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FOTO

APPLICATION OF MOLECULAR METHODS FOR THE DIAGNOSIS AND THE GENETIC 

CHARACTERIZATION OF INFECTIOUS PATHOGENS IN DOMESTIC AND WILD CARNIVORES

RESULTS

Taken together, the results obtained allowed stating that infectious agents circulate among domestic and wild carnivores, alone or in synergism with each other,

causing co-infections and a worsening of the health status of the animals. Sequence analysis allowed clarifying aspects concerning transmission between domestic

and wild hosts and the epidemiological role of wild carnivores. Prophylactic measures, such as core vaccinations and ectoparasite prevention treatments, should be

adopted in domestic animals to reduce the potential transmission of pathogens.

CONCLUSIONS

MATERIALS AND METHODS
Different biological samples of domestic [1,2,3] and wild carnivores [4,5,6] from

Italy and Europe were tested between 2019 and 2022. After nucleic acid

extraction, molecular assays (real-time PCR, end-point PCR, retrotranscription,

rolling circle amplification) were carried out for the detection and the genetic

characterization of DNA and RNA viruses and bacteria. Sequence analysis was

performed using specific softwares.

OBJECTIVE
To detect infectious agents in domestic and wild carnivores using molecular

techniques and to genetically analyze the pathogens identified, in order to

investigate the circulation of these pathogens in carnivores and to evaluate their

genetic characteristics.
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CanineCV 457 wolf IT 2018 MW829206

CanineCV 458 wolf IT 2018 MW829207

CanineCV 454 wolf IT 2018 MW829205

CanineCV 450 wolf IT 2017 MW829204

CanineCV 448 wolf IT 2017 MW829202

CanineCV 447 wolf IT 2017 MW829201

CanineCV MED-2 dog CO 2018 MT293520

CanineCV MED-1 dog CO 2018 MT293519

CanineCV MED-3 dog CO 2018 MT293521

CanineCV Bari/411-13 dog IT 2013 KJ530972

CanineCV AZ4133/1-13 wolf IT 2013 KT734815

CanineCV AZ4133/2-13 wolf IT 2013 KT734827

CanineCV TE7482-13 wolf IT 2013 KT734822

CanineCV AZ663/1-13 wolf IT 2013 KT734820

CanineCV AZ663/2-13 wolf IT 2013 KT734824

CanineCV AZ5586-13 wolf IT 2013 KT734819

CanineCV TE4016-13 wolf IT 2013 KT734814

CanineCV AZ5212/1-14 dog IT 2014 KT734817

CanineCV AZ5212/2-14 dog IT 2014 KT734818

CanineCV CD17/2016 dog CN 2016 MG266899

CanineCV UCD2-32162 dog US 2011 KC241984

CanineCV UBA-Baires dog AR 2016 MK033608

CanineCV TE6685/1-13 dog IT 2013 KT734821

CanineCV TE6685/2-13 dog IT 2013 KT734825

CanineCV Ha13 dog DE 2013 KF887949

CanineCV AZ4438-13 badger IT 2013 KT734816

CanineCV FUBerlin-JRS dog DE 2014 KT283604

CanineCV AZ2972-13 dog IT 2013 KT734813

CanineCV OH19098-1 dog US 2015 MF457592

CanineCV 214 dog US 2011 JQ821392

CanineCV UCD1-1698 dog US 2011 KC241982

CanineCV PE8575/1-13 dog IT 2013 KT734823

CanineCV PE8575/2-13 dog IT 2013 KT734826

CanineCV CB6293/1-14 wolf IT 2014 KT734812

CanineCV CB6293/2-14 wolf IT 2014 KT734828

CanineCV CP191/TH2016 dog TH 2016 MG737385

CanineCV GL33 dog CN 2015 KY388480

CanineCV GL51 dog CN 2015 KY388482

CanineCV JZ98/2014 dog CN 2014 KT946839

CanineCV JZ85 dog CN 2014 KY388489

CanineCV JZ50 dog CN 2014 KY388481

CanineCV JZ82 dog CN 2014 KY388490

CanineCV WM77 dog CN 2015 KY388500
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CanineCV WM74 dog CN 2015 KY388502

CanineCV WM48 dog CN 2015 KY388484

CanineCV WM76 dog CN 2015 KY388501

CanineCV WM46 dog CN 2015 KY388485

CanineCV WM83 dog CN 2015 KY388498

CanineCV WM63 dog CN 2015 KY388491

CanineCV WM79 dog CN 2015 KY388499

CanineCV WM72 dog CN 2015 KY388503

CanineCV WM62 dog CN 2015 KY388493

CanineCV WM60 dog CN 2015 KY388483

CanineCV WM66 dog CN 2015 KY388492

CanineCV WM84 dog CN 2015 KY388497

CanineCV LA237 dog CN 2014 KY388487

CanineCV LA128 dog CN 2014 KY388488

CanineCV 102 CN 2017 MG279118

CanineCV LA280 dog CN 2014 KY388486

CanineCV 395 CN 2017 MG279133

CanineCV 390 CN 2017 MG279137

CanineCV 394 CN 2017 MG279134

CanineCV 388 CN 2017 MG279138

CanineCV 398 CN 2017 MG279132

CanineCV 384 CN 2017 MG279139

CanineCV 391 CN 2017 MG279136

CanineCV 181 CN 2017 MG279126

CanineCV 183 CN 2017 MG279124

CanineCV 204 CN 2017 MG279141

CanineCV 176 CN 2017 MG279122

CanineCV 185 CN 2017 MG279123

CanineCV 205 CN 2017 MG279140

CanineCV 182 CN 2017 MG279125

CanineCV 199 CN 2017 MG279119

CanineCV 201 CN 2017 MG279135

CanineCV 178 CN 2017 MG279129

CanineCV 202 CN 2017 MG279131

CanineCV 198 CN 2017 MG279120

CanineCV 179 CN 2017 MG279128

CanineCV 180 CN 2017 MG279127

CanineCV 186 CN 2017 MG279121

CanineCV 177 CN 2017 MG279130
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CanineCV CP181/TH2016 dog TH 2016 MG737383

CanineCV CP188/TH2016 dog TH 2016 MG737384

CanineCV CP144/TH2016 dog TH 2016 MG737382

CanineCV 14P105D/TH2016 dog TH 2014 MG737378

CanineCV 14P112N/TH2016 dog TH 2016 MG737386

CanineCV CP28/TH2016 dog TH 2016 MG737380

CanineCV 15P061D/TH2016 dog TH 2015 MG737379

CanineCV CP134/TH2016 dog TH 2016 MG737381

CanineCV K1 dog CN 2016 MK731982

CanineCV XXT243 dog CN 2015 KY388495

CanineCV XXT242 dog CN 2015 KY388496

CanineCV 09-10F/2011 red fox IT 2011 MH454599

CanineCV NC21 dog CN 2018 MN128702

CanineCV YL11 dog CN 2016 KY388494

CanineCV C79 dog CN 2016 MK944079

CanineCV C24 dog CN 2016 MK731981

CanineCV C85 dog CN 2016 MK944080

CanineCV XF16 dog CN 2016 MF797786

CanineCV UCD3-478 dog US 2011 KC241983

CanineCV 55590 red fox HR 2014 KP941114

CanineCV 52 arcticfox NO 1999 MT180085

CanineCV 57 arcticfox NO 1997 MT180087

CanineCV 55 arcticfox NO 1998 MT180086

CanineCV 02 arcticfox NO 1996 MT180083

CanineCV 65 arcticfox NO 1999 MT180088

CanineCV 79 arcticfox NO 1997 MT180090

CanineCV 47 arcticfox NO 1997 MT180084

CanineCV 70 arcticfox NO 1997 MT180089

CanineCV VS7100003 redfox GB 2013 KP260926

CanineCV VS7100005 redfox GB 2013 KP260927

CanineCV VS7100001 redfox GB 2013 KP260925

CanineCV 449 wolf IT 2017 MW829203

CanineCV 77 redfox NO 2017 MT180082

CanineCV 73 redfox NO 2017 MT180081

CanineCV 27 redfox NO 2014 MT180079

CanineCV 01 redfox NO 2015 MT180077

CanineCV 19 redfox NO 2014 MT180078

CanineCV 64 redfox NO 2017 MT180080
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KR019988 chamois IT 2015

KR019990 reddeer IT 2015

KF031389 tick IT 2013

MT025713 tick IT 2018

KR019980 reddeer IT 2015

KR019986 tick IT 2015

KR019968 reddeer IT 2015

KR019975 tick IT 2015
MW030652 cat IT 94/2017 spleen 

MW030651 cat IT 90/2017 hair 
EU982549 dog IT 2008

KT970680 dog IT 2014

KF031399 tick IT 2013

MW030653 cat IT 446/2017 hair 

KT970678 dog IT 2014

KR019989 reddeer IT 2015

KF778380 dog IT 2013

KT970679 dog IT 2014

EU552922 tick IT 2004

KF031388 tick IT 2013

AY848747 horse IT 2004

KY709329 tick IT 2013

KY709330 tick IT 2013

AY848752 dog IT 2004

AY848751 dog IT 2004

AY848748 horse IT 2004

AY848750 dog IT 2004

AY848749 horse IT 2004

EU552920 tick IT 2004

KR019978 tick IT 2015

EU552918 tick IT 2004

KF031400 tick IT 2013

EU552919 tick IT 2004

EU552921 tick IT 2004

KR019977 tick IT 2015

KR019985 roedeer IT 2015

KR019982 tick IT 2015

KR019992 roedeer IT 2015

KR019979 roedeer IT 2015

KR019967 tick IT 2015

EU552914 tick IT 2004

KR019970 roedeer IT 2015

KF031387 tick IT 2013

EU552923 tick IT 2004

KF031396 tick IT 2013

KR019987 roedeer IT 2015

KF031402 tick IT 2013

KF031401 tick IT 2013

KF031380 tick IT 2013

KF031398 tick IT 2013

EU552917 tick IT 2004

EU552916 tick IT 2004

EU552915 tick IT 2004

KR019981 roedeer IT 2015

KR019974 roedeer IT 2015

KR019984 tick IT 2015

KR019971 roedeer IT 2015

KR019993 roedeer IT 2015

KR019969 roedeer IT 2015

KR019976 tick IT 2015

KR019983 roedeer IT 2015

KF031381 tick IT 2013

KF031394 tick IT 2013

KF031386 tick IT 2013

EU552912 tick IT 2004

EU552913 tick IT 2004

KF031383 tick IT 2013

KF031392 tick IT 2013

KF031397 tick IT 2013

KF031391 tick IT 2013

KF031395 tick IT 2013

KR019972 roedeer IT 2015

KF031382 tick IT 2013

KR019973 reddeer IT 2015

KR019991 roedeer IT 2015

KF031393 tick IT 2013

KF031384 rodent IT 2013

KF031385 rodent IT 2013

KF031390 rodent IT 2013

KX517839 bankvole IT 2016
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ecotype I

ecotype II

ecotype III

IT fox 2014 MN044686

IT fox 2017 MN044694

IT fox 2018 MN044700

IT marten 2012 MN044674

IT badger 2013 MN044680

IT fox 2013 MN044682

IT fox 2012 MN044665

IT badger 2012 MN044676

IT dog 2018 MN044697

IT fox 2018 MN044701

IT marten 2018 110A MW015089

IT marten 2018 246A MW015090 

IT fox 2012 MN044673

IT fox 2013 MN044683

HU dog 2004 DQ889177

DE fox 2007 JN153024

DE fox 2007 JN153025

DK mink 2012 KF430347

DK fox 2012 KF430357

DK ferret 2013 KF430375

DK raccoon 2013 KF430376

DK fox 2012 KF430358

DE badger 2008 FJ416338

DE fox 2008 FJ416339

DE fox 2008 FJ416336

DE fox 2008 FJ416337

IT fox 2009 HM120874

CH fox 2010 JF810107

CH dog 2010 JF810111

CH lynx 2010 JF810109

CH marten 2002 JF810110

CH marmot 2011 JQ966309

CH fox 2010 JF810106

CH fox 2010 JF810108

IT dog 2002 DQ494318

IT dog 2003 DQ494319

TR dog 2002 AY093674

DK dog 1994 Z47761

IT dog 2003 DQ494317

DE dog 1996 Z77671

DE dog 1996 Z77672

DE dog 1996 Z77673

ES lynx 2005 GU001863

ES marten 2005 GU001864

PT wolf 1998 HM563057

99

99

99

94

99

82

72

99

97

99

99

89

96

92

86

96

91

83

99

71

96

98

74

0.01

PT wolf 2008 HM563058

PT dog 2007 HM563059

AU dog 2002 GQ214378

AU dog 2002 GQ214376

AU dog 2002 GQ214380

AU dog 2002 GQ214384
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Europe 1/

South America 1

America 2
Rockborn like

Asia 1
South America 2

Europe 2/Europe-Wildlife
Asia 2

South Africa
Europe 3/Arctic like

America 1

Wildlife-Europe

South America 1

618 dog IT 1995 MT193146+MT193138

53 dog IT 2011 MT193142+MT193135

88 dog IT 2011 MT193144+MT193136

258 dog IT 2006 MT193145+MT193137

687 dog IT 1999 MT193147+MT193139

800 dog IT 2009 MT193148+MT193140

TorontoA26/61 dog/vaccine CA 1961 U77082/BK000403/AC 000020

1149 dog IT 2015 MT193149+MT193141

99

0.0005

CAdV-2

HEXON

388-S

FIBER 

23-P 110-D

FIBER 

23-T 110-E

CAdV-1 113-5L-L redfox IT 2011 KP840545+KP840544

CAdV-1 874 wolf IT 2014 MH105809+MH105810

CAdV-1 452 wolf IT 2018 MW829200+MW829199

CAdV-1 417-L dog IT 2013 KP840547+KP840546

CAdV-1 835 wolf FR 2015 MH048659

CAdV-1 ITL2015 wolf IT 2015 KX545420

CAdV-1 574-RS dog IT 2013 KP840549+KP840548

CAdV-1 RI261 dog UK 1996 NC 001734

CAdV-1 CLL vaccine 1996 U55001

90

87

66

CAdV-1

During the study period, it was possible to detect and genetically characterize

DNA viruses, such as canine circovirus (CanineCV) in Italian dogs and wolves and

Norwegian foxes (Fig. 1) [1,4,5]; canine adenovirus type 1 and 2 (CAdV-1 and

CAdV-2) in Italian wolves and dogs, respectively (Fig. 2) [1,4], canine parvovirus

type 2 (CPV-2) in wolves from Italy and dogs from Romania [2,4]; RNA viruses,

such as canine distemper virus (CDV) in stone martens from Italy (Fig. 3) [6]; and

bacteria, such as Anaplasma phagocytophilum in Italian cats (Fig. 4) [3].

Fig. 1. Phylogenetic tree of CanineCV constructed

using the Maximum Likelihood method and the

General Time Reversible model with gamma

distribution and invariable sites.

Highlighted: sequences of CanineCV generated in

wolves from Italy [4]. Highlighted: sequences of

CanineCV generated in foxes from Norway [5].

Numbers in black (right): clusters proposed by

Urbani et al. [5]. Bootstrap values (1000 reps) are

indicated.

Fig. 2. Two enlargements of phylogenetic

trees of CAdV-1 (top) and of CAdV-2

(bottom) constructed with the multiple

gene approach: concatenated nucleotide

sequences of the hexon and fiber genes.

Phylogenetic trees were constructed

using the Maximum Likelihood method

and the Hasegawa-Kishino-Yano model

with gamma distribution and invariable

sites. Bootstrap values (1000 reps) are

indicated. Top. Highlighted: sequence of

CAdV-1 generated in an Italian wolf [4].

The amino acid residues for the deduced

hexon and fiber proteins are reported.

Bottom. Highlighted: sequences of CAdV-

2 generated in dogs from Italy [1].

Fig. 3. Phylogenetic tree of CDV constructed using the Neighbor-Joining

method and the Tamura 3-parameter model with gamma distribution.

Highlighted: sequences of CDV generated in stone martens from Italy [6].

Orange: Wildlife Europe genetic subgroup. On the right canine

morbillivirus genetic lineages are indicated. Bootstrap values (1000 reps)

are indicated.

Fig. 4. Phylogenetic tree of Anaplasma phagocytophilum constructed

using the Minimum Evolution method and the Tamura 3-parameter

model with gamma distribution.

Highlighted: sequences of A. phagocytophilum generated in cats from

Italy [3]. On the right main clusters are labelled. Bootstrap values (1000

reps) are indicated.


