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Highlights
●●	 A novel PRRSV L1A variant, characterized by a unique recombination pattern derived from NADC30-like, NADC34-like, 

and HP-like strains, has emerged as a circulating strain in China.
●●	 Epidemiological analyses indicate that L1A variants have spread rapidly and are now prevalent in at least 12 provinces 

across China.
●●	 The L1A variant exhibits moderate pathogenicity in piglets, characterized by persistent fever, impaired weight gain, severe 

pulmonary lesions, and prolonged viremia with high viral loads.

Abstract
NADC34-like porcine reproductive and respiratory syndrome virus (PRRSV), which first appeared in China in 2017, is 
currently one of the main epidemic strains in China.  In this study, we found that a new variant of NADC34-like PRRSV 
evolved, named the L1A variant.  The phylogenetics, epidemic status, and pathogenicity of the LA variants were 
subsequently comprehensively evaluated.  Based on the results of the ORF5 phylogenetic analysis, the L1A variants were 
classified as NADC34-like PPRSV.  All the strains had the same discontinuous 131-aa deletion in the NSP2 region (similar 
to that in the NADC30).  Recombination analysis revealed that the L1A variants were recombinant viruses that contained an 
NADC30-like PRRSV skeleton, a nonstructural protein-encoding gene region obtained in part from JXA1-like PRRSV and a 
ORF2-ORF6 gene region partly obtained from NADC34-like PRRSV and that exhibited similar recombination patterns.  We 
successfully isolated the L1A variant TZJ2756 from PAMs and Marc-145 cells.  In animal experiments, TZJ2756 exhibited 
moderate pathogenicity in piglets, causing obvious clinical symptoms, namely, persistent fever, significantly reduced body 
weight, interstitial edema and severe interstitial pneumonia in the lungs, and prolonged high-load viremia.  L1A variants have 
been detected in at least 12 provinces in China and share many similar epidemiological characteristics with the American 
L1C variant.  This research will enhance our understanding of the prevalence of L1A variants and furnish valuable data for 
the ongoing monitoring of NADC34-like PRRSV in China.
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1. Introduction
Porcine reproductive and respiratory syndrome (PRRS) 
is a highly significant and destructive infectious disease 
in the commercial pig farming industry that has significant 
economic consequences (Nathues et al. 2017).  PRRS virus 
(PRRSV), which is responsible for causing PRRS, is an 
enveloped, positive-sense RNA virus categorized under the 
order Nidovirales and the family Arteriviridae (Brinton et al. 
2021).  The genome size was estimated to be approximately 
15 kb, consisting of a 5´-untranslated region (UTR), at least 
11 overlapping open reading frames (ORFs), and a 3´-poly(A) 
tail (Li et al. 2015).  PRRSV can be divided into two species: 
Betaarterivirus suid 1 (PRRSV-1) and Betaarterivirus suid 2 
(PRRSV-2) (Sun et al. 2023).  Since the initial identification 
of PRRSV in China in 1996, the PRRSV-2 strain has 
consistently prevailed as the primary circulating strain within 
the country (Guo et al. 2018).

The extensive genetic diversity exhibited by PRRSV is 
a notable trait.  In 2010, Shi et al. (2010a, b) developed 
a global classification system for PRRSV by conducting 
a comprehensive analysis of the ORF5 gene sequence.  
According to this system, PRRSV-2 is classified into nine 
lineages (Lineages 1-9), each containing several sublineages.  
At present, PRRSV Lineage 1 is the most widely distributed 
and genetically complex lineage in the world (Paploski et al. 
2021; Zhang et al. 2022; Kim et al. 2023; Lee et al. 2023; 
Yim-im et al. 2023).  In 2021, American researchers used 
more than 20,000 ORF5 gene sequences to further divide 
PRRSV Lineage 1 into 8 sublineages, L1A-L1H (Paploski 
et al. 2021).  In China, two sublineages of PRRSV-2 Lineage 
1 strains, namely, NADC30-like (L1.8/L1C) and NADC34-
like (L1.5/L1A), have been identified, and these strains were 
initially discovered in China in 2012 and 2017, respectively 
(Zhou et al. 2015; Zhang et al. 2018).  NADC30-like PRRSV 
strains with a discontinuous 131-aa (322–432, 483 and 
504–522) deletion in Nsp2 have gradually become the 
dominant strains in recent years (Guo et al. 2019).  NADC34-
like PRRSV carried a genetic marker of a 100-aa deletion 
at positions 328–427 of the Nsp2 gene of VR2332 (Xu 
et al. 2020).  In recent years, NADC34-like PRRSV strains 
have rapidly spread throughout China and are currently the 
predominant circulating strains of PRRSV-2, along with the 
NADC30-like and HP-PRRSV strains (Xu et al. 2022a; Zhao 
et al. 2022).

Recombination events in PRRSV are common and occur 
frequently within and/or between lineages, resulting in the 
emergence of new PRRSV variants and changes in the 
viral pathogenicity (Cui et al. 2022).  However, widespread 
PRRSV strains with the same recombination pattern have 
rarely been reported.  In the autumn of 2020, pig producers in 
the midwestern U.S. experienced atypical production losses 
caused by the RFLP 1-4-4 L1C variant strain (MW887655) 
(Kikuti et al. 2021; Trevisan et al. 2021a).  The RFLP 1-4-4
L1C variant strains are derived from the recombination of 
L1C (NADC30-like) and L1A (NADC34-like) PRRSV strains, 
which have a great impact on the local pig industry, and these 
strains share high homology and the same recombination 
pattern (Pamornchainavakul et al. 2022).  With the rapid 

spread of NADC34-like PRRSV strains in China, the number 
of reports on these strains has increased.  The characteristics 
of the NADC34-like PRRSV strains currently circulating in 
China and whether they share similar genomic features with 
the U.S. L1C variant strain remain unclear.

In this study, we discovered that NADC34-like PRRSV 
has undergone 7 years of evolution in China, resulting in the 
emergence of a new variant strain, which was named the L1A 
variant.  We further sequenced the whole genomes of eight 
L1A variants, comprehensively analyzed their whole-genome 
characteristics, and evaluated their pathogenicity.

2. Materials and methods
2.1. Sample collection and genome sequencing
Our laboratory has monitored the prevalence of PRRSV in 
China for a long time.  Since the discovery of NADC34-like 
PRRSV recombined with local NADC30-like strains in China 
in 2020, increasing numbers of NADC34-like PRRSVs with 
the same discontinuous 131-aa deletion in the Nsp2 region 
as in the NADC30 strain have been reported.  To explore the 
genome-wide characteristics and pathogenicity of the newly 
isolated NADC34-like PRRSV strains with a discontinuous 
a 131-aa discontinuous deletion in the Nsp2 region from 
2021 to October 2023, clinical samples positive for new 
NADC34-like PRRSV were collected from 8 pig farms in 4 
regions, namely, Inner Mongolia, Liaoning, Heilongjiang and 
Henan (Table 1).  Tissue sample processing, RNA extraction, 
cDNA preparation, and RT-PCR were conducted following 
previously described methods (Zhang et al. 2019).  The 
primers used to detect the PRRSV ORF5 gene and amplify 
entire gene sequences were described previously (Zhang 
et al. 2019).  Following PCR, the products were purified using 
a gel extraction kit from Omega (USA) and subsequently 
cloned and inserted into the PMD18-T cloning vector from 
TaKaRa (Japan).  Transformation of the cloned products was 
carried out using DH5α competent cells from Shenggong 
(China), and three positive clones for each fragment were 
chosen for Sanger sequencing at Ruibiotech (China).  The 
obtained sequences were subsequently assembled using 
Lasergene software provided by DNASTAR, Inc.

2.2. Sequence analysis and phylogenetic analysis 
The ClustalW algorithm, implemented in MegAlign in 
Lasergene Software (DNASTAR, Inc.), was used for amino 
acid sequence alignment.  The ORF5 and whole-genome 
sequences of reference strains sourced from the GenBank 
database and PRRSV strains obtained during this study were 
aligned using MEGA7 and MAFFT, respectively (Katoh and 
Standley 2013; Kumar et al. 2016).  MEGA7.0 software was 
used for molecular evolutionary analyses and construction of 
phylogenetic trees via the neighbor-joining method with 1,000 
bootstrap replications (Kumar et al. 2016).  The resulting 
phylogenetic tree was annotated using FigTree (v1.4.4) 
software.

To assess recombination, the alignment was subjected to 
screening using RDP4 software (Murtaugh et al. 2010).  Seven 
different algorithms (RDP, GeneConv, BootScan, MaxChi, 
Chimera, SiScan, and 3Seq) with Bonferroni correction were 
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employed to test for potential recombination events.  Detection 
by four or more of these methods implemented in RDP4 
was considered significant evidence of recombination (Shi 
et al. 2013).  To summarize the recombination patterns of the 
strains, representative L1A (IA/2014/NADC34, accession: 
MF326985.1), L1C (NADC30, accession: JN654459.1), L8.7 
(JXA1, accession: EF112445.1), L3.5 (QYYZ, accession: 
JQ308798.1), and L5.1 (VR2332, accession: EF536003.1) 
strains were selected as reference strains for recombination 
analysis.  The virus strains that did not participate in the 
recombination were then deleted to determine the final 
recombination location.  Recombination events were further 
identified using Simplot v 3.5.1, and boot scanning analysis 
was conducted with a 200-bp window, sliding along the 
genome alignment with a step size of 20 bp.

The genetic diversity of new PRRSV strains has been 
characterized using restriction fragment length polymorphism 
(RFLP) typing, which is based on the cleavage patterns of 
ORF5 obtained with three restriction enzymes (MluI, HincII, 
and SacII) (Trevisan et al. 2021b).

2.3. Virus isolation
Primary alveolar macrophages (PAMs) were derived from 
5-wk-old specific-pathogen-free (SPF) pigs and maintained 
in RPMI 1640 medium (Gibco BRL Co., Ltd.,  USA) 
supplemented with 10% fetal bovine serum (FBS; OPCEL., 
China) (de Abin et al. 2009).  The PRRSV-positive sample 
suspensions were filtered through 0.22-µm filters and 
subsequently inoculated onto PAMs and Marc-145 cells (an 
African green monkey kidney cell line) to isolate the virus 
(Zhang et al. 2019).  After three days, the cultures were 
harvested and stored as viral stocks at –80°C.  Cultures 
from PAMs after the third passage were utilized for animal 
experiments.  The viral titer was determined using methods 

described previously (Song et al. 2020).

2.4. Immunofluorescence assays
Immunofluorescence assays (IFAs) were performed 
following a previously described protocol (Leng et al. 2012).  
PAMs and Marc-145 cells were inoculated with the PRRSV 
isolate TZJ2756 (GenBank accession: OQ748875.1) to 
prepare viral antigens.  Monoclonal antibodies against 
PRRSV-2 1H4 were added to the cells, which were 
subsequently incubated for 30 min (Li et al. 2022).  After 
three washes with PBS, the cells were incubated with 
FITC-conjugated goat anti-mouse IgG antibody (Sigma, 
USA) and secondary antibodies for 30 min.  The cells were 
then washed three times with PBS and examined under a 
fluorescence microscope in PBS.

2.5. Animal experiments
Eight 6-wk-old SPF piglets were randomly assigned to two 
groups, a challenge group (n=5) and a control group (n=3), 
and were housed individually in biosafety rooms.  The piglets 
in the challenge group and those in the control group were 
intramuscularly (2 mL) and intranasally (2 mL) administered 
TZJ2756 (1×105 TCID50 mL–1, 4 mL per pig) and RPMI 1640, 
respectively.  Throughout the duration of the experiment, the 
rectal body temperatures and clinical signs of the piglets were 
documented on a daily basis.  Additionally, the body weight of 
each piglet was measured weekly.

Blood samples were collected at 0, 3, 7, 10, 14, 17, and 
21 days post inoculation (dpi) for viremia detection using a 
real-time quantitative PCR (RT-qPCR) method developed 
by our laboratory (Song et al. 2020).  All the pigs were 
euthanized at d 21 dpi, and tissue samples were obtained 
from the heart, liver, spleen, lungs, kidneys, submaxillary 

Table 1  Information of all reported whole genome L1A variant strains 
Taxa Accession no. Regions Clinical signs Isolation date RFLP pattern References
TZJ2165 OL516356 Heilongjiang Unknown 2021 1-4-2 This study
WK621 OQ790147 Inner Mongolia Sow abortion rate of 20% and 

piglet mortality rate of 20%
2022 1-4-2 This study

TZJ2451 OQ790146 Liaoning Unknown 2022 1-4-2 This study
TZJ2756 OQ748875 Liaoning Sow abortion rate of 40% and 

piglet mortality rate of 50%
2023 1-7-2 This study

WK730 OR826314 Heilongjiang Sow abortion rate of 40% and 
piglet mortality rate of 20%

2023 1-7-1 This study

TZJ3005 OR826313 Liaoning Sow abortion rate of 20% 2023 1-5-4 This study
TZJ3115 OR826315 Henan Unknown 2023 1-3-4 This study
TZJ3116 OR826316 Henan Sow abortion rate of 20% 2023 1-7-4 This study
BJ20-06 MZ047780 Beijing Unknown 2020 1-4-4 Not found
JS2020 MZ342900 Jiangsu Unknown 2020 1-7-4 Not found
PRRSV-China/
SCcd2020/2020

MW803134 Sichuan Morbidity was about 75%, with a 
mortality of 15%

2020 1-7-4 Zhou et al. (2023)

SDlz20-04 MZ047781 Shandong Unknown 2020 1-4-4 Not found
YC-2020 ON180781 Shanxi Unknown 2020 1-7-4 Zhao et al. (2023)
GXQZ20210403 OK486523 Guangxi Unknown 2021 1-7-4 Wang et al. (2022)
PRRSV/CN/
FJGD01/2021

OL310959 Fujian Sow abortion rate of 20% and 
piglet mortality rate of 10%

2021 1-6-4 Liu et al. 2022)

GD-H1 ON691479 Guangdong Unknown 2021 1-7-4 Wu et al. (2022)
GD-F1 ON691480 Guangdong Unknown 2021 1-5-4 Wu et al. (2022)
CH-HNPY-01/2022 OP716076 Henan Unknown 2022 1-5-4 Not found
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lymph nodes, tonsils, small intestine, bladder, and stomach 
for virus detection via RT-qPCR.  Furthermore, at 21 dpi, lung 
and submaxillary lymph node samples were obtained from 
each piglet.  These samples were fixed in a 4% formaldehyde 
solution and subsequently prepared for histopathological 
analysis via hematoxylin and eosin staining.

2.6. Serological testing
PRRSV-specif ic ant ibodies were assessed using a 
commercially available ELISA Kit (IDEXX, Inc., Westbrook, 
ME, USA) according to the manufacturer’s instructions.  
According to the manufacturer’s guidelines, sample-to-
positive control (S/P) ratios exceeding 0.4 were considered 
indicative of a positive result.

2.7. Statistical analysis
To determine significant differences between the two groups, 
a t-test (and nonparametric tests) was conducted using 
GraphPad 6.0 (San Diego, CA, USA).  The significance level 
was set to P<0.05.

3. Results
3.1. Sample collection and whole-genome sequencing
In this study, new NADC34-like PRRSV-positive samples 
were collected from 8 pig farms in 4 regions in China from 
2021 to 2023 (Table 1).  The genomes of these isolates 
were 15,001–15,020 nt in length, excluding 3´ poly (A) tails.  
The clinical incidence of some positive samples is shown in 
Table 1, among which the TZJ2756 strain exhibited the most 
severe clinical manifestations.

3.2. Phylogenetic analysis and distribution of L1A 
variants
To establish genetic relationships between newly expressed 
NADC34- l i ke  PRRSV and o ther  PRRSV iso la tes , 
phylogenetic trees were constructed based on the ORF5 
gene sequences.  Analysis of the ORF5 gene sequences 
revealed that all the newly isolated NADC34-like PRRSV 
strains formed a separate clade similar to that of the US 
L1C variant, and the strains in this clade were named L1A 
variants (Fig. 1-A).  To analyze the genetic characteristics of 
the L1A variant in more detail, we obtained all the complete 
genome sequences of L1A and L1C PRRSV from GenBank.  
By conducting a phylogenetic analysis, we found that the L1A 
variants were classified as L1C (NADC30-like) and formed a 
separate clade, which indicates that the L1A variant is a new 
type of recombinant virus (Fig. 1-B).  As of November 2023, 
a total of 18 PRRSV strains with available whole-genome 
sequences, including strains TZJ2165, TZJ2451, TZJ2756, 
TZJ3005, TZJ3115, TZJ3116, WK621 and WK730, were 
classified as L1A variants (Table 1).

Taken together, the information from this study and from 
GenBank indicated that L1A variant strains have been found 
in at least 12 regions in China, including Heilongjiang, Inner 
Mongolia, Liaoning, Beijing, Henan, Guangxi, Jiangsu, 
Sichuan, Fujian, Shandong and Shanxi, as of October 
2023.  These regions cover most of the major pig-producing 
provinces in China (Table 1).

3.3. Recombination analysis
The recombination events in the new L1A variants were 
analyzed using SimPlot and RDP4, and the results indicated 
that the new L1A variants (TZJ2165, TZJ2451, TZJ2756, 
TZJ3005, TZJ3115, TZJ3116, WK621 and WK730) were all 
recombinant viruses that originated from a combination of 
NADC30-like PRRSV (L1C), NADC34-like PRRSV (L1A) 
and JXA1-like PRRSV (L8.7).  The specific recombination 
locations and fragment sizes are shown in Table 2.  According 
to a similarity plot, these new L1A variants exhibit very similar 
recombination characteristics (Appendix A).  All of these 
strains have two similar recombination fragments (A and B).  
New L1A variants were primarily derived from NADC30-like 
PRRSV with recombination of JXA1-like PRRSV in certain 
nonstructural protein regions (fragment A) and recombination 
of the NADC34-like strain in certain structural protein regions 
(fragment B) (Appendix A); fragment A is located in the Nsp3-
NSP9 region, whereas fragment B is located in the ORF2-
ORF6 region.  The TZJ2165, TZJ2451, TZJ2756, TZJ3115 and 
TZJ3116 strains also exhibited additional recombination with 
JXA1-like PRRSV in the Nsp1 and Nsp2 regions (Appendix A).

To determine the recombination patterns of the L1A variant 
strains, we further analyzed the recombination modes of all 
the L1A variant strains with complete genome sequences 
available in the GenBank database (Table 2).  These strains 
also had two recombination fragments (A and B), similar to 
the L1A variant found in this study (Table 2).  Therefore, the 
L1A variant strain is a novel recombinant PRRSV with similar 
recombination characteristics in the Nsp3-Nsp9 region and 
ORF2-ORF6 (Fig. 1-C).

3.4. NSP2 amino acid and RFLP analysis
Amino acid sequence alignment revealed that, compared with 
that of VR2332, the L1A variant exhibited a discontinuous 
deletion of 131 (111+1+19) amino acids in Nsp2, similar to 
what was observed in the NADC30 strain, specifically at 
positions 322–432 aa, 483 aa, and 504–522 aa (Fig. 1-E).  
In contrast, the L1C variant harbors a continuous 100-aa 
deletion at residues 328–427 of VR-2332 Nsp2, which is 
consistent with the patterns observed for IA/2014/NADC34 
(Fig. 1-E).  This finding is consistent with the results of the 
recombination analysis.

The results of the RFLP pattern analysis showed that the 
L1A variants did not exhibit consistent RFLP patterns; the 
patterns included 1-4-2, 1-3-4, 1-4-4, and 1-7-4 (Table 1).  
Therefore, the L1A variant had the same Nsp2 amino-acid-
deletion characteristics but did not form a unified RFLP pattern.

3.5. Virus isolation and homology comparison
To assess the pathogenicity of the Chinese L1A variant 
strains, tissue homogenates from samples containing L1A 
variants were introduced into PAMs and Marc-145 cells in 
this study.  However, the IFA results revealed that only the 
TZJ2756 strain was able to replicate in PAMs and Marc-145 
cells for three consecutive passages (Fig. 2).

Full-length genome sequence alignment revealed that the 
L1A variant shared 85.0–86.4% sequence identity with IA/2014/
NADC34, 88.7–90.7% identity with NADC30, and 83.4–85.9% 
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Fig. 1  Phylogenetic analysis, deduced amino acid sequence alignment of Nsp2 and virus recombination diagram of the L1A 
variant.  A, phylogenetic tree constructed based on the ORF5 gene of novel L1A variant isolates and reference respiratory syndrome 
virus (PRRSV) strains from each lineage.  B, phylogenetic tree constructed based on the full-length genomes of Chinese PRRSV L1A 
variant isolates and all whole-genome sequences of the PRRSV L1A and L1C strains worldwide.  The red branches represent Chinese 
L1A variant strains, the blue branches represent L1A (NADC34-like) strains, and the orange branch represents L1C (NADC30-like) strains.  
The new whole-genome sequence obtained in this study is represented by red circles (●).  Schematic diagram of the recombination of the 
Chinese L1A variant (C) and American L1C variant (D) strains.  The blue color represents JXA1-like PRRSV, the yellow color represents 
NADC30-like PRRSV, and the red color represents NADC34-like PRRSV.  The white area indicates the absence of characteristic amino 
acids.  E, identification of PRRSV strains with an amino-acid deletion in Nsp2.  The red color indicates the continuous deletion of 100 
amino acids.  The yellow color shows the discontinuous deletion of 131 amino acids.

Minor parental strain
NADC30-like PRRSV100 aa continuous deletion

Lineage1C variant
Major parental strain NADC34-like PRRSV

131 aa discontinuous deletion Minor parental strain
NADC34-like PRRSV

Lineage1A variant
Major parental strain NADC30-like PRRSV

Minor parental strain HP-like PRRSV

A  OL963977.1 D21-009416
 OL963976.1 D21-004456
 MZ423535.1 46/2020
 OL963966.1 D20-038994
 OL963969.1 D20-040200
 OL963971.1 D20-040878
 OL963967.1 D20-039022
 OL963968.1 D20-039770
 OL963970.1 D20-040646
 OL963975.1 D21-003704
 MW887655.1 RFLP 1-4-4 lineage 1C variant

 OL963978.1 D21-013244
 OL963973.1 D20-041921
 OL963974.1 D20-043888
 ON157048.1 UIL21-0712
 OL963979.1 D21-015770

 OL963961.1 D18-046927
 OL963972.1 D20-041505
 OL963964.1 D20-020320
 OL963963.1 D20-017910
 OL963962.1 D20-003114
 OL963965.1 D20-034318

L1C variant

 MH651741.1 LNCH-1604
 KR706343.1 JL580
 MN648450 HLJZD22-1812

 MH651746.1 SDQZ-1609
 MH651744.1 SD53-1603

 MH500776.1 NADC30
 KP861625.1 CHsx1401

 MG860516.1 LNWK96
 MH651748.1 TJZH-1607

 KP860909.1 FJZ03
 OL516360.1 LNTZJ1341-2012
 KP283414.1 Minnesota1

 MF326988.1 IA/2013/ISU-1
 MF327000.1 IA/2015/ISU-13

 MF326996.1 IA/2015/ISU-9
 KX192112.1 NCV-13
 MF326993.1 OH/2014/ISU-6
 MH370474.1 CH/2018/NCV-Anheal-1
 KT258005.1 SDSU60

 KT257966.1 ISU10
 MF326987.1 IA/2015/NADC36

 MF326997.1 IA/2015/ISU-10
 MF326985.1 IA/2014/NADC34
 MF326986.1 IA/2015/NADC35

 MN648054 LNDZD10-1806
 MK202794.1 FJ0908
 MG913987.1 LNWK130
 OL516357.1 HLJWK318-2001

 MN648449 HLJDZD32-1901
 ON180781.1 YC-2020
 ON691480 GD-F1

 OK486523.1 GXQZ20210403
 TZJ3115

 TZJ2165
 TZJ3005

 WK730
 MZ047780.1 BJ20-06
 MZ047781.1 SDlz20-04

 TZJ2451
 TZJ2756

 MW803134.1 PRRSV-China/SCcd2020/2020
 WK621

 TZJ3116
 MZ342900.1 JS2020

 CH-HNPY-01/2022
 OL310959.1 PRRSV/CN/FJGD01/2021
 ON691479 GD-H1

L1A variant

 MK453049.1 PRRSV-ZDXYL-China-2018-1
 OL516348.1 HLJPY32-2109

 OL516347.1 HLJPY18-2009
 MN648055 HLJZD30-1902

 EF536003.1 VR2332
 AY032626.1 CH-1a
 EU807840.1 CH-1R

 EU864232.1 SHB
 EU860248.1 TJ
 EF112445.1 JXA1
 EU213123.1 HUN4

Linaege8

 JN662424.1 GM2
 JQ308798.1 QYYZ Lineage3

 JF802085.1 lena
 GU047345.1 NMEU09-1

 GU047344.1 BJEU06-1
 JX187609.1 NVDC-NM1-2011

 M96262.2 Lelystad virus
 KF991509.2 DV
 KT224385.1 HLJB1
 KF001144.1 GZ11-G1

 GQ461593.1 SHE
 GU067771.1 Amervac PRRS

PRRSV-1

97

100

83

99

47
96

80
55

100

100

80
99

100

97
99

90

53

59
39

57

11

29
3

40

35

9

62

28

68

32

32

43

99

11
10

29

39

100

68

90

95

93

9699

95

97

51

65

73

31
34
30

22

25

20

43

23

20

83

100

38

63

30

19

16

26

37

51

53

53
44

17

25 6

8

17
10

9
8

N
AD

C
30

-li
ke

 P
R

R
SV

 L
1C

 (s
ub

lin
ea

ge
1.

8)
N

AD
C

34
lik

e 
PR

R
SV

 L
1A

 (s
ub

lin
ea

ge
1.

5)

PRRSV-1

N
AD

C
34

lik
e 

PR
R

SV
 L

1A
 (s

ub
lin

ea
ge

1.
5)

L1C variant 

NADC30

NADC34

L1A variant 

PRRSV-2
(L1A+L1C)

 OL963967.1 D20-039022
 OL963966.1 D20-038994

 OL963968.1 D20-039770
 OL963969.1 D20-040200
 OL963974.1 D20-043888
 OL963973.1 D20-041921

 OL963970.1 D20-040646
 MW887655.1RFLP 1-4-4 Lineage 1C variant
 OL963975.1 D21-003704
 OL963976.1 D21-004456

 OL963971.1 D20-040878
 OL963977.1 D21-009416

 MZ423535.1 46/2020
 OL963978.1 D21-013244

 OL963979.1 D21-015770
 OL963962.1 D20-003114
 OL963963.1 D20-017910
 OL963964.1 D20-020320

 ON691480.1 GD-F1
 OL310959.1 PRRSV2/CN/FJGD01/2021
 OP716076.1 CH-HNPY-01/2022

 MZ342900.1 JS2020
 WK621

 MZ047781.1 SDlz20-04
 MZ047780.1 BJ20-06

 WK730
 TZJ3005

 ON180781.1 YC-2020
 OK486523.1 GXQZ20210403
 ON691479.1 GD-H1
 OL516356.1 HLJTZJ2165-2108

 TZJ3115
 TZJ2756
 TZJ2451

 MW803134.1 PRRSV-China/SCcd2020/2020
 TZJ3116

N
AD

C
30

-li
ke

 P
R

R
SV

 L
1C

 (s
ub

lin
ea

ge
1.

8)

+328 +427

+322 +432 +483 +504 +522

TZJ2756
TZJ2165
TZJ2451
TZJ3005
TZJ3115
TZJ3116
WK621
WK730
CH-HNPY-01/2022
PRRSV/CN/FJGD01/2021
JS2020 
BJ20-06
SDlz20-04
YC-2020
GXQZ20210403
GXNN20210506
PRRSV-China/SCcd2020/2020
GD-H1
GD-F1

L1
A 

va
ria

nt
L1

C
 v

ar
ia

nt

B

C D

E
VR2332
IA/2014/NADC34
LNWK130
RFLP 144 Lineage 1C variant
D21003704
D20040646
D21004456
46/2020

NADC30
FJZ03
SD



240 Hu Xu et al.  Journal of Integrative Agriculture  2026, 25(1): 235–246
Ta

bl
e 

2 
  I

nf
or

m
at

io
n 

on
 re

co
m

bi
na

tio
n 

ev
en

ts
 o

f L
1A

 v
ar

ia
nt

 d
et

ec
te

d 
by

 R
PD

4 
so

ftw
ar

e1)

S
tra

in
s

B
re

ak
po

in
ts

P
ar

en
ta

l s
eq

ue
nc

e
D

et
ec

tio
n 

m
et

ho
ds

 (P
-v

al
ue

)
B

eg
in

ni
ng

E
nd

in
g

M
in

or
M

aj
or

R
D

P
G

en
ec

on
v

B
oo

tS
ca

n
M

ax
C

hi
C

hi
m

ae
ra

S
iS

ca
n

3S
eq

W
K

73
0

5,
09

5
7,

68
1

JX
A

1
N

A
D

C
30

6.
51

0×
10

–4
8

2.
60

9×
10

–3
1

2.
11

3×
10

–4
6

4.
70

9×
10

–1
7

2.
85

9×
10

–2
0

4.
99

4×
10

–1
8

1.
33

2×
10

–1
5

11
,6

75
14

,0
56

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

1.
24

6×
10

–4
9

1.
51

6×
10

–2
1

6.
22

7×
10

–5
1

1.
95

8×
10

–2
1

4.
26

1×
10

–1
6

–
3.

33
0×

10
–1

6

TZ
J3

00
5

4,
92

3
7,

65
8

JX
A

1
N

A
D

C
30

2.
47

2×
10

–4
3

–
2.

81
9×

10
–4

3
1.

24
7×

10
–1

7
8.

18
8×

10
–2

1
3.

53
6×

10
–1

8
1.

77
6×

10
–1

5

11
,7

37
14

,0
39

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

8.
22

1×
10

–5
2

1.
50

2×
10

–3
0

1.
54

6×
10

–5
2

9.
69

7×
10

–2
3

4.
44

1×
10

–2
4

–
3.

33
0×

10
–1

6

TZ
J2

75
6

27
1

1,
96

8
JX

A
1

N
A

D
C

30
6.

32
4×

10
–7

2
1.

72
7×

10
–5

7
1.

25
2×

10
–7

3
7.

69
2×

10
–3

0
3.

19
8×

10
–3

6
–

4.
40

9×
10

–0
8

5,
06

6
7,

69
4

JX
A

1
N

A
D

C
30

1.
49

0×
10

–3
7

1.
08

9×
10

–2
1

5.
96

3×
10

–3
6

2.
85

9×
10

–1
5

4.
77

3×
10

–0
6

–
3.

33
0×

10
–1

6

11
,6

72
14

,2
15

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

3.
99

4×
10

–5
3

8.
19

6×
10

–3
3

5.
18

3×
10

–5
5

6.
49

5×
10

–2
2

1.
91

8×
10

–1
8

–
3.

33
0×

10
–1

6

W
K

62
1

4,
92

3
7,

67
8

JX
A

1
N

A
D

C
30

1.
29

4×
10

–4
5

3.
69

8×
10

–2
7

6.
91

9×
10

–4
5

3.
20

9×
10

–1
8

1.
23

0×
10

–1
2

2.
27

4×
10

–1
8

1.
77

6×
10

–1
5

11
,9

82
14

,0
59

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

1.
22

9×
10

–4
6

2.
82

4×
10

–2
3

1.
68

4×
10

–4
8

4.
45

6×
10

–2
1

2.
42

7×
10

–1
7

–
3.

33
0×

10
–1

6

TZ
J2

45
1

14
1

2,
09

7
JX

A
1

N
A

D
C

30
9.

62
8×

10
–7

8
1.

23
5×

10
–6

7
2.

03
4×

10
–7

7
5.

58
0×

10
–3

4
1.

77
8×

10
–3

6
1.

31
6×

10
–3

4
1.

33
2×

10
–1

5

4,
90

5
7,

66
4

JX
A

1
N

A
D

C
30

1.
48

6×
10

–6
2

2.
96

1×
10

–2
3

2.
41

0×
10

–6
4

2.
59

5×
10

–2
4

2.
79

0×
10

–1
6

2.
94

0×
10

–3
7

6.
21

7×
10

–1
5

11
,7

43
14

,2
85

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

3.
89

0×
10

–2
2

3.
97

5×
10

–1
3

4.
31

4×
10

–2
2

2.
66

2×
10

–0
5

1.
75

9×
10

–0
2

9.
37

5×
10

–3
5

-

TZ
J2

16
5

1
69

8
JX

A
1

N
A

D
C

30
–

3.
71

2×
10

–1
7

4.
37

4×
10

–3
3

3.
04

6×
10

–1
2

7.
65

5×
10

–1
4

1.
55

2×
10

–0
9

1.
77

6×
10

–1
9

4,
87

6
7,

66
6

JX
A

1
N

A
D

C
30

5.
28

4×
10

–8
7

3.
08

3×
10

–4
1

1.
00

8×
10

–8
7

4.
89

3×
10

–3
4

5.
70

3×
10

–1
2

5.
73

1×
10

–3
5

1.
77

6×
10

–1
5

11
,7

08
14

,0
19

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

4.
26

8×
10

–6
1

4.
52

5×
10

–4
7

6.
68

2×
10

–5
9

2.
63

1×
10

–2
3

2.
49

8×
10

–2
4

–
1.

11
0×

10
–1

6

TZ
J3

11
5

66
0

2,
02

0
JX

A
1

N
A

D
C

30
8.

13
7×

10
–1

00
8.

27
8×

10
–1

01
1.

41
0×

10
–9

6
5.

80
5×

10
–3

7
1.

56
4×

10
–0

2
–

–
4,

88
4

7,
66

8
JX

A
1

N
A

D
C

30
2.

96
9×

10
–4

6
1.

00
9×

10
–1

4
4.

23
1×

10
–4

6
2.

84
0×

10
–2

0
7.

34
7×

10
–2

2
–

4.
44

0×
10

–1
6

12
,3

05
14

,0
51

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

4.
40

2×
10

–2
7

1.
51

1×
10

–1
3

4.
45

7×
10

–2
6

5.
51

1×
10

–1
0

9.
34

7×
10

–0
8

9.
70

2×
10

–1
3

1.
33

2×
10

–1
5

TZ
J3

11
6

1,
46

3
2,

00
1

JX
A

1
N

A
D

C
30

3.
68

3×
10

–3
6

8.
22

3×
10

–1
0

7.
25

9×
10

–3
6

1.
40

4×
10

–1
2

3.
97

4×
10

–1
9

–
1.

09
1×

10
–1

1

4,
91

0
7,

67
9

JX
A

1
N

A
D

C
30

6.
38

4×
10

–7
0

6.
69

9×
10

–2
7

1.
34

4×
10

–6
9

2.
02

7×
10

–3
1

6.
86

2×
10

–3
6

–
4.

44
0×

10
–1

6

11
,6

70
14

05
1

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

4.
44

9×
10

–5
4

2.
14

7×
10

–2
7

3.
82

2×
10

–5
4

6.
34

4×
10

–2
2

2.
10

7×
10

–1
7

–
3.

33
0×

10
–1

6

B
J2

0-
06

4,
92

0
76

77
JX

A
1

N
A

D
C

30
1.

01
9×

10
–9

6
1.

43
5×

10
–4

1
2.

83
4×

10
–9

7
6.

61
5×

10
–3

2
6.

92
1×

10
–3

7
2.

04
7×

10
–3

3
1.

77
6×

10
–1

5

11
,6

85
14

21
7

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

1.
64

7×
10

–6
1

5.
40

5×
10

–4
2

1.
20

8×
10

–6
1

1.
00

8×
10

–0
5

1.
12

2×
10

–1
8

–
4.

44
0×

10
–1

6

C
H

-H
N

P
Y

-0
1/

20
22

4,
91

9
76

65
JX

A
1

N
A

D
C

30
4.

05
8×

10
–4

7
2.

68
8×

10
–3

0
5.

47
8×

10
–4

7
2.

35
1×

10
–2

0
6.

86
2×

10
–2

3
–

1.
11

0×
10

–1
6

11
,6

71
14

05
2

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

1.
31

5×
10

–5
2

1.
60

1×
10

–3
2

6.
00

1×
10

–5
4

1.
83

5×
10

–2
1

1.
40

9×
10

–0
3

–
3.

33
0×

10
–1

6

G
D

-F
1

4,
88

7
7,

67
7

JX
A

1
N

A
D

C
30

2.
01

7×
10

–8
2

1.
62

1×
10

–2
7

6.
39

9×
10

–8
4

8.
02

2×
10

–3
4

9.
93

6×
10

–1
4

2.
26

8×
10

–3
4

1.
77

6×
10

–1
5 

11
,7

36
14

,0
55

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

8.
57

9×
10

–5
6

4.
04

5×
10

–3
6

1.
46

5×
10

–5
7

9.
35

2×
10

–2
1

3.
95

4×
10

–2
2

–
4.

44
0×

10
–1

6

G
D

-H
1

4,
92

2
7,

66
8

JX
A

1
N

A
D

C
30

3.
96

9×
10

–4
7

1.
05

0×
10

–2
4

6.
57

2×
10

–4
4

3.
32

0×
10

–2
0

5.
20

8×
10

–1
3

–
1.

11
0×

10
–1

6

11
,6

74
14

,1
14

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

1.
66

2×
10

–4
7

7.
42

2×
10

–2
7

1.
23

3×
10

–4
9

9.
05

8×
10

–0
4

2.
35

3×
10

–0
4

–
3.

33
0×

10
–1

6

G
X

Q
Z2

02
10

40
3

65
1

1,
33

1
JX

A
1

N
A

D
C

30
1.

03
2×

10
–4

9
1.

71
8×

10
–3

8
1.

22
8×

10
–5

0
2.

95
7×

10
–2

1
3.

37
4×

10
–2

2
–

–

(C
on

tin
ue

d 
on

 n
ex

t p
ag

e)



241Hu Xu et al.  Journal of Integrative Agriculture  2026, 25(1): 235–246

S
tra

in
s

B
re

ak
po

in
ts

P
ar

en
ta

l s
eq

ue
nc

e
D

et
ec

tio
n 

m
et

ho
ds

 (P
-v

al
ue

)
B

eg
in

ni
ng

E
nd

in
g

M
in

or
M

aj
or

R
D

P
G

en
ec

on
v

B
oo

tS
ca

n
M

ax
C

hi
C

hi
m

ae
ra

S
iS

ca
n

3S
eq

4,
90

5
7,

66
7

JX
A

1
N

A
D

C
30

2.
21

9×
10

–4
3

2.
82

6×
10

–3
6

1.
81

3×
10

–4
4

6.
04

4×
10

–3
2

2.
70

4×
10

–0
8

–
4.

44
0×

10
–1

6

11
70

4
14

16
2

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

8.
12

1×
10

–6
3

7.
63

4×
10

–5
0

1.
47

3×
10

–5
7

7.
81

6×
10

–2
2

3.
73

7×
10

–2
5

–
1.

11
0×

10
–1

6

JS
20

20
4,

92
1

7,
66

4
JX

A
1

N
A

D
C

30
1.

00
8×

10
–5

1
–

4.
59

9×
10

–5
0

6.
77

7×
10

–2
2

8.
94

5×
10

–1
5

–
1.

11
0×

10
–1

6

11
,6

70
14

,0
51

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

6.
43

0×
10

–5
7

2.
04

8×
10

–3
6

4.
45

3×
10

–5
8

1.
26

4×
10

–0
5

3.
10

7×
10

–0
2

–
3.

33
0×

10
–1

6

P
R

R
S

V
/C

N
/

FJ
G

D
01

/2
02

11
/2

02
1

4,
92

2
7,

66
8

JX
A

1
N

A
D

C
30

5.
35

6×
10

–5
0

1.
13

3×
10

–2
9

1.
34

1×
10

–4
6

4.
83

2×
10

–2
1

2.
68

5×
10

–1
3

–
1.

11
0×

10
–1

6

11
,6

74
14

,0
55

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

1.
14

1×
10

–4
9

5.
08

9×
10

–2
8

1.
13

0×
10

–5
0

3.
99

0×
10

–2
0

7.
77

8×
10

–0
4

–
3.

33
0×

10
–1

6

C
hi

na
/S

C
cd

20
20

/2
02

0
3,

58
3

4,
08

6
JX

A
1

N
A

D
C

30
1.

54
1×

10
–3

2
2.

14
4×

10
–2

4
1.

10
0×

10
–3

2
5.

10
7×

10
–1

3
8.

30
6×

10
–1

4
–

4.
44

0×
10

–1
6

4,
92

3
7,

61
8

JX
A

1
N

A
D

C
30

4.
54

0×
10

–5
4

1.
64

4×
10

–4
0

3.
23

8×
10

–5
4

3.
22

9×
10

–2
0

3.
58

2×
10

–2
3

–
4.

44
0×

10
–1

6

11
,6

75
14

,1
63

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

4.
27

6×
10

–5
7

8.
06

8×
10

–3
8

7.
96

1×
10

–5
8

8.
23

1×
10

–2
4

2.
62

0×
10

–1
7

–
3.

33
0×

10
–1

6

S
D

lz
20

-0
4

4,
92

0
7,

67
7

JX
A

1
N

A
D

C
30

1.
46

0×
10

–9
7

1.
63

3×
10

–4
0

3.
89

9×
10

–9
6

2.
13

3×
10

–2
4

2.
62

0×
10

–3
2

–
4.

44
0×

10
–1

6

11
,6

74
14

,2
17

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

6.
96

6×
10

–6
1

4.
33

0×
10

–4
1

6.
87

3×
10

–6
1

2.
25

1×
10

–2
3

2.
46

6×
10

–1
6

–
4.

44
0×

10
–1

6

Y
C

-2
02

0
4,

92
5

7,
66

8
JX

A
1

N
A

D
C

30
2.

45
6×

10
–9

6
1.

33
5×

10
–3

6
3.

05
2×

10
–9

5
1.

50
7×

10
–3

3
1.

04
9×

10
–2

1
–

4.
44

0×
10

–1
6

11
,7

37
14

,0
56

IA
/2

01
4/

N
A

D
C

34
N

A
D

C
30

2.
28

2×
10

–6
5

1.
50

9×
10

–4
9

3.
21

9×
10

–6
7

2.
97

9×
10

–2
3

1.
01

9×
10

–2
4

–
4.

44
0×

10
–1

6

1)
 –,

 n
ot

 s
ig

ni
fic

an
t.

identity with JXA1 (Table 3).  The homology with the 
NADC30 strains was relatively high, which was consistent 
with the results of the genome-wide phylogenetic analysis.  
The genome-wide homology of L1A variants ranged from 
90.0 to 99.5%, and the large homology differences among 
some strains may have been related to the presence 
of additional recombinant fragments in some strains.  
TZJ2756 shares high nucleotide/amino acid homology in 
the ORF5-ORF7 region with other L1A variants.  Therefore, 
the TZJ2756 strain is an excellent model for evaluating the 
pathogenicity of L1A variants (Table 3).

3.6. Clinical signs of TZJ2756-infected piglets
All the piglets infected with TZJ2756 exhibited significant 
clinical symptoms, including persistent fever, cough, 
anorexia and drowsiness.  All piglets in the challenged 
group had persistent fever (≥40°C) from 3 to 10 dpi (the 
temperature of some piglets exceeded 40.5°C from 4 
to 9 dpi), peaking at 8 dpi at a temperature of 41.3°C, 
and their body temperature then returned to the normal 
range at 11 dpi (Fig. 3-A).  In contrast, the piglets in 
the control group exhibited normal behavior and did 
not show any clinical signs during the entire duration of 
the experiment.  The body weights of the piglets were 
recorded at 0, 7, 14, and 21 dpi, revealing that the 
average daily body weight gain in piglets infected with 
TZJ2756 was significantly lower (P<0.001) than that in 
uninfected piglets during the 8–14-dpi period (Fig. 3-B).  
All the piglets survived to the end of the experiment.

3.7. PRRSV antibody detection
Serum samples were collected from the piglets to 
measure the levels of PRRSV N protein antibodies.  In 
the challenge group inoculated with TZJ2756, 2 out of 5 
piglets showed seroconversion (S/P>0.4) at 7 dpi, and 
all the piglets tested positive at 10 dpi.  Over time, the 
levels of PRRSV antibodies gradually increased before 
14 dpi and decreased slightly at 21 dpi.  In contrast, the 
control group consistently tested negative (S/P<0.4) 
throughout the experiment (Fig. 3-C).

3.8. Macroscopic and histopathological lesions
All the piglets were euthanized and autopsied at 21 dpi.  
In comparison to the piglets in the control group, 2 of 5 
piglets in the challenge group exhibited characteristic 
PRRS lesions, including lung consolidation and lymph 
node hemorrhaging (Fig. 4-A and B).  Histopathological 
examination of the challenge group revealed interstitial 
edema and severe interstitial pneumonia in the lungs 
(Fig. 4-C).  Furthermore, increased numbers of lymphatic 
nodules were observed in the submaxillary lymph nodes 
of the challenge group (Fig.  4-D).  No pathological 
lesions were observed in the aforementioned tissues of 
the pigs in the control group.

3.9. Assessment of viremia and viral loads in tissue
The viral load in serum samples from individual piglets 
was assessed at 3, 5, 7, 10, 14, 17, and 21 dpi.  Ta
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Following infection with TZJ2756, the viral load in the piglets 
increased rapidly during the 0–3-dpi period, peaking at 3 dpi 
(1×106.13 copies mL–1).  Subsequently, the viremia started 
to gradually decrease; although it is noteworthy that all the 

piglets in the challenge group still exhibited viremia at 21 dpi 
(1×103.82 copies mL–1).  No viremia was detected in the control 
group (Fig. 5-A).

The hearts, livers, spleens, lungs, kidneys, stomachs, 

L1A variant
TZJ2756

PRRSV N DAPI Merge

Mock

300 μm 300 μm 300 μm

300 μm 300 μm 300 μm

L1A variant
TZJ2756

PRRSV N DAPI Merge

Mock

A B

300 μm 300 μm 300 μm

300 μm 300 μm 300 μm

Fig. 2  Immunofluorescence assays (IFAs) images showing the reactivity of a monoclonal antibody against the respiratory 
syndrome virus (PRRSV) N protein in TZJ2756-infected primary alveolar macrophages (PAMs) (A) and Marc-145 cells (B).  The 
nuclei were stained with DAPI. 

Table 3  Nucleotide and amino acid sequence similarity between L1A variants and the reference strains1)

Amino acids/
nucleotides IA/2014/NADC34 NADC30 JXA1 TZJ2756 Among L1A variants

Whole genome 85.0–86.4 88.7–90.7 83.4–85.9 90.9–94.7 90.0–99.5
ORF1a 79.8–81.0/75.5–81.8 85.7–88.9/84.7–89.9 81.0–85.9/75.7–85.5 87.6–99.0/86.5–93.0 87.2–99.4/84.8–99.4
ORF1b 86.7–88.1/94.8–96.0 93.0–94.6/96.9–98.0 85.9–87.3/94.9–95.9 90.9–99.0/96.0–98.6 91.0–99.6/96.0–99.9
ORF2a 87.0–96.0/85.6–94.9 84.2–89.2/80.5–87.5 84.8–86.3/81.7–86.8 87.3–99.1/86.8–98.1 86.0–99.5/83.7–99.6
ORF2b 89.6–97.7/94.6–98.6 86.0–90.5/87.8–90.5 85.6–91.4/83.8–90.5 87.8–99.5/91.9–98.6 86.0–99.5/90.5–98.6
ORF3 93.2–95.3/91.0–94.9 83.9–85.9/82.4–85.1 81.7–83.4/78.0–81.2 93.3–99.5/94.5–98.0 93.1–99.2/91.8–98.8
ORF4 94.2–96.1/93.9–97.8 93.1–95.0/92.7–95.5 84.2–86.6/85.5–89.9 93.9–99.3/93.3–99.4 93.7–99.8/92.7–99.4
ORF5 94.0–97.3/90.5–97.0 86.6–88.2/88.1–91.5 84.9–87.1/85.6–89.1 93.9–98.8/92.0–98.5 93.5–99.2/93.0–98.5
ORF5a 92.9–98.1/92.3–98.1 89.1–92.3/88.5–94.2 83.3–87.8/73.1–80.8 93.6–99.4/92.3–98.1 89.7–99.4/88.5–100.0
ORF6 92.8–97.7/93.1–97.1 93.1–95.2/93.1–97.1 86.9–89.0/90.9–94.9 93.3–98.5/94.9–99.4 93.5–99.0/94.3–100.0
ORF7 92.2–95.2/91.9–94.4 94.4–97.0/94.4–96.0 87.9–90.3/88.7–90.3 96–99.5/96.8–100.0 95.4–100.0/96.0–100.0
1) When comparing with TZJ2756 strain, exclude itself.

Fig. 3  Rectal temperatures, average daily body weights, 
and respiratory syndrome virus (PRRSV)-specific 
antibody levels in the experimental piglets.  A, fever was 
defined as a rectal temperature≥40.0°C.  B, body weight 
gain (kg) of the piglets was calculated at 7, 14, and 21 days 
post-inoculation (dpi).  C, pig serum was analyzed for PRRSV-
specific antibodies, and the threshold for seroconversion 
was set to a sample to positive (S/P) ratio of 0.4.  Data 
are mean±SD.  ***, P<0.001, and ns indicates no significant 
difference.  
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small intestines, brains, submaxillary lymph nodes, and 
tonsils of individual piglets were subjected to RT-qPCR 
analysis.  The results of the viral load measurements of the 
tissue samples revealed that the TZJ2756 strain was present 
in all the collected tissues (Fig.  5-B).  Furthermore, the 
highest viral load was detected in the tonsils and submaxillary 
lymph nodes of the TZJ2756-infected piglets (Fig. 5-B).

4. Discussion
In 2017, NADC34-like PRRSV was found for the first time 
in China (Zhang et al. 2018).  These strains produced many 
recombinant viruses in a short time and rapidly spread 
throughout China (Xu et al. 2022c; Zhou et al. 2022; Yuan 
et al. 2023).  By 2021, NADC34-like PRRSV strains, together 
with HP-PRRSV and NADC30-like strains were the three 
major epidemic strains in China, which made the epidemic 
strains of PRRSV in China more complex and diverse (Xu 
et al. 2022a).  In this study, we found that a new class of 
NADC34-like PRRSV strains emerged in China and were 
named the L1A variant.  Moreover, we summarized and 
analyzed the epidemiological characteristics of the L1A 

variant, successfully isolated the L1A variant strain TZJ2756, 
and identified its pathogenicity in piglets.

The high frequency of recombination contributes to 
the production of new variants that often exhibit strong 
environmental adaptability (Park et  al. 2020).  Through 
phylogenetic and recombination analyses, we determined 
that the L1A variant was a recombinant virus with NADC30-
like strains as its main parent and recombinant fragments 
provided by JXA1-like and NADC34-like PRRSV strains.  
The ORF2-ORF6 gene fragments were obtained from 
NADC34-like PRRSV strains.  Therefore, based on the ORF5 
phylogenetic analysis, the L1A variant was classified as L1A 
(NADC34-like), but based on the whole-genome sequence 
analysis, it was classified as L1C (NADC30-like).  All L1A 
variants had three very similar recombination breakpoints 
located in the Nsp2, Nsp9 and ORF2 gene regions (Table 2; 
Appendix A).  Zhang et  al. (2019) and Yu et  al. (2020) 
reported that the recombination hotspots of PRRSV were 
located at the nucleotide sites of Nsp9 and GP2-GP3, which 
was highly consistent with the recombination breakpoint of 
L1A variants.  The recombination of PRRSV in these regions 

Fig. 5  Viral load and distribution in tissues.  The respiratory syndrome virus (PRRSV) viral load in tissues and serum from each group 
was determined by RT-qPCR.  Tissue samples were collected at 21 days post-inoculation (dpi), and serum samples were collected at 0, 3, 7, 
10, 14, 17 and 21 dpi.  Viremia in the serum (A) and the viral distribution in the tissues (B) of the piglets were detected.  Data are mean±SD.

Fig. 4  Pathological examination revealed significant increase in lung lesions (A) and hemorrhage in the submaxillary lymph 
nodes (B) of the piglets in the challenge group euthanized at 21 days post-inoculation (dpi) compared with those in the control 
group (E and F).  The piglets in the challenge group exhibited interstitial edema and severe interstitial pneumonia in the lungs (C), and the 
number of lymphatic nodules was increased in the lymph nodes (D); in contrast, those in the control group did not exhibit any significant 
lesions (G and H).  The images were viewed at an original magnification of 200×.  The pointer indicates the location of the lesion.
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may be linked to an enhanced replication capacity and 
cellular tropism, which likely facilitates its survival and spread, 
ultimately contributing to the pathogenesis of PRRSV (Yu 
et al. 2020).

According to the accumulated data, the pathogenicity 
of the recombinant PPRSV strains was generally between 
that of the parental strains (Yu et al. 2022).  Compared 
with those of the mildly pathogenic NADC34-like PRRSV 
HLJDZD32-1901 (Song et al. 2020) and LNTZJ1341-2012 
(Xu et  al. 2023) strains isolated by our team without 
recombination, the pathogenicity of the L1A variant 
TZJ2756 was significantly greater.  TZJ2756 infection 
caused persistent fever and significantly slowed the weight 
gain.  At autopsy, significant lung consolidation was found, 
histopathological tests revealed interstitial edema and severe 
interstitial pneumonia, but no pigs died, and the pathogenicity 
of TZJ2756 was moderate in piglets.  The TZJ2756 strain 
was distributed throughout all ten organs collected in this 
study, and the tonsils had the highest load.  Several studies 
have also evaluated the pathogenicity of L1A variants, which 
also exhibit moderate to high pathogenicity, and concluded 
that L1A variants can cause long-term high-load viremia 
and severe histopathological changes in piglets (Liu et al. 

2022; Wang et al. 2022; Wu et al. 2022; Zhao et al. 2023; 
Zhou et al. 2023) (Table 4).  When sows are infected with the 
L1A variant, the mortality and abortion rates can reach 50% 
(Wu et al. 2022).  Because pathogenicity tests are usually 
conducted in sterile laboratories, infection with L1A variants 
in the field may have a greater impact on pigs.

To our knowledge, only the L1C variant reported in the 
United States belongs to a class of viruses with the same 
recombination pattern that is widely prevalent in a specific 
region (Fig. 1-D) (Pamornchainavakul et al. 2022; Yim-im 
et al. 2023).  Several studies have shown that no PRRSV 
strain in China is highly homologous to L1C variant strains 
in the United States (Tian et al. 2022; Xu et al. 2022b).  
However, we found that many characteristics of the Chinese 
L1A variant were very similar to those of the American L1C 
variant: (1) They all formed a separate clade; (2) they all 
had a characteristic amino-acid-deletion pattern in the Nsp2 
region; (3) they spread rapidly in a short period; (4) they all 
recombined with local dominant strains and had similar or 
identical recombination patterns; and (5) they all exhibited 
moderate to high pathogenicity (Table 5).  According to 
the GenBank database, the L1A variant first appeared 
in 2020, and within only 3 years, the L1A variant had 

Table 4  Comparison of the pathogenicity of different L1A variant strains
Infecting
PRRSV strain1)

Accession
number

Days post-
inoculation (dpi)

Inoculated 
dose Parameters evaluated Challenge group References

TZJ2756 OQ748875 21 4×105 TCID50 Clinical symptoms, Significant clinical symptoms This study
days of fever (≥40°C), 7 d,

histopathological lesions severe histopathological changes,
viremia peaked at 3 dpi, longer than 21 d

China/
SCcd2020/2020

MW803134 14 2×109.19 TCID50 Clinical symptoms, Severe clinical symptoms,
3/5 pigs died, 

Zhou et al. (2023)

days of fever (≥40°C), more than 14 d, 
histopathological lesions, severe histopathological changes,

viremia peaked at 10 dpi, longer than 14 d 
YC-2020 ON180781 30 4×104 TCID50 Clinical symptoms Mild clinical symptoms, Zhao et al. (2023)

days of fever (≥40°C), no fever,
histopathological lesions, severe histopathological changes,

viremia peaked at 6 dpi, longer than 30 d
GXQZ20210403 OK486523 14 2×104 TCID50 Clinical symptoms, Severe clinical symptoms,

1/5 pigs died,
Wang et al. 

(2022)
days of fever (≥40°C), 4 d,

pathological and 
histopathological lesions,

severe histopathological changes,

viremia peaked at 7 dpi, longer than 14 d
PRRSV/CN/
FJGD01/2021

OL310959 28 4×105 TCID50 Clinical symptoms, Obvious clinical signs, Liu et al. (2022)
days of fever (≥40°C), 14 d,

pathological and 
histopathological lesions,

severe histopathological changes,

viremia peaked at 11 dpi, longer than 28 d
GD-H1 ON691479 14 2×105 TCID50 Clinical symptoms, Obvious clinical signs, Wu et al. (2022)

days of fever (≥40°C), 10 d,
pathological and 

histopathological lesions,
severe histopathological changes,

viremia peaked at 5 dpi, longer than 14 d
GD-F1 ON691480 14 2×105 TCID50 Clinical symptoms, Obvious clinical signs, Wu et al. (2022)

days of fever (≥40°C), 10 d,
pathological and 

histopathological lesions,
severe histopathological changes,

viremia peaked at 5 dpi, longer than 14 d
1) PRRSV, porcine reproductive and respiratory syndrome virus.
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become prevalent in at least 12 regions, strengthening the 
epidemiological surveillance of the strain.

5. Conclusion
In brief, a new clade of NADC34-like and NADC30-like 
PRRSV strains emerged in China and was named the L1A 
variant.  The L1A variant strains are a class of recombinant 
viruses that contain a viral skeleton obtained from NADC30-
like strains and a partial recombination fragment obtained 
from the NADC34-like and JXA1-like strains, which exhibit 
similar viral recombination patterns and have the same 
characteristic 131-aa deletion in the Nsp2 region.  The L1A 
variant TZJ2756 exhibits moderate pathogenicity and could 
cause prolonged high-load viremia in infected piglets.  Our 
findings contribute to the understanding of the evolutionary 
characteristics of Chinese NADC34-like PRRSV strains and 
provide data on L1A variants in China.
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Table 5  Comparison of the characteristics of American L1C 
and Chinese L1A variants

Epidemic characteristics American L1C 
variant
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variant
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aa-deletion of Nsp2 protein Yes

(100-aa deletion)
Yes

(131-aa deletion 
(19+1+111))

Became widespread in a short 
period

Yes Yes

Underwent recombination with 
local strains

Yes Yes

Recombination patterns  Consistent 
recombination
characteristics

 Similar 
recombination
characteristics

ORF5 gene similarity among 
strains

High (≥98%) Higher (≥93%)

Pathogenicity High pathogenicity Moderate to high 
pathogenicity
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