/G0~ SP ' ‘
UNIVERSITA

1222-2022  /SFE 850\
r"c | & ) . Qr

nﬂ \w :4"‘] '\J §,-' DEGLI STUDI

ANNI Quweamzys/ DI PADOVA

Epidemiologia ed evoluzione di PCV2: un vecchio,
NUOVO VIrus

Giovanni Franzo
DVM;Phd;Msc,ECVM

giovanni.franzo@unipd.it

XLVIII Meeting annuale SIPAS, Pescantina (VR) 30/31 Marzo 2023




UNIVERSITA
DEGLI STUN
Dt PADOVA




2200 foras 1@ UNIVERSITA
(YY) : = DEGLI STUm
ANN T 2ol PADOVA







Vins 8iich 05

:i favolosi




UNIVERSITA
DEGLI STUM
D PADOVA

| Species: Porcine circovirus 1 Genus: Circovirus

Species: Porcine circovirus 2 Genus: Circovirus

~

o
(<]
o
]
o
o
o
o
o
o
o
o
o
o
]
o
]
]
o
o
o
o
o
o
o
o
o
o
o
[:]
]
o
]
]
]

==
o
o
o
]
o
o
o
]
o
[*]
~g

Species: Porcine circovirus 3  Genus: Circovirus

7

=]

o o e

~ S Species: Porcine circovirus 4 Genus: Circovirus

-_—es e e e e - - o e e e e e .




PUBBLICAZIONI




X
r222-200r  fords i@ UNIVERSITA
(YY) .4 E DpEGL STUm
ANNIT sy PADOVA

I dvioso (Casdo di

BENJAMIN BUTTON






UNIVERSITA
DEGLI STUD

Dt PADOVA




Il virus 8 iy




MAPS

Circovirus
(PCV-1) 1.7Kb

Ll (9])
Swiss Institute of Bioinformatics

; "’

;g

S8

: Leading strand

Cellular DNA polymerase

Displaced viral genom



1424 Inibizione della risposta immunitaria dell’'ospite

EcoRI 1 o
10150 X 17341767/0 553 ORF5pp 1100:

-Ei—]

Induzione dell’apoptosi

Potrebbe interagire con
I'espressione delle caspasi e di
diverse citochine

Inibizione dell’apoptosi



8t} G e

A Genotype tMRCA Gene Substitution per site
~10-14 3 {1 month (95%HPD) per year (95%HPD)
E viroids =3
> 1 = 11 year PCV2a 1964 (1948-  ORFI 5.45 % 104
= =" 1974) (369 x 10— 7.21 x 107%)
81034 RNA 3 110 years ORF2 159 » 103
= viruses g (9.8 x 1074 -231x1073)
& - 1100 years Intergenic 331 x10°*
Rty o 4 _ -4
= 105 ,3 11,000 years (3.18 x 104 - 5.16 x 10°4)
= 3 PCV2b 1973 (1952-  ORFI 312 %10
= dsDNA & 110,000 years 1996) (123 x 10— 487 x 10°%)
c viruses = ORFX™, 38810
.‘9_ 10-7 + . 2 1100,000 years /7 /. (16x107%-595x107%
s higher . / Integgenic ~ 3.05 x 10 4
< eukaryotes 71 Million years S (118 x 104 — 497 x 10°%)
j /
*é 10-9 4 Ci bacteria 110 Million years ~ Pcv2d :ggg)(‘9$ AL S 3
: . V4 ¢ 41 x 107" —-6.53 x 107
— 35,2 NCA : : fung|: . : + 100 Million years JoJoore 62210 * .
5 viruses'— o o = = 5 T ¢ (447 x 107~ 7.94 x 10°)

genome size (bp)

Mutation rate (mt\tatioés/site/replication)
[

PRl
{ \ Retro ]

I
10° 102 |0+ 10-¢ 10-2 1010
| ¥
1r gSDNA .' }[ dmw
[ - Retro ]

Substitution rate (substitutions/site/year)

Nature Reviews | Genetics



SIT

LUnive

PEGEI STUD

Wb.
O
(O
&
O
S
e
-
D
O




8iiét €5 =




ERSITA
DEGLI STUN
Dt PADOVA

Uiy

) e

800




l NIVERSITA
DEGLI STUD

Dt PADOVA

entropy
géga

sha—00d 1500
position

0 sha1008 1500 0 5000001500

13

0.3
- 0.3

0.0~
Wpi
3

entropy

0.5-
0.0-

Piu e alta maggiore e la

0.5~

variabilita della popolazione
virale in quella posizione

position



MAPS

a) FARM A

100 -

50 =

Beta—-Alpha

-50~

-100-

b) FARM B

300~

200~

100~

Beta-Alpha

100

'
100

Codon position

Codon position

150

200

Method

~=— FEL

-= FUBAR
+ SLAC

Method
= FEL

~»~ FUBAR
= SLAC

UNIVERSITA
DEGLI STUN
Dt PADOVA




8ty s

Ricostruzione degli aplotipi virali

| ! x 67.0%
—— reference genome : } | |
_ | | i |
et s | *>=1| diri_sampler l |
A —— | | — ol |
o — | 1 | |
— | | | |
= : | | | |
, ‘ et [ 116.1 %
- | |
_____
| |
| |
. i | 16.9 %




8t el FE
SCIENTIFIC REPLIRTS

i YFEN Porcine circovirus 2 (PCV-2) genetic

' variability under natural infection
scenario reveals a complex network
of viral quasispecies

Florencia Correa-Fiz’, Glovanni Franze', Anna Liorens', Josguim Segalés'' &
Tuga Kekarainen'*
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Revisiting the taxonomical classification of e
Porcine Circovirus type 2 (PCV2): still a real
challenge
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Philippe Biagini®, Joaquim Segalés’?" and Michele Drigo'"

\ a PCV2 complete genome a PCVIH
0.038 0.020 o.od {570 sxains)
5 1 0.07
ORF2 PCV2 Sequences - ] 0.06 PEVIH
|, . ) | 1005 {570 swruns)
“ ‘j ’ | 004 .

on i 1 i 1003 ]

e == '

t | {{.- 1001 P v

w1111 | 11117 e 11 7% 8
o 007 006 005 o004 002 po: ool 0
b PCV2 capside {ORF2) \ 3 s POV
e 0. 06 ". (176 straim)
— 0.0%0 0. 068 0. 035
< 2 4 \ \ : 0.0 '
e ——8 0. 04 )
| | M strainy)
C - : - b0 03 \ (205 strains)
e NOLYIN : e : iy : 0,02 v
i i
A : it m‘ TH11EI : R titon (212 straire)
GtV oo o qo 00 917011 010 0090.08 0.07 0.06 0.050 04 0.03 002 a1 0° Fig. § POt st e N g Lo sl Mkt Sl B I i O b
9 o 0 0 0 Fig- 2 PASC arvhyws of commpietis POVZ gerome dirabrse Ll and) Of OFFZ sovces (i The (ercemtage oF (araise (aRiances osorse]  mrmoving e imomtinnt s dotecu by 1P Boss <an! i Ly 9 505 S GBS Seen whts 82 ik
withat 4 () yidatane el 14 epotied ¥ ) o



'.@PLOS ONE azaon APTRE Universmh

RESEARCH ARTICLE

Porcine circovirus 2 (PCV-2) genotype update
and proposal of a new genotyping

methodolo .
gy ORF2 Sequencing
Glovanni Franzo ' *, Joaquim Segalés - **
Dapastmer Animal Medicing, Prooucton and Hoin Uriversity of Paooa e, My, 2 UAB = .
Corie Oo ootrts o0 S8t Avionad CAESA, BTAUAR), Crmers o Uit Andbriona Chromatogram quality evaluation
Barcelonn Beliiera Sgar, 3 Do partienert de Sarvdnt s Anstomia Areeais F aculil do Velnndoa &

Urivorsiat Autonoma do Bavcoona. Belatarm Span

Alignment with reference sequences
(Codon level; e.g. TranslatorX)

QR ¥

undd

Reduced dataset Complete dataset
(Fig. 2) (Supplementary data)
(Fast) g t} (Accurate)
Neighbor joining tree

(p-distance; bootstrap support)
ClusterPicker cluster evaluation

Intra cluster distance <13%
Bootstrap support >70

& &

Yes No
< <
Previously  Compare with updated
described Genbank records
genotype gt
New cluster
bootstrap support >70
& »15 sequences

N

Yes No

O

New genotype  Unclassified




300

Received: 5 July 2019 Revised: 2 December 20179 Accepted: 18 December 2017

DOI-10.1111/tbed 13467

ORIGINAL ARTICLE

Genetic diversity and prevalence of porcine circovirus type 3
(PCV3) and type 2 (PCV2) in the Midwest of the USA during
2016-2018
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Genomic analysis of PCV2 isolates from Danish archives
and a current PMWS case—control study supports
a shift in genotypes with time

K. Dupont*, E.O. Nielsen”, P. Bekbo ", L.E. Larsen **

" National Veterinary Institute, The Technical University of Denmark, Denmark
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Genetic characterisation of Porcine circovirus type 2 (PCV2) strains from
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PCV2 subclinical infection PCV2-SD
and/or sporadic disease epidemics:
presentation: mainly PCV2a mainly PCV2b

International pig trading:
e Genotype shift
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e Susceptible genetic lines
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Article

A Comparison of Virulence of Three Porcine Circovirus Type 2
(PCV2) Genotypes (a, b, and d) in Pigs Singularly Inoculated
with PCV2 and Dually Inoculated with PCV2 and Porcine
Reproductive and Respiratory Syndrome Virus

Jeongmin Suh *, Taechwan Oh !, Keehwan Park, Siyeon Yang ', Hyejean Cho and Chanhee Chae *
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Veterinary Microbiology 177 {2015} 43-52
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Veterinary Microbiology

journal homepage: www.elsevier.com/locate/vetmic

Contents lists available at ScienceDirect

Comparison of three commercial one-dose porcine circovirus
type 2 (PCV2)vaccines in a herd with concurrent circulation of 3
PCV2b and mutant PCV2b FLSEVIE] journal homepage: www. elseviar.com/locate/prevetmed

Preventive Veterinary Medicine

Jiwoon Jeong ', Changhoon Park ', Kyuhyung Choi, Chanhee Chae"

Department of Veterinary Pathology, College of Veterinary Medicine, Seoul National University. | Gwanak-ro, Gwanak-gu, Seoul 151-742,

Republic of Korea Mixed treatment comparison meta-analysis of porcine
circovirus type 2 (PCV2) vaccines used in piglets
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@

N. da Silva“, A. Carriquiry”, K. O’'Neill”, T. Opriessnig ™“, A.M. O'Connor ™

* Department of Staristics, fowa State University College of Liberal Arts and Sciences, Ames, A 50011, United States

" Department of Veterimary Diagnostics and Production Animo! Medicine, lowa State University College of Veterinary Medicine,
1600 South 160h Streel, Ames, 1A 5001 1. United Srates

© The Reslin Instinuge and The Royal [Dick) School of Vieterinary Studies. Umiversity of Edinburgh, Easter Bush, Midiothian EH25 9RG,
Scodland, UK
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&6 CircoFLEX Circovac Fostera PCV Unvaccinated
8 :'A'DE. (weeks) T TTTTTTTT 3-10 ~ T T ag03=28 T T T a914:37 T T TEs5%30 T 4904 29
= a ) 10-16 656.8 + 69° 651.7 71" 626 + 63" 584.7 + 79"
£ 5 4 1 16-22 878.8 + 136 8718118 870,7 + 89 836.9+ 128
8 L e e o 322 _ 663235 6589233 € 657.1426° _ _ _ __6265x32" _
S, i T Mortality 2/30 4/30 4/30 5/30
ﬁ Prevalence of PCV2b-viremia {dpv) 28 1/28 028 228 1/28
> 49 0/28 0/28 0/28 0j27
(8] 3. ] 70 0/28 0/28 1/28 0j27
% i a1 328 3/26 4)26 4125
% ! mmmmmemmmmmmmmmmmmm—aaaE B3______ oR3________ o2 o2L_________ Q0. _____
{ 1
6 2 4 ] a T | 1 Prevalence of mPCV2h-viremia (dpv) 28 6/28 6/28 6/28 9/28
3 ) L b | ¢ ! 49 14/28 15/28 14/28 18/27
. i, . 70 15/28° 16/28° 16/28° 25/27°
1 ' =~ 1 al 11/28° 1826 17/26%" 20/25°
| Y 33 e Y 520 ___
| 1 Prevalence of PRRSV-viremia (dpv) 28 7/28 7/28 728 7/28
0 i | 49 12/28 14)28 12/28 1427
70 5/28 3/28 4)28 3/27
0 28 49 0 N 133 a1 3/28 3/26 4)26 4)25
Days Post Vaccination 133 1/23 1/21 0/21 0/20
CircoFLEX (), Circovac (1), Fostera PCV (@) or PBS (O) Prevalence 28 21028 1928 20028 528
Anti-PCV2 49 28/28 28/28 28/28 10027
sAb-positive {dpv) 70 28)28 28/28 28/28 27127
91 28/28 26/26 26/26 2525
133 2323 212 2121 20/20
__________________________________________________________________________ .
: Lymphold lesion (dpv) 91 0.33 + 039" 0.62 + 0.55" 086 = 0727 2.06 + 0,65 1
1
L PCV2-antigen (dpv) a1 7.08 + 8.43° 11,22 + 9,55 1342 +10.21* 2595 £14.23" !

Different letters (a and b} indicate significant (P < 0.05) difference between groups.
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transmission in experimental conditions
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Veterinary Microbiology 189 (2016) 86-90
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RO=5.1[95%Cl 2.t National reduction in porcine circovirus type 2 prevalence following ®Crossmrk
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Cheryl M.T. Dvorak™*, Yan Yang®, Charles Haley”, Nikita Sharma®, Michael P. Murtaugh®

< Department of Veterinary and Biomedical Sciences, University of Minnesota, 1971 Commonwealth Ave, St. Paul, MN 55108, USA
b Centers for Epidemiology and Animal Health, USDA-APHIS-VS, 2150 Centre Avenue, Building B, MS 2E7 Fort Collins, CO, USA
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Circurmmesant® PCW2a Cap protein Pigs 1 (=2} or 2 mlL, Ik
PCWRA G2 T
°-.
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Genotyping of Porcine Circovirus 2 (PCV-2) in Vaccinated Pigs
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CPEN Porcine circovirus type 2 (PCV2)
evolution before and after the
vaccination introduction: A large
scale epidemiological study

Giovanni Franzo’, Claudia Maria Tuccliarone’, Mattis Cacchinato & Michele Drigo
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e Animali stressati
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Three different genotypes of porcine circovirus 2 (PCV-2) identified
in pigs and warthogs in Namibia

Umberto Molini"2® - Giovanni Franzo®® - Lené Gous' - Sjandré Moller' - Yvonne Maria Hemberger' -
Bernard Chiwome' - Giuseppe Marruchella*® - Siegfried Khaiseb? - Giovanni Cattoli* - William G. Dundon*®
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Article

The Oryx Antelope (Oryx gazella): An Unexpected Host for
Porcine Circovirus-2 (PCV-2)

Umberto Molini 2, Lauren Michelle Coetzee ?, Maria Yvonne Hemberger ', Siegfried Khaiseb 2, Giovanni Cattoli 3,
William G. Dundon 3" and Giovanni Franzo **
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Emergeranno nuovi genotipi? E come si
—="" comporteranno?
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