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Analysis, including bioinformatics analysis

Increase our understanding of disease 

Promote the prevention and control



Emergence of PRRSV RFLP 1-4-4 L1C variant

Geological distribution:
-IA and MN (Most frequent)
-Spread to at least other 7 states

Clinical signs: 
-Sow mortality
-Increased mummies
-Abortions 
-Post-weaning mortality
The mortality rate:17.50%

Vaccine:
-Previous vaccination and virus exposure
do not seem to provide immunity to 1-4-4

Sequences available:
-RFLP 1-4-4 lineage 1C variant 
(GenBank no: MW887655)
-46/2020
(GenBank no: MZ423535)

What is different 
is that this strain 
replicates on 
high levels: 

-easily find Ct on 
the 10`s.

-occasional cases 
of below 10.



Lineage, Lineage/sub-lineage classification based on the phylogenetic relationships and genetic 
distance of ORF5 sequences of PRRSV. This variant has been classified as Lineage 1C.

PRRSV RFLP 1-4-4 L1C variant

RFLP, Restriction Fragment Length Polymorphism based on ORF5 of PRRSV. RFLP classification 
alone is not specific enough when referring to this variant. A main limitation of RFLP classification 
is that it does not always correlate with genetic distance, nor does it communicate meaningful 
info about relatedness amongst variants.  

Variant, of all RFLP 1‐4‐4 Lineage 1C PRRSV, only part of them was the variant associated with 
the late 2020 outbreaks. Recombination contributes to the variant.

Emergence of PRRSV RFLP 1-4-4 L1C variant



outline

1. Methods for the genetic diversity analysis of PRRSV: RFLP, lineage and recombination

2. Genetic diversity analysis of RFLP 1-4-4 L1C PRRSV 

3. Recombination of PRRSV



Methods for the genetic diversity analysis of PRRSV: 

RFLP, lineage and recombination
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 RFLP analysis has been proposed to distinguish the modified live vaccine RespPRRS/Repro (parent strain VR-

2332) from wild-type PRRSVs.

 To facilitate the reporting and handling of test data, each isolate is given a numerical code for its ORF5 RFLP 

pattern with enzymes, Mlu I, Hinc II, and Sac II, in that order.

Wesley et al., J Vet Diagn Invest.1998

1.  RFLP classification of PRRSV



Wesley et al., J Vet Diagn Invest.1998

 Wild-type PRRSV:  41572-2 strain, isolated in 1993, was RFLP 1-4-4 type (Wesley et al., 1998).

 modified live vaccine: Prime Pac PRRS+, was also RFLP 1-4-4 type.

Vaccine strains: 

① Ingelvac PRRS MLV, Boehringer
Ingelheim; RFLP 2-5-2 

② Ingelvac PRRS ATP, Boehringer
Ingelheim; RFLP 1-4-2 

③ Fostera PRRS, Zoetis; RFLP 1-3-2 

④ Prime Pac PRRS+, Merck; RFLP 1-4-4 

⑤ Prevacent PRRS, Elanco; RFLP 1-8-4

1.  RFLP classification of PRRSV



How to determine the RFLP pattern of a PRRSV strain?

For small number of sequences, the RFLP patterns could be judged by comparing with the reference ORF5 sequences 
for each RFLP pattern.

For large number of sequences, it is recommended to use specialized programs or software, such as the RFLP pattern 
bank information maintained by the University of Minnesota.

Trevisan et al., J Vet Diagn Invest.2021



Shi et al., J Virol, 2010; Paploski et al., Vaccines, 2021

 Lineage: Systematic classification has led to strains of PRRSV-2 being phylogenetically classified into 
lineages 1–9. The inter-lineage diversity was at least 11%

 Lineage 1 has been further categorized into eight sub-lineages, L1A–L1H. The diversity within L1A-
L1H was over 7%.

2.  Lineage classification of PRRSV



Paploski et al., Vaccines. 2021;  Swine Health Monitoring Project, 2021   

L1A and L1C were the dominant sublineages in the US
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3. Recombination between viruses
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Recombination analysis



Recombination analysis of PRRSV



Genetic diversity analysis of RFLP 1-4-4 L1C PRRSV 
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The RFLP 1-4-4 L1C variant, which newly emerged in the US in late 2020, is 

spreading rapidly across several states as a recombinant of three PRRSV strains, 

with the mosaic ORF5 gene contributing to the formation of an independent 

variant.

Is there any RFLP 1-4-4 L1C PRRSV in other countries?



Isolation of a RFLP 1-4-4 L1C PRRSV, HLJ-80 strain

In press 



Distribution of RFLP 1-4-4 PRRSVs in China

In press 

 Geographical distribution: the RFLP 1-4-4 PRRSV was distributed in more than 10 provinces, and mainly 
distributed in Henan, Guangdong and Shandong provinces, accounting for 31.15%, 10% and 5.38%, respectively. 

 Temporal distribution: The RFLP 1-4-4 virus was dated back to 2003.



RFLP Patterns of PRRSV-2 in GenBank, 2016-2021 

 The PRRSV-2 ORF5 sequences in GenBank from 2016-2021, including PRRSVs from the US (n=1 167), China 

(n=635), Canada (n=65), India (n=29), Peru (n=12), South Korea (n=7) and Vietnam (n=3)

 RFLP classification revealed there are 36 RFLP patterns. RFLP 1-7-4, 1-4-3 and 1-4-4 are main patterns.

 The RFLP patterns of PRRSVs in the US (28 types) and China (23 types) show high diverse.

In press 



Recombination analysis of PRRSV
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Importation and recombination of NADC30-like PRRSV

Clinical symptoms:

• high fever

• morbidity (100%)

• mortality (77%, 230/300)

Jilin province, 
2013



A. Homologous recombination analysis 

B. The phylogenetic tree of non-combination regions

C.     The phylogenetic tree of combination regions

Recombination analysis of NADC30-like PRRSV JL580 strain



Zhao K, , , An TQ*, J Virol, 2015

The recombinant virus has high pathogenicity and a mixed genetic background, which makes it complex to 
control the disease. 

Pathogenicity of NADC30-like PRRSV JL580 strain



Recombination of PRRSV in China and the US in 2014–2018

NA-type PRRSVs , n=713
Sequenced in this  study, n=138 (36 + 102)
From GenBank ,  n=575 (217 + 358） Lineage classification Intra-lineage recombination



Recombination hot spots: 

NSP1 and NSP11 coding regions from  1991-2013. 

NSP9,GP2-GP3 coding regions from 2014-2018.

Recombination patterns: 

During 2014 –2018, the major inter-lineage 

recombination patterns observed were L1 and L8 

PRRSVs.

Inter-lineage recombination of 

PRRSV in China，1991-2018

NSP9
GP2-GP3

25%

NSP1

NSP11

25%

Yu F, , , An TQ*, J Virol, 2020



• Recombination hot spots: NSP9,GP2 and 

GP3 coding regions from 2014-2018.

• Recombinants evolved from a complex 

pattern of L1+L4, L1+L5, and L1+L8 

during 1991–2013, into a singular 

pattern dominated by L1+L5 during 2014 

–2018.

Inter-lineage recombination of 

PRRSV in the US，1992-2018
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GP2-GP3

25%

NSP9

25%

NSP11-12
GP2



NSP9 (RdRp) contributes to the replication of PRRSV

RdRp

Li et al., Plos Pathogens, 2014



NSP9 (RdRp) contributes to the replication of PRRSV



Infectious clones:

HP-PRRSV:            HuN4 strain

Classical PRRSV:  CH-1a strain rHuN-S519T                      rHuN-T544A              rHuN-S519T-T544A                  rHuN4       

rCH-T519S                         rCH-A544T                rCH-T519S-A544T mock 

NSP9 (RdRp) contributes to the replication of PRRSV



Marc-145 cells PAM cells Marc-145 cells PAM cells

NSP9 (RdRp) contributes to the replication of PRRSV



Zhao K, , ,An TQ*, J Virol, 2018

NSP9 (RdRp) contributes to the replication of PRRSV





Take Home Message

1. Intra-lineage recombination is responsible for the emergence of RFLP

1-4-4 lineage 1C variants in the US.

2. RFLP 1-4-4 L1C PRRSVs are dominant in China and the US.

3. Recombination is frequent in PRRSV. Recombination hotspots were

located in the NSP9 and in the GP2-GP3 region.



Thank you for your attention!
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