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More than 50% ofthe US sow herd has been
exposed to PRRSV
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Swine density &% &
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PRRSV is challenging to control ;' jogs ...
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Genetic and antigenic variability of PRRSV-2
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Genetic and antigenic variability of PRRSV-2
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Multi- strain d namics
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As viruses evolve, immune responses generated agalnst a past
“strain” may become less effective [ifiE &gk, 1% id L K
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- creates a complex system, with different antigenic variants nteracting
through the cross-immunity that is generated within hosts f=4= 71—
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Evolutionary dynamics of PRRSV-2
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Sequences on Genbank

SARS-CoV-2

Human immunodeficiency virus*
Influenza A virus

Hepacivirus hominis (Hepatitis C)
Hepatitis B virus

120538

Influenza B virus 118397

Rotavirus A 93278

Human orthopneumovirus (RSV) 54388

Norwalk virus 50730

Simian immunodeficiency virus = 4
>73 000 Ceetaarterivirus suid 2 (PRRSV-2) 3%11%\
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Enterovirus A 37423

Measles morbillivirus 32222

Enterovirus B 28202

r Primarily human Lyssavirus rabies 26237
vkelinary Hepatitis E virus 24728

. West Nile virus 21831
m Zoonotic Pestivirus bovis (BVDV) 21367
. Alphapapillomavirus 9 (HPV) 18651
Foot-and-mouth disease virus 13383

African swine fever virus 12923

Enterovirus C (Polio) 11782

avian paramyxovirus 1 (Newcastle disease virus) 11576
Avian coronavirus 11500

human gammaherpesvirus 4 (Epstein-Barr virus) 11156
Torque teno virus 10874

Bluetongue virus 10507

Rhinovirus A 10497

Human metapneumovirus 10035
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But we still need to classify PRRSV even in this complex scenario. How do we do it?
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How do we classify PRRSV-2 (ORF5)?  Phvlegenetic Lineages

(ancestral ORF5 families
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L/nea e-based classification
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Between 2001 and 2018, 60% of all UMN VDL sequences were classified as
Lineage 1 20014E£220184E (7], ATAUMN VDL 51 H45 60%4; J12% HLineagel

— From 2013 onwards, >80% [H20134FE#, >80%
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Substructure within Lineage 1?

Lineage 1/ T 4544 ?
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Sub-lineage emergence & Turnover
T3 I AITE

Estimated viral population size for different sub-lineages within
Lineage 1 in the U.S. overtime
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Periodic emer ence events occur‘in the U.S.
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Nextstrain visualization of lineage co-circulation, turnover, and inter-regional spread of PRRSV-2 (Lineage 1)
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However, issues persist ZXi7, 5817 1
. Genetic distances can be hard to calculate and interpret if you have thousands of sequences
WERAET A, A% P 2 A TSRO RS v] AE 2 22 15 N M
RFLPs are not particularly useful RFLPsAS & 45545 F
— Inability to represent genetic relationships between viruses
— TCIRAR 7N B A I A% 58 5
— Distinct viruses with the same RFLP (conversely, similar viruses with different RFLP)
- BAMFRFLPRIAFRN R (MHK, BAAFRFLPHAEBUR R
— Instability over few animal passages
— DR PIEIEAE E
Sub-lineages still form large groups i AR R FEAA

— Difficulty in performing epidemiological investigations, assessing introductions or
persistence solely based on it

AARIE ATV AT R S A . PG BN B B A 1E e S
Variant classification advances of these points
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What is a PRRSV-2 “variant’?
14 2&PRRSV-2"35 1 7 i

» Subdivision within a sub-lineage, in which groups are smaller but still 0.5
phylogenetically linked }

C THEANMMS, PR, EURE RGR B A

« Sequences belonging to the same variant have an average genetic distance of
~2.5%, but can be as high as ~5%

© BT R AR AT R AL BE R Oy 2. 6%, E R = I 5%

« Variants are typically ~5% different from the closest related variant
« A RMAIEN 5 & EIE AR R IR AE L5 K %

* New variants are assigned based on genetic distance from other variants and
phylogenetic stability of the grouping on trees

o MR F AR AR B4R B R DL RDIR I B A R Gt B RIARE N, 20 BO BT I AR

« The number of active variants at any point of time is dynamic, given their frequent
emergence and extinction
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Visualizing variants of PRRSV: an example

PRRSV A £ 0] # 1t :  — 1)

L1H tree of American PRRSV-2 sequences:

» EEPRRSV-2/F 5 ILTHF :
Tree colored by RFLP Tree colored by variant
RFLPZ G200 * - WHZAE G
« Viruses grouped by enzyme cut patterns = « Viruses grouped by ORF5
s in ORF5 0.03 sequence similarity (typically ~2%

genetic distance to each other)
ZORES 7 2H (10 55 P AR DL GEE k2
8] 2 2% 1 1A% B B
« The same sub-lineage 1H tree has
numerous variants that
are well-defined in three
(limited inter-mixing of colors)
o [ RIHME V2B FE =N
EA B E X (iR EE R
« Variant clusters: smaller
than sub-lineages, but still
phylogenetically meaningful

o« ARRAERE: AUBTEUN
—S[z/\ Hfu N ZN y ’
H 22 ~ % N

« MRYEORF5H B DI i 22047 70 41
» This sub-lineage 1H tree contains only
two major RFLP types, which are inter-
mixed on the tree

o XA RIH A A8 AT EZE K RFLPE
R AR RS

» Because of this, these groupings lack
significant meaning

o I, XEFHBRZ B EE L




What variant classifications can and can not tell you ...
B REE VR4, AR BE 5 VR4 -+

X No classification system reliably provides
information on virulence or clinical picture (apparent

v'"More reliable than RFLPs at determining

relatedness, and whether virus A is the same or different _ _ / _ _
than virus B 75 & 4L 2 REME 75 T FLRELPS 58 Al 22k 361 virulence likely influenced by co-infections and
F% 5 AR 75 595 2BAE R 8 A [ other external factors) ‘
o , _ X Ak 7400 SE R ok T8 A Ele IR RIMHIE R (BER
v Discriminate between new and previous wild-type 1l B8 52 3 TR GL s ) A A R 25

. . N :
viruses in a farm (based on ORF5 gene) [X 7343 & X Classifications do not directly translate to immunological

AN AT B A A e (B F-ORFSE D cross-protection, although viruses labeled as the same variant
v More useful for epidemiological investigations, such as| | are more genetically homologous
determining possible sources of introduction and X 7 RN B AN R el N El — AR R R AR 2R R B RN
tracking between-farm spread. ¥ Ty A7 iy dr, g | | [FIR, (BEATE %R 38 XRS5 TH AT BEA7 (2 2 57

FE W] RE AR AL, X A AR I (B 45 A R R A 3k

Other benefits: H-fil1 474
. Su,%)orts organization & findability of additional information about a particular variant

o« IFHAFEIAF I A A

Supports improved synergy & communication between research labs, diagnostic labs, monitoring programs,

and the field
o XIFHIISERFE. i2BSER . BTG RIE b [a] ELF T B e A



Can | classify my sequences into variants?

#¢ 1 J/%%éﬁi/“ f/ N BENG 7

* YES, online classifier (model based), see link on the right

o JE, fELpIREY CGETHEAD , i s AR

 Model trained exclusively on American sequences

o AE A 32 E E A TR AL I 25

 Chinese sequences: can be classified if we can train the model with Chinese
PRRSV-2 diversity

- HEFF. WEAUH S EPRRSV-2E FEMEIZRERL, AT LA H4T 3K

PRRSLoom-Variants

Link to variant
classifier: PRRSLoom




How can the PRRSV-2 variant classification
improve our tracking abilities?

GnAR] X PRRSV—Z@E%%R%?J—‘ SRR BATRIB B
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RFLP 1-8-4

Noise has been added to all coordinates - they do not accurately represent farm locations



RFLP 1-8-4 Variant 1H.11

. tab variants_other if RFLP_others == "1_8_4"
variants_other Freq. Percent Cum.
1A-unclassified 17 0.54 0.54
1A.2 2 0.06 0.61
1C.3 3 0.10 0.70
1C.5 6 0.19 0.89
1D.2 754 24.03 24.92
1H-unclassified 268 8.54 33.46
1H.1 113 3.60 37.06
1H.10 112 3.57 40.63
1H.11 575 18.32 58.95
1H.17 71 2.26 61.22
1H.23 107 3.41 64.63
1H.5 190 6.05 70.68
1H.7 33 1.05 71.73
1H.9 536 17.08 88.81
others 351 11.19 100.00
Total 3,138 100.00

Noise has been added to all coordinates - they do not accurately represent farm locations



A lot changes when sequences are classified using the
variant scheme

SHEHRE IR FAT S PAHATH I K ERZ 2

« Geographic distribution

«  HhIE A . i
« Systems (companies) infected -
+ RBRNRS (RFD e

- Farms infected {37/ 4L

 Epidemiological investigations

«  MATIRTFAE J
Is this a new introduction? IX/&H Gl AL ? ¢
Movement of animals? s HE? T
Routes of transmission? 4% i&1%? :

«  Management choices 5 F i % * SR
Flow of animals <z ¥zl

2020

Baker et. al., 2025, unpublished €D



Take home messages %45

RFLP classification for PRRSV-2 often creates cluster of sequences that are not
epidemiologically meaningful

PRRSV-2HJRFLP 73 2818 2 77 £ — RAINE AT i 7 LB R 51 1%
— Lineages and sub-lineages are an advance, but yield too large groups
—WERMTIE R P, (HeR A KRR

. PRRSV-2 variant classification yields clusters of sequences

PRRSV-238 14 73 3577 A4 - 41

that have a much stronger genetic meaning F. 4 5 5 [ 15t 4% 2 X
— But: not designed to predict virulence or antigenicity
—B % JFAF & AE TN EE B R 1

PRRSV-2 variant classification is available for users .PRRSV-2748 S #k42Ra] 4L F 4

— Chinese PRRSV-2 diversity is needed to train the model to adequately classify Chinese
sequences

— T Z P EPRRSV-2Z FEHE RN, LAt oo 2R E 2 5]
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VR R !

L"Dennis Makau 2 i
'+ Kimberly VandérWaal ot o
‘Julia Baker o~ fos

i &
fNakarln < \
o = =
Pamornchamaéakul coghes N ¥9

Igor Paploski

ipaplosk@umn.edu

Y\ '
SWINE GROUP

Swine Health Information Center

- MSHMP

UMN Vet DlagnOStIC Laboratory Morrison Swine Health Monitoring Project
ISU Vet. Diagnostic Laboratory

MSHMP Participants & Team
Veterinarians and Industry

UNIVERSITY OF MINNESOTA
Driven to Discover®

SWINE DISEASE
ERADICATION CENTER

UNIVERSITY OF MINNESOTA

partners

EEID PRRS team o~ -M
_Declan Schroeder | .ﬁ_ X UNIVERSITY OF MINNESOTA
— Albert Rovira Bt 4 VETERINARY DIAGNOSTIC LAB

— Maxim Cheeran
— | Cesar Corzo

Jll
USDA #saNIFA
~— I
United States Department of Agriculture
National Institute of Food and Agriculture

— Samantha Lycett
— Rowland Kao
— Andrea Doeschl-Wilson


mailto:ipaplosk@umn.edu

