 2008),	and	norovirus	(NoV)	(Bodnar	et	al.	
2017),	as	described	in	Schirò	et	al.	(2022).

Sequence analyses

Sequence	 analysis	 of	 the	vaccinal	CPV	genome	 sequence	
encompassing	the	VP2	coding	region	was	carried	out	using	
primers	pairs	2161	F/4823R	designed	by	Pérez	et	al.	(2014),	
as	previously	described	(Mira	et	al.	2019).

After	electrophoresis	on	agarose	gel	supplemented	with	
ethidium	bromide,	positive	amplicons	obtained	from	CPV	
vaccine	 strains	 and	 from	 CPV-2	 screening	 were	 purified	
with	 llustra™	GFX™	PCR	DNA	 and	Gel	Band	 Purifica-
tion	Kit	(GE	Healthcare	Life	Sciences,	UK).	Purified	PCR	
products	 were	 submitted	 to	 BMR	Genomics	 srl	 (Padova,	
Italy)	 for	direct	Sanger	sequencing	with	 the	same	primers	
for	CPV-2	screening	or,	for	CPV	vaccines	analysis,	with	a	
set	 of	 primers	 as	 previously	described	 (Mira	 et	 al.	2018). 
Sequences	were	assembled	and	analysed	using	BioEdit	ver	
7.2.5	software	(Hall	1999).	Sequences	were	analysed	with	
nBLAST	(Zhan	et	al.	2000)	to	search	related	sequences	in	
public	domain	databases	(Supplementary	file	2).	Viral	typ-
ing	was	based	on	the	analysis	of	VP2	amino-acid	(aa)	resi-
dues	discriminating	the	viral	 type	(CPV-2)	and	the	CPV-2	
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variants (Martella et al. 2005).	Sequence	data	were	submit-
ted	 to	 the	DDBJ/EMBL/GenBank	 databases	 under	 acces-
sion	numbers	reported	in	Table	1.

To	 elucidate	 the	 genetic	 relationships	 of	CPV	vaccinal	
strains	with	other	strains,	a	phylogenetic	tree	based	on	par-
tial	VP2	gene	sequences	was	constructed	with	 the	MEGA	
X	software	(Kumar	et	al.	2018),	using	the	maximum-like-
lihood	method	according	to	the	Tamura	3‐parameter	(T92)	
model	with	discrete	Gamma	distribution	(five	rate	catego-
ries)	(bootstrap	analyses	with	1,000	replicates).	The	model	
selection	was	performed	using	the	best‐fit	model	of	nucleo-
tide	substitution	test	with	MEGA	X	software.

MGB probe assays

CPV	vaccinal	 strains	 from	 tissue	samples	were	confirmed	
and	virus	load	was	measured	by	using	a	set	of	real-time	PCR	
assays	with	minor-groove	binder	(MGB)	probes	(Decaro	et	
al. 2006a,	b,	c).	Reactions	were	 carried	out	 following	 the	
protocols and the oligonucleotides reported in Decaro et al. 
(2007a).

Virus isolation

To	 evaluate	 the	 potential	 presence	 of	 vaccinal	 infec-
tious	 virus,	 virus	 isolation	 in	 cell	 cultures	was	 performed	
for	 all	 vaccinal	 strains	 from	 tissue	 samples,	 as	previously	
described (Ogbu et al. 2021).	Briefly,	 samples	were	 inoc-
ulated	 on	 subconfluent	A-72	 cell	 monolayers	 and	 left	 in	
contact	for	30	min	at	37	°C	and	5%	CO2.	Culture	medium,	
Eagle’s	 Minimum	 Essential	 Medium	 (EMEM)	 (Sigma–
Aldrich®,	 Milan,	 Italy)	 supplemented	 with	 an	 antibiotic	
and	 antimycotic	 solution	 (100	U/mL	 penicillin	G	 sodium	
salt,	0.1	mg/mL	streptomycin	sulfate,	0.25	µg/mL	ampho-
tericin	B;	EuroClone®,	Milan,	Italy),	1%	sodium	pyruvate	
(EuroClone®,	 Milan,	 Italy)	 and	 10%	 fetal	 bovine	 serum	
(FBS;	EuroClone®,	Milan,	Italy),	was	then	added	and	the	
incubation	was	 performed	 at	 37	 °C	 and	 5%	CO2	 for	 6–7	
days.	Inoculated	cells	were	monitored	daily	and,	according	
to	standard	laboratory	procedures,	four	additional	blind	pas-
sages	were	carried	out	before	considering	virus	isolation	as	
unsuccessful.	Viral	growth	was	evaluated	by	the	detection	
of	cytopathic	effect	(CPE).	Moreover,	inoculated	cell	mono-
layers	were	subjected	to	three	cycles	of	freeze-thawing,	cen-
trifuged	at	1,500	x	g	for	15	min	at	4	°C,	and	the	collected	
supernatants	were	 tested	 for	CPV-2	DNA	by	 PCR	 assays	
(Touihri	et	al.	2009)	 to	confirm	the	presence	of	 infectious	
virus.

Results

Vaccines strains analysis

All vaccine samples tested positive for canine parvovirus. 
The	complete	VP2	gene	sequence	(1,755	nucleotides)	was	
obtained	for	each	strain.	Based	on	 the	analysis	of	VP2	aa	
residues	discriminating	the	CPV	variants,	4	vaccine	strains	
were	 characterized	 as	CPV-2	 (87	M,	101I,	 297	S,	 300	A,	
305D,	426	N)	and	2	strains	as	CPV-2b	(87	L,	101T,	297	S/A,	
300G/A,	 305Y,	 426D).	Sequence	 analysis	 revealed	 amino	
acid	 changes	 specific	 for	 each	vaccinal	 strain,	 reported	 in	
Table	1.

Detection and characterization of CPV

Among	the	samples	collected	from	165	dead	dogs,	samples	
from	 75	 dogs	 (45.4%)	 tested	 positive	 for	 CPV-2.	 Partial	
VP2	 sequences	 (700	 nucleotides)	 were	 obtained	 for	 each	
positive	dog.	Based	on	the	analysis	of	VP2	amino	acid	resi-
dues	discriminating	the	CPV	variants,	strains	were	charac-
terized as CPV-2 (n =	5),	CPV-2a	(n	=	15),	CPV-2b	(n	=	21),	
and CPV-2c (n =	34).

Based	 on	 the	 sequence	 analysis,	 strains	 from	 70	 dogs	
were	 characterized	 as	 field	 variants,	 whereas	 those	 from	
five	young	dogs	(6.7%),	aging	from	2	to	12	months,	as	vac-
cinal strains. According to the available anamnestic infor-
mation,	vaccinal	strains	were	detected	from	12	to	24	days	
after the last vaccine administration. CPV DNA of vaccine 
origin	was	obtained	from	spleen,	intestine,	and	mesenteric	
lymph	 nodes	 samples.	 Other	 samples	 of	 the	 same	 dogs	
tested negative for CPV and all samples from the same dogs 
tested	 negative	 for	 the	 other	 viruses.	 For	 these	 five	 dogs,	
death	was	attributed	to	causes	different	from	CPV-2	infec-
tion. More details on these vaccinal strains and their origin 
are	provided	 in	Table	2. Samples of the other dogs tested 
also	positive,	with	lower	frequencies,	to	other	viruses	(more	
details	in	Supplementary	file	3).

Sequence analyses

CPV	 sequences	 from	 five	 dogs	 (2019PA15831,	
2020PA59036,	 2020PA72035,	 2021PA30130,	 and	
2021PA59813)	 showed	 high	 nucleotide	 identity	 (99.85–
100%)	 with	 CPV-2	 vaccine	 strain	 sequences:	 three	 dogs	
(2019PA15831,	 2020PA59036,	 and	 2021PA30130)	 with	
vaccine	 strain	 154;	 one	 dog	 (2021PA59813)	 with	 strain	
NL-35-D;	 one	 dog	 (2020PA72035)	with	 strains	CAG2	or	
CPV780916.	These	sequences	revealed	specific	amino	acid	
residues	common	to	those	of	vaccinal	strains	(Table	1).

Vaccine	strains	showed	high	nucleotide	identity	(100%)	
with	 other	 CPV	 strains	 (2020PA72035	 with	 accession	
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2014	 (Decaro	 et	 al.	 2005; Franzo et al. 2019;	Tucciarone	
et al. 2018),	and	in	China	in	2018/2019	(Jiang	et	al.	2021).

Phylogenetic	 analysis	 inferred	 from	 partial	 VP2	 gene	
sequences	indicated	that	analysed	strains	from	tissue	sam-
ples	were	more	related	to	the	original	CPV-2	type,	cluster-
ing	along	with	vaccine	strains	and	related	CPV	strains	from	
dogs	 in	Vietnam,	 Italy,	China,	 and	Australia	 in	 a	 separate	
clade from the CPV-2 variants (Fig. 1).

MGB probe assays

The	presence	of	CPV	vaccine	strains	in	tested	samples	was	
confirmed	 by	 MGB	 probe	 assays.	 Viral	 loads	 comprised	
between	 6.3	× 102	 and	 9.95	× 104 DNA copies/10 µl of a 
template.	More	details	on	viral	loads	are	provided	in	Table	2 
and depicted in Fig. 2.	CPV	field	strains	were	not	detected	in	
samples positive for CPV vaccines.

Virus isolation

The	five	vaccinal	 strains	 from	 tissue	samples	were	 inocu-
lated	into	A-72	cell	monolayers.	After	multiple	passages,	no	
CPE	was	observed	and	all	samples	tested	negative	by	PCR	
assay.	Thus,	the	isolation	was	considered	as	unsuccessful.

number	 KY242639;	 2021PA59813	 with	 MK357724	 and	
MK357733;	2019PA15831	with	MN104204	and	FJ222824;	
2020PA57036	 and	 2021PA30130	 with	 MH491851	 and	
MN810900)	 obtained	 from	 rectal/faecal	 swabs	 or	 faeces	
collected	in	Australia	in	2015	(Meggiolaro	et	al.	2017),	Viet-
nam	in	2017	(Hoang	et	al.	2019),	Italy	in	2005,	2008,	and	

Table 2 Details on vaccinal strains and their origin
Dog Id Age Date of last 

vaccination
Vaccine strain 
administered

Positive tissue samples
(Real-Time	PCR	viral	
load)

Negative 
tissue 
samples

Sequence	related	to	
vaccine strain

Cause of 
death

1 2019PA15831 12 
months

Unknown Unknown Intestine	(5.64	× 103),	
mesenteric	lymph	nodes	
(6.8	× 102)

Spleen 154 Poisoning

2 2020PA57036 4	
months

12	days	before	
death

154 Intestine	(n.a.),	spleen	
(7.09 × 104)

Lungs,	
heart

154 Toxic

3 2020PA72035 2 1/2 
months

23	days	before	
death

Unknown Intestine	(6.3	× 102),	
spleen	(n.a.),	mesenteric	
lymph	nodes	(4.53	× 104)

Heart CAG2/CPV780916 Acute 
pulmonary
insufficiency

4 2021PA30130 2 
months

24	days	before	
death

154 Intestine (1.72 × 104),	
spleen	(9.95	× 104)

Lungs,	
heart

154 Intestinal 
perforation

5 2021PA59813 4	months 3	weeks	before	
death

NL-35-D Intestine	(1.52	× 103),	
spleen	(3.25	× 103)

Lungs,	heart,	
liver,	kidney

NL-35-D Toxic

n.a.:	Real-Time	PCR	viral	load	not	available

Fig. 2 Viral loads of CPV-2 strains of vaccine origin

 

Fig. 1 Maximum-likelihood tree based on 78 partial VP2 gene 
sequences	 of	 canine	 parvovirus	 type	 2	 strains	 (T92	+ G; bootstrap 
1,000	replicates).	Black	dots	markings	indicate	CPV	strains	of	vaccine	
origin	and	black	square	markings	indicate	CPV	vaccine	strains.	Each	
sequence	is	 indicated	with	virus	variant,	country	and	year	of	collec-
tion,	 and	accession	number.	 1VP2-297Ala	amino	acid,	 2VP2-297Ser 
amino acid
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dog	id.	2021PA30130,	whereas	the	lowest	CPV	DNA	titer	
(6.3	× 102	DNA	copies/10	µl	 of	 template)	was	detected	 in	
the	intestine	of	dog	id.	2020PA72035.	Viral	loads	in	organs,	
similarly	to	those	detected	in	blood	and	faeces	of	vaccinated	
dogs (Decaro et al. 2014),	were	lower	than	those	reported	
in	 faeces	 and	 tissues	 of	 dogs	naturally	 infected	with	field	
strains (Decaro et al. 2005,	2007b).	The	presence	of	CPV	
DNA	was	observed	up	to	24	days	after	last	vaccination	but,	
since	this	was	not	an	experimental	assay	and	the	date	of	last	
vaccination	for	some	dogs	was	missing,	it	was	not	possible	
to	define	the	post-vaccination	loads	trend	in	organs.	None-
theless,	 compared	 to	 available	data	on	CPV	post-vaccinal	
faecal shedding in immunized pups (Decaro et al. 2014),	
DNA	of	CPV	strains	of	vaccine	origin	in	tissue	samples	was	
detected	for	a	slightly	longer	period	with	higher	viral	loads	
(up	to	24	days,	9.95	× 104	DNA	copies/10	µl	of	a	template),	
compared to faeces.

To	the	best	of	our	knowledge,	these	results	represent	the	
first	description	of	the	occurrence	of	CPV	vaccinal	strains	
in	tissue	samples	of	recently	vaccinated	dogs.	Indeed,	CPV	
post-vaccinal	faecal	shedding	was	experimentally	described	
(Decaro et al. 2014; Freisl et al. 2017)	 and,	 occasionally,	
detected (Meggiolaro et al. 2017; Hoang et al. 2019; Decaro 
et al. 2005;	Tucciarone	et	al.	2018; Franzo et al. 2019; Jiang 
et al. 2021)	in	rectal/faecal	swabs	or	faeces.	Similarly,	post-
vaccine	 feline	 panleukopenia	 virus	 faecal	 shedding	 was	
experimentally	 described	 in	 cats	 (Bergmann	 et	 al.	 2019; 
Jacobson et al. 2022) or detected in diagnostic samples 
(Decaro et al. 2008; Van Brussel et al. 2019; Smith et al. 
2021),	suggesting	the	need	for	attention	when	interpreting	
FPV	PCR	positive	results	in	recently	vaccinated	cats.

This	data	updates	the	current	information	on	the	persis-
tence	 of	 CPV	 vaccine	 strains	 in	 canine	 tissues	 and,	 their	
persistence,	may	interfere	with	laboratory	diagnostic	testing	
(Decaro et al. 2017; Freisl et al. 2017; Segev et al. 2022). 
Therefore,	this	study	underlines	the	need	for	an	assay	(quan-
titative	 real-time	 PCR	 assays,	 MGB	 probe	 assays	 and/or	
molecular	analyses)	to	differentiate	vaccine	virus	from	field	
strains	for	an	accurate	diagnosis	of	CPV	when	the	virus	is	
detected	 from	canine	 tissues.	Albeit	 quantitative	 real-time	
PCR	could	be	helpful	to	differentiate	naturally	infected	from	
vaccinated dogs (Veir et al. 2009),	MGB	 probes	 or	 other	
molecular	 assays	 and	 sequence	 analysis	 are	more	 reliable	
to	 identify	 and	 characterise	 vaccine	 and	field	 strains.	The	
use	of	MGB	assays	to	characterize	samples	that	have	been	
already	subjected	to	sequencing	could	seem	needless	since	
sequence	analysis	should	provide	a	full	characterization	of	
the	viral	type.	However,	the	advantage	of	the	MGB	assays	
is	that	they	are	able	to	detect	the	presence	of	more	than	one	
CPV	 strains	 in	 the	 same	 sample,	 even	 in	 the	 presence	 of	
low	viral	titers.	In	contrast,	in	the	presence	of	mixed	popu-
lations	 sequence	 analysis	may	 take	 into	 account	 only	 the	

Discussion and conclusions

A core vaccine is thet one recommended in order to provide 
life-long protection against infectious diseases of global sig-
nificance	for	dog,	such	as	those	determined	by	CPV-2,	CDV,	
and	CAV	types	1	and	2	infections,	and	that	the	worldwide	
dog	 population	must	 receive	 (Day	 et	 al.	 2016). For these 
reasons	 and	 to	 prevent	 threatening	 diseases,	 vaccines	 for	
dogs	including	these	viral	agents	are	widely	used	in	the	cur-
rent	veterinary	practice.

Similarly	 to	 natural	 infection	 (Meunier	 et	 al.	 1985),	
CPV-2	MLV	vaccines	induce	viraemia,	viral	replication	in	
lymphoid	 tissues	 and	 viral	 faecal	 shedding	 (Decaro	 et	 al.	
2017; Freisl et al. 2017). Vaccinal CPV-2 viraemia and fae-
cal	shedding	were	observed	for	a	short	period	of	time	after	
vaccine	 administration,	 up	 to	 24	 and	 20–28	days,	 respec-
tively	 (Decaro	et	al.	2014; Freisl et al. 2017; Segev et al. 
2022). Viral DNA load in blood and faeces of vaccinated 
dogs,	detected	with	molecular	methods,	has	been	observed	
to	 be	 considerably	 lower	 and	 DNA	 present	 for	 a	 shorter	
period	compared	to	samples	of	dogs	naturally	infected	with	
CPV-2	field	strains	 (Decaro	et	al.	2014,	2017).	Therefore,	
vaccination	 against	 CPV	 could	 potentially	 interfere	 with	
diagnostic	 tests,	 especially	when	 recently	 administered	 in	
dogs	showing	clinical	signs	of	acute	gastroenteritis	(Decaro	
et al. 2007a; Segev et al. 2022).

In	 this	molecular	 survey,	CPV-2	 remains	 the	most	 fre-
quent	canine	enteric	virus	detected	in	tissue	samples,	as	pre-
viously	 observed	 in	 other	 studies	 investigating	 its	 role	 as	
causative	 agent	 of	 infection	 or	 death	 in	 dogs	 (Duijvestijn	
et al. 2016;	 Dowgier	 et	 al.	 2017). Despite this potential 
occurrence,	 currently,	 there	 are	 no	molecular	 studies	 that	
evaluated the presence of CPV vaccine virus in canine 
tissues.	 In	 this	 study,	we	 report	 evidence	of	CPV	vaccine	
strains	in	tissue	samples	analysed	during	routine	molecular	
analyses	supporting	diagnostic	necropsies.	The	genome	of	
CPV	MLV	vaccine	strains	was	detected	only	 in	 the	 intes-
tine,	spleen	and	mesenteric	lymph	nodes	of	five	young	dead	
dogs.	The	vaccinal	origin	of	the	CPV	DNA	was	confirmed	
by	the	sequence	analysis,	viral	typing,	and	the	comparison	
with	VP2	gene	sequences	of	vaccinal	strains.	All	CPV	vac-
cine	strains	were	characterized	as	original	CPV-2	type	(VP2	
87	M,	101I,	297	S,	300	A,	305D,	426	N)	and	four	strains	
were	identified	as	related	to	154	or	NL-35-D	strains;	infor-
mation	of	vaccine	administration	for	dog	id.	2020PA72035	
was	not	available	and,	thus,	the	vaccine	of	origin	could	not	
been ascertained.

By	using	a	set	of	real-time	PCR	assays,	the	vaccinal	ori-
gin	 of	CPV	 strains	was	 confirmed	 and	CPV-2	 viral	 loads	
reached	different	titers	in	spleen,	intestine,	and	mesenteric	
lymph	nodes;	the	highest	CPV	DNA	titer	(9.95	× 104 DNA 
copies/10	µl	 of	 a	 template)	was	 detected	 in	 the	 spleen	 of	
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Following	the	diagnostic	approach	herein	described,	the	
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In	conclusions,	the	present	study	describes	the	evidence	
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