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STRAINS & LINEAGES
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DISEASE ORIGIN
Porcine Reproductive and Respiratory Syndrome

1979 1987

1988

1990

1991

1992Presence of 
antibodies in 

serum (S. Korea)

Antibody detection 
in serum (Canada)

Clinically similar 
outbreak in 

Munster (Germany) 

First outbreak 
reported in North 

Carolina (USA)

Agent was isolated 
from NA outbreaks.

VR-2332 1985

First reported 
outbreak in Asia 

(Japan)

Causative agent 
was isolated at the 
Central Veterinary 

Institute 
(Netherlands)

Koch’s postulates  
were also fulfilled

Lelystad virus (porcine 

alveolar macrophage)

Two separate pathologies:
Reproductive failure in sows (abortions, mummified fetuses and weak born piglets)
Respiratory disease in young pigs

Swine Mystery Disease (SMD)
Swine infertility and respiratory syndrome (SIRS)
Porcine reproductive and respiratory syndrome (PRRS) 1992

https://www.prrs.com/disease-control/virus
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Arteriviridae
Arterivirus
Nidovirales

Small, enveloped virus (45-70 nm diameter)
stranded, non-segmented, positive-sense RNA (12.7 to 15.7 kb) ASF 170-190 kb

A U G CA U G C
AT GCAT GC

A T G C A T G C

THE VIRUS
Porcine Reproductive and Respiratory Syndrome

Virus classification

Double-stranded
Single-stranded

Non-segmented Segmented

https://www.prrs.com/disease-control/virus
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PCV (20nm)

FMDV (30nm)

CSFV (50nm)

PRRSV (45-60nm)

Influenza (80-120nm)

ASFV (175-215nm)

THE VIRUS
Porcine Reproductive and Respiratory Syndrome

https://viralzone.expasy.org/28?outline=all_by_species
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75-80% 20-25%

Polyprotein 1a and 1b >>
14 non-structural proteins (NSPs)

Minor structural 
proteins

Major structural 
proteins

NSP1α, NSP1β, NSP2-6, NSP7α, NSP7β, NSP8-12
Including: replicase, proteases and RNA polymerases

These proteins are expressed only during replication, and they are not part of 
the virion

THE VIRUS
Porcine Reproductive and Respiratory Syndrome

Viral Genome

https://prrscontrol.com/the-prrs-virus/genomic-organisation-and-virus-structure/
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structural protein 
(NSP)

Viral genome

ORF1a

ORF1b

THE VIRUS
Porcine Reproductive and Respiratory Syndrome

PRRS isolate SD11-21_P100
Contemporary L1 vaccine

https://www.ncbi.nlm.nih.gov/nuccore/KU131568

https://www.ncbi.nlm.nih.gov/nuccore/KU131568
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Minor structural proteins

ORF1b

ORF2a
ORF2b

ORF3

ORF4

ORF5 - viral attachment protein (GP5)

ORF6

ORF7

Major structural proteins

https://prrscontrol.com/the-prrs-virus/genomic-organisation-and-virus-structure/

Viral structure

THE VIRUS
Porcine Reproductive and Respiratory Syndrome

Viral genome

https://prrscontrol.com/the-prrs-virus/genomic-organisation-and-virus-structure/
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GP4

PRRSV envelope

GP5

M2b

GP3
GP2a Spike protein complex

Lunney et.al. 2016

Viral structure

THE VIRUS
Porcine Reproductive and Respiratory Syndrome

GP5 – identified as the neutralizing epitope of 
PRRSV responsible for the neutralizing antibody 

activity (Lopez et al. 2004)
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Variant, Lineage, Strain
Variant – a single point of change on the genome  compared to the original virus

Lineage – a collection of variants that define a specific line of the virus

Strain – a lineage that has acquired new properties (transmissibility, infectivity, pathogenicity, immunogenicity)

5’- The-quick-brown-fox-jumps-over-the-head-of-the-lazy-dog -3’

5’- quick-The-brown-fox-jumps-over-the-head-of-the-lazy-dog -3’
5’- The-quick-BROWN-fox-jumps-over-the-head-of-the-lazy-dog -3’
5’- The-quick-brown-fox-jomps-over-the-head-of-the-lazy-dog -3’

5’- quick-The-BROWN-fox-jumps-over-the-head-of-the-lazy-dog -3’
5’- The-quick-BROWN-fox-jumps-over-the-head-of-the-lazy-dog -3’
5’- The-quick-BROWN-fox-jomps-over-the-head-of-the-lazy-dog -3’

5’- The-quick-BROWN-fox-jumps-over-the-head-of-the-lazy-dog -3’
5’- The-quick-BLACK-fox-runs-over-the-head-of-the-lazy-dog -3’

5’- The-quick-BROWN-fox-jumps-over-the-tail-of-the-lazy-dog -3’

GENETIC DIVERSITY
Porcine Reproductive and Respiratory Syndrome
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Paploski 2019https://prrsv.vdl.iastate.edu/

PRRSView sequences between 17FEB2023 and 21 MAR 2023

Phylogenetic analyses based on ORF5

Extremely high genetic diversity

Variant – a single point of change on the genome  compared to the original virus
Lineage – a collection of variants
Strain – a lineage that has acquired new properties

ORF1a

ORF1b

ORF2b

ORF2a

ORF3

ORF4 ORF6

ORF7ORF5

ORF5a

3’

GENETIC DIVERSITY
Porcine Reproductive and Respiratory Syndrome

ORF5

PRRSV1: European or type 1 (Lelystad virus)
4 different subtypes (I, II, III, IV)

PRRSV2: North American or type 2 (VR-2332)
Lineage 1-9 (11)

https://prrsv.vdl.iastate.edu/
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GENETIC DIVERSITY
Porcine Reproductive and Respiratory Syndrome

PRRSV1: European or type 1 (Lelystad virus)
4 different subtypes (I, II, III, IV)

PRRSV2: North American or type 2 (VR-2332)
Lineage 1-9 (11)
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Random Mutation
Highest mutation rate compared to among  well-known viruses
Its RNA polymerase does not have the ability to correct the inherent common 
errors that occur during the transcription of RNA

Random mutation Recombination Immune selection

PRRS virus genetic 
diversity

RNA polymerase
The-quick-brown-fox-jumps-over-the-head-of-the-lazy-dog

GENETIC DIVERSITY
Porcine Reproductive and Respiratory Syndrome

The-quick-brown-fox-jomps-over-the-head-fo-the-lazy-dog
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QUASISPECIES
A virus replicating with a high mutation rate 
generating a diverse mutant repertoire over  the 
course of few generation

GENETIC DIVERSITY
Porcine Reproductive and Respiratory Syndrome
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CLOUD

A swarm of closely related 
but different variant

Porcine Reproductive and Respiratory Syndrome

GENETIC DIVERSITY
QUASISPECIES
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CLOUD

Random mutation

viable virus
Neutral change (no 

biological gain)

Beneficial change

The variant will 
disappear

The variant will 
eventually fade out The variant will prevail

DRIFT

Porcine Reproductive and Respiratory Syndrome

Strain domination concept
Emergence  Peak  (ave. 4.5 years)(Paploski 2021)

GENETIC DIVERSITY

QUASISPECIES
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- The-quick-BROWN-fox-runs-over-the-head-of-the-lazy-dog -3’

The-quick-BROWN-fox-jumps-over-the-head-of-the-lazy-dog -3’

The-quick-BLACK-fox-runs-over-the-head-of-the-lazy-dog -3’

- The-quick-BLACK-fox-jumps-over-the-head-of-the-lazy-dog -3’

Recombination

Exchange of genetic material between two or more strain
Driving force of the evolution of RNA

Recombination has been demonstrated between field isolates, between vaccines, 
and between field isolates and vaccines, for both PRRSV1 and PRRSV2

RNA polymerase
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Immune Selection
Selection pressure cause by  the favoring parental strain that 
can evade the host immune response

5’- The-quick-brown-fox-jumps-over-the-head-of-the-lazy-dog -3’

5’- The-quick-BROWN-fox-jumps-over-the-head-of-the-lazy-dog -3’
5’- The-quick-BROWN-fox-jumps-over-the-head-of-the-lazy-dog -3’

5’- The-quick-BROWN-fox-jumps-over-the-head-of-the-lazy-dog -3’
5’- The-quick-BROWN-fox-jumps-over-the-head-of-the-lazy-dog -3’

Porcine Reproductive and Respiratory Syndrome

GENETIC DIVERSITY
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Consequence of genetic diversity
Impact in  diagnosis, immune response, emergence of new strains, 
virulence, cell tropism, epidemiology etc

Random mutation

Diagnosis

Recombination

Immune response

Immune selection

New strain

PRRS virus genetic 
diversity

PRRSV1 Subtype III Lena strain (Belarus, 2007) 

PRRSV1 Subtype I (Italy, 2003) 

PRRSV1 Subtype I  AUT13-883 and AUT14-440(Austria, 2013) 

PRRSV2 JA 142 and SDSU73 (1996) 

PRRSV2 MN 184 (2001 -2006) 
PRRSV2 MN 414 (2014) 

PRRSV2 HP-PRRSV (2006) 
PRRSV2 HP-PRRSV JL580 and HLJ 58 (2013-2014) 

PRRSV1 Subtype I Rosalia (Spain, 2020) 

PRRSV2 L1C 144 and 124 (2020) 

Porcine Reproductive and Respiratory Syndrome

GENETIC DIVERSITY
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GENETIC DIVERSITY -US
PORCINE REPRODUCTIVE AND RESPIRATORY SYNDROME

 Mainly PRRSV type 2 (US)

Lineage 1 – predominant lineage

L1C variant – first detection in 2020 and increasing ever since

https://prrsv.vdl.iastate.edu/

L1C variant

L1C

L1D beta

L1H

L1A

L5

L8

https://fieldepi.org/domestic-swine-disease-monitoring-program/

Undetermined

L5
L1H

L8
PRRSV1

L1E
L1D beta

L1C variant

L1C
L1A

Trevisan et al. PloS

https://prrsv.vdl.iastate.edu/
https://fieldepi.org/domestic-swine-disease-monitoring-program/
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 PRRSV type 1 (EU) and PRRSV type 2 (US) co-infection (Chae et al. 2021)

Lineage 8 – sublineage 8.7, (HP-PRRSV)

Lineage 1 – sublineage 1.4, NADC-like group, first time reported in 
Vietnam

Vaccine-like strain – lineage 8

L8

L1
L1.4

Nguyen et. al. 2022

GENETIC DIVERSITY -VIETNAM
PORCINE REPRODUCTIVE AND RESPIRATORY SYNDROME
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GENETIC DIVERSITY -TAIWAN
PORCINE REPRODUCTIVE AND RESPIRATORY SYNDROME

Lineage 3 (86.6%) – dominant lineage from 2014-2022, 
predominant sublineages are L3A (34.1%)  and L3C (28.9%)

Lineage 1 (9.5%)– gradually increasing since 2020

Lineage 5 (3.9%) – vaccine lineage

L3

L5

L1

Kuo et. al. 2022
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GENETIC DIVERSITY – CHINA
PORCINE REPRODUCTIVE AND RESPIRATORY SYNDROME

 PRRSV2 is clustered into four lineages

Lineage 1 – spreads rapidly since 2013

Lineage 3

Lineage 5

Lineage 8 – predominant in 1996-2016

L8

L1

L3

Guo et. al., 2018

L5
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GENETIC DIVERSITY – EASTERN CHINA
PORCINE REPRODUCTIVE AND RESPIRATORY SYNDROME

Lineage 8 – HP-PRRSV remained the predominant circulating PRRSV 
in the field

Lineage 1 – sublineage 1.5 and 1.8, NADC 30-like and NADC 34
detection increased in the recent years

Lineage 3

Lineage 5L8

L1

L3

Zhuo et. al., 2022

L5
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GENETIC DIVERSITY – CHINA
PORCINE REPRODUCTIVE AND RESPIRATORY SYNDROME

 909 ORF5 sequences

 Lineage 1  (369)– sub-lineage L1A, L1B, and L1C; showed a clear tendency to 
spread widely 

Lineage 3 (121)

Lineage 5 (72)

Lineage 8 (347) – HP-PRRSV remained the predominant circulating PRRSV in 
the field

L8

L1

L3

Wang et. al., 2022

L5
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GENETIC DIVERSITY -THAILAND
PORCINE REPRODUCTIVE AND RESPIRATORY SYNDROME

L8

L5

L1

Nilubol. 2023

 PRRSV type 1 (EU) and PRRSV type 2 (US) co-infection (Chae et al. 2021)

Lineage 1 – Cluster IV-1 and IV-2; 22 isolates in 2017-2020

Lineage 5 – Cluster III

Lineage 8 – Cluster I-1, I-2 and Cluster II; Sublineage 8.7 (HP
10 isolates in 2017

L8 Thai PRRSV 2017 (10)

L1 Thai PRRSV 2017-2020 (22)

Prior 2017
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GENETIC DIVERSITY -MALAYSIA
PORCINE REPRODUCTIVE AND RESPIRATORY SYNDROME

 PRRSV type 1 (EU) and PRRSV type 2 (US) co-infection (Yong et al. 2022)

Lineage 5 – Sar01/2013 (KU512850) and Sel01/2014 (KU512851)

L5

King et. al. 2017
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GENETIC DIVERSITY -PHILIPPINES
PORCINE REPRODUCTIVE AND RESPIRATORY SYNDROME

 PRRSV type 1 (EU) and PRRSV type 2 (US) co-infection

 ORF 6 analysis  with two clusters (Parayao et al. 2021)

Cluster 1– related to commercial MLV vaccine (L5?)

Cluster 2 – ???

Parayao et. al. 2021

ORF 6
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GENETIC DIVERSITY -PHILIPPINES
PORCINE REPRODUCTIVE AND RESPIRATORY SYNDROME

 PRRSV type 1 (EU) and PRRSV type 2 (US) co-infection

 ORF 6 analysis  with two clusters (Parayao et al. 2021)

Cluster 1– related to commercial MLV vaccine (L5?)

Cluster 2 – ???

ORF 6

Whole genome sequence

Phylogenetic relationship of PRRSV P59 
Laguna strain with selected Asian prototypic 

and modified live PRRSV strains using full 
genome sequences

Parayao et. al. 2021
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GENETIC DIVERSITY -PHILIPPINES
PORCINE REPRODUCTIVE AND RESPIRATORY SYNDROME

 PRRSV type 1 (EU) and PRRSV type 2 (US) co-infection

 ORF 6 analysis  with two clusters (Parayao et al. 2021)

Cluster 1– related to commercial MLV vaccine (L5?)

Cluster 2 – ???

 L1 and L5 sublineage 5.1 (Nilubol. 2023)
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SUMMARY
Porcine Reproductive and Respiratory Syndrome

High genetic diversity and will continue to mutate

Lineage classification of PRRSV2 is based on ORF5

 Glycoprotein 5 (GP5) -> Neutralizing antibodies

Lineage 1 to 9 (11)

Increase detection of L1 isolates 
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