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Porcine Reproductive and Respiratory Syndrome (PRRS) is associated with reproductive 
disorders, respiratory diseases and slower growth rates. PRRSV mutation and 
recombination lead to the emergence and spread of novel strains, which brings 
challenges and complexity to clinical prevention and control. However, the epidemical 
characterization of PRRSV in Fujian is limited. In this study, 262 suspected PRRSV 
samples from 87 pig farms in Fujian Province, from 2023 to 2024 were collected 
to monitor the prevalence of PRRSV. Through RT-PCR detection and sequencing 
of the Nsp2 hypervariable region, ORF5, and ORF7 genes, an analysis of their 
genetic variation was conducted. The results revealed that the overall prevalence 
rate of PRRSV was 16.79% (44/262), PRRSV-1 and PRRSV-2 genotypes were co-
prevalent in Fujian. Phylogenetic analysis of ORF5 gene identified 37 PRRSV strains, 
categorizing 1 as PRRSV-1, 36 as PRRSV-2, including 17 strains of NADC30-like 
subtype (45.95%), 9 strains of lineage 8 (24.32%), 7 strains of lineage 3 (18.92%), 2 
strains of NADC34-like subtype (5.41%), and 1 strain of lineage 5 (2.70%). The main 
way of amino acid change of GP5 is a mutation, and some strains have a deletion. 
These changes are mainly observed in T cell, B cell epitope region, signal peptide 
region, and transmembrane region. The above results indicated that NADC30-like 
was the dominant circulating strain, followed by the HP-PRRSV strain in the farm. 
Moreover, genetic evolution analysis of the Nsp2 gene showed that the pattern of 
amino acid deletion between different lineages no longer seems to be applicable 
as a molecular marker for each lineage, and genetic diversity and recombination 
were commonly observed. Noteworthy, the identification of a novel independent 
subtype from the isolated strains indicates that the ORF7 gene also has genetic 
evolution, which requires us to pay attention to the genetic relationship of ORF7 
between the wild strain and the vaccine strain. This study offers crucial insights 
into the evolutionary dynamics of PRRSV, thus providing a solid foundation for 
further research into PRRSV epidemiology and control strategies.
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1 Introduction

Porcine Reproductive and Respiratory Syndrome (PRRS), an 
immunosuppressive disease induced by Porcine Reproductive and 
Respiratory Syndrome Virus (PRRSV), leads to reproductive disorders 
and respiratory diseases, causing significant economic losses in pig 
farming (1, 2). Since the PRRSV was firstly discovered in the 1980s, 
the disease has been widely spread and rapidly mutated worldwide (3). 
According to the genetic differences in the genome, PRRSV is divided 
into two types: PRRSV-1 typified by the Lelystad Virus strain isolated 
in the Netherlands, and the PRRSV-2 exemplified by the VR2332 
strain isolated in North America (4). Among them, based on the 
ORF5 variations, the PRRSV-1 is classified into three subtypes 
(subtype 1,2,3), while PRRSV-2 is divided into nine lineages and 37 
sublineages (5).

In China, the CH-1a strain was the first strain that had been 
reported in 1996 (6), followed by the isolation of the BJ-4 strain in 
1997 (7). Both strains exhibited the closest genetic relationship to 
North American strains and were categorized as PRRSV-2. Over the 
subsequent decade, PRRSV strains represented by these two became 
prevalent in China. In 2006, an outbreak of PRRS occurred in Chinese 
pig farms, marked by high fever and mortality. The etiological agent 
was identified as the HP-PRRSV strain. Since then, HP-PRRSV has 
become a predominant circulating strain, incurring economic losses 
to the pig industry (8). In 2010, the QYYZ strain was reported in pig 
farms in Guangdong Province, which had been immunized with 
modified live virus (MLV) vaccines. This strain represents a 
recombinant of HP-PRRSV and vaccine strains, has emerged as one 
of the indigenous strains prevalent in South China (9). In 2013, 
NADC30-like strains rose to prominence as the circulating strains 
(10). In 2017, NADC34-like strains were first documented in 
Northeast China (11), analogous to the IA/2014/NADC34 strain from 
the USA, these variants exhibit 100aa deletion in the Nsp2, and have 
shown a rising prevalence in China. Moreover, PRRSV-1 strains have 
been sporadically reported in recent years (12, 13).

The rapid expansion of pig breeding scale and highly intensive 
breeding in China, coupled with the use of multiple vaccines in 
PRRSV-infected pig farms provide opportunities for the genetic 
diversity of porcine reproductive and respiratory syndrome virus 
(PRRSV). Additionally, uneven biosafety and management practices 
further exacerbates this situation. At present, the predominant 
epidemic genotype of PRRSV-2 in China are lineage 1, 3, 5, and 8. The 
multi-lineage recombination occurs, and the recombination of lineage 
1 and 8 is the most commonly observed (14, 15). The mutation and 
recombination of PRRSV led to the occurrence and dissemination of 
novel strains, posing challenges and complexities to the clinical 
prevention and control efforts.

However, the last update on the PRRSV epidemic in Fujian dates 
back to 2018 (16). Given that the epidemic dynamics of PRRSV may 
change over time, this study seeks to refresh prior research and present 
the most recent date on prevalence and genetic evolution. As is widely 
recognized in the field, sequencing is a key method for analyzing the 
genetic diversity of PRRSV. Consequently, samples suspected of 
PRRSV from 2023 to 2024 were collected, detected, and subsequently 
sequenced. Then the genetic variation in ORF5, Nsp2, and ORF7 
genes were subjected to detailed analyzed. This study can help us to 
accurately identify these genetic variations related to viral 
characteristics, so as to provide accurate target information for vaccine 

development, ensure that the vaccine can effectively cope with the 
changing virus strains, and better prevent and control the diseases 
caused by PRRSV.

2 Materials and methods

2.1 Sample collection and processing

Between 2023 and 2024, a total of 87 farms, including family 
farms and large-scale farms across 8 cities in Fujian province, 
volunteered to participate in the study. During this period, 262 
samples suspected of being infected with PRRSV were collected from 
these farms. The samples included 57 serum samples, 47 oral fluid 
samples, 29 testicular fluid samples, and 129 tissue samples. All the 
farms provided their consent for sample collection. Tissue 
homogenates were prepared by mixing organ samples (such as lung, 
spleen, and inguinal lymph node) with DMEM at a 1:10 ratio. The 
mixture underwent freeze–thaw cycles and was then centrifuged at 
3000 rpm for 5 min. After collecting the supernatant, it was 
centrifuged again at 8000 rpm for another 5 min. Serum, oral fluid, 
and testicular fluid samples were used right away for the experiments. 
All the supernatants and serums were kept at −20°C till the RNA 
extraction. Sample source information is presented in 
Supplementary Table S1.

2.2 Virus RNA extraction, amplification and 
sequencing

A volume of 200 μL from each sample was utilized for RNA 
extraction via the kit instructions (BioFlux, Hangzhou, China). cDNA 
was synthesized using EasyScript® One-Step gDNA Removal and 
cDNA Synthesis SuperMix kit (Trans, Beijing, China). Then, the 
ORF7, ORF5, and Nsp2 hypervariable regions were performed using 
the 2 × TransStart® FastPfu PCR SuperMix (−dye) kit (Trans, Beijing, 
China) with primers listed in Table 1. The positive bands were excised 
from the gel and purified with PureLink™ Quick Gel Extraction Kit 
(Thermo Fisher Scientific, Shanghai, China). The purified products 
were then ligated into the pUC57 and transformed into DH5α 
(Tsingke, Shanghai, China). Positive plasmids were identified, and 
sequenced by Sangon Biotech (Shanghai, China).

2.3 Homology, genetic evolution, and 
mutation analysis

In this study, we considered the predominant PRRSV genotypes 
in China and selected three representative strains for each genotype, 
prioritizing the earliest identified ones. Additionally, the vaccine 
strains and their parent strains, such as CH-1a, MLV, and VR2322 
were also considered. In total, 17 PRRSV strains were chosen as 
reference strains and detailed information were listed in 
Supplementary Table S2. All the strains in this study and 17 reference 
strains were performed for homology and phylogenetic analyses. The 
study analyzed the nucleotide and amino acid homology, as well as 
mutations in the ORF5, ORF7, and Nsp2 hypervariable regions of the 
isolated strain compared to reference strains, using MEGA X software 
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(Tempe, AS, USA). Phylogenetic trees were constructed using the 
Neighbor-joining method with 1,000 bootstrap replicates in MEGA X 
and were visualized using Evolview. Additionally, the N-linked 
glycosylation sites in the GP5 protein were predicted via the NetNGlyc 
1.0 Serve [NetNGlyc-1.0—redirect (dtu.dk)] (17).

3 Results

3.1 PRRSV detection and sequencing 
results of clinical samples

The detection results of clinical samples revealed a PRRSV 
positivity rate of 16.79% (44/262). After amplification, sequencing, 
and excluding the identical sequences, 37 different ORF5 gene 
sequences, 38 different Nsp2 gene hypervariable region (HVR) 
sequences, and 37 different ORF7 gene sequences were obtained. 
Unexpectedly, two Nsp2 sequences (FJLY2312(1) and 
FJLY2312(2)) were performed in one positive sample. These gene 
sequences have been submitted to GenBank (PQ465885-PQ465996, 
Supplementary Table S3).

3.2 Homology and phylogenetic analysis of 
ORF5

The ORF5 gene encodes the main viral envelope glycoprotein, 
which has significant genetic diversity and is considered the basis for 
PRRSV lineage division. As showed in Figures 1A,D, 2, among the 37 
isolated strains, 1 strain belonged to PRRSV-1, and shared the 81.0% 
nucleotide and 80.3% amino acid homology with the Lelystad virus 
strain, respectively. The remaining 36 strains belonged to PRRSV-2, 
and 17 strains were closely related to the lineage 1.8 (NADC30-like) 
(Figures 1A,D, 2), which had the highest prevalence at 45.95% (17/37), 
showing 90.6–94.7% nucleotide and 88.2–94.1% amino acid identity 
with the reference NADC30 strain, respectively. 7 lineage 3 strains 
accounted for 18.92% (7/37), with 89.7–92.4% nucleotide and 
90.1–94.1% amino acid identity with the QYYZ strain. FJQZ2404-1 
and FJNP2405 strains were of the lineage 1.5 (NADC34-like), made 
up a prevalence of 5.41% (2/37) of cases and shared 94.4–95.2% 
nucleotide and 91.6% amino acid identity with the other NADC34 

strains. FJLY2312 strain belonged to lineage 5, showing 99.7% 
nucleotide and 98.5% amino acid identity with VR2332. 9 strains were 
closely related to lineage 8, accounted for 24.32% (9/37) of positive 
samples, with 95.1–99.8% and 95.1–99.8% nucleotide sequence 
identity with JXA1 and CH-1a, respectively, and deduced amino acid 
sequence identity of 88.7 ~ 93.1% and 92.6 ~ 99.0%. The geographical 
distribution of different genotypes PRRSV strains within Fujian was 
shown in Figure 1E.

3.3 Amino acid mutation, functional 
domain, and N-glycosylation site analysis 
of GP5

As showed in Figure 3, GP5 proteins of PRRSV-1 and PRRSV-2 
comprised 201 and 200 amino acids, respectively. Compared with 
PRRSV-2, PRRSV-1 strain had one insertion at 24TG25 and one 
deletion occurred at the 199th position. The amino acid sequences of 
36 PRRSV-2 isolated strains were compared with the reference 
strains, among them 7 strains had amino acid deletion, FJSM2305 
strain had one deletion at N32, FJQZ2302, FJZZ2303, FJFZ2305, 
FZFZ2308, FJPT2309, and FJSM2404 strains had one deletion at N35, 
no other deletion or addition occurred in other region. However, the 
amino acid substitutions were frequently observed, mainly occurring 
in T cell and B cell epitopes. Specifically, amino acids mutated in the 
GP5 protein signal peptide region, such as C11 → Y11, W18 → L18, 
C19 → Y19, F23 → L23 or S23, L29 → I29. And amino acid mutations also 
be  observed in the transmembrane region, such as V70  → I70, 
V74 → A74, T97 → A97 or V97, H105 → R105, S111 → R111, C117 → W117, 
I127  → V127, M127, or L127 (Figure  3). The VR2332 strain has been 
considered to be a classical strain of the PRRSV-2 genotype and is the 
parental strain of the MLV vaccine, which had been applied in farms 
of China (3). Compared with VR2332 (Figure 3), the amino acid 
regions of 76–91,107–118 and 173–186 of 36 PRRSV-2 strains in this 
study were relatively conserved.

Additionally, there are unique amino acid mutations between 
different lineages (Supplementary Table S4). Such as, all the 
sublineage 1.5 strains contained two unique amino acid mutations, 
T121 and T128, which are located in the T cell epitopes. In the B cell 
epitope, the sublineage 1.8 strains contained two unique amino 
acid mutations, N/S33 and D168. And the strains belonged to lineage 

TABLE 1 Primers used in this study.

Primer Sequences (5′-3′) Production/bp Aim

ORF7-F GCCCCTGCCCAYCACG
637/660 (42) For PRRSV-1 and PRRSV-2

ORF7-R TCGCCCTAATTGAATAGGTGA

ORF5-1F AAGTTATCTTTGGGAACGTCTC
838 (43) For PRRSV-1

ORF5-1R GACACCTTAAGGGCATATATCA

ORF5-2F GTTTTAGCCTGTCTTTTTGCC
731 (44) For PRRSV-2

ORF5-2R TATATCATCACTGGCGTGTAGG

NSP2-1F CCTAGCGTCTGCTTACAGACTACC
2,189 (43) For PRRSV-1

NSP2-1R AACGCCCCTGGGACACCACATA

NSP2-2F GGACACCTCCTTTGATTGGGATG
676 (30) For PRRSV-2

NSP2-2R TGAGTATTTTGGGCGCGTGATCT

https://doi.org/10.3389/fvets.2025.1634353
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Kang et al. 10.3389/fvets.2025.1634353

Frontiers in Veterinary Science 04 frontiersin.org

FIGURE 1

Phylogenetic tree of all PRRSV strains in this study and their geographical distribution. (A) ORF5 gene nucleotides; (B) Nsp2 gene nucleotides; (C) ORF7 
gene nucleotides; (D) Percentage ratio of each lineage; (E) The geographical distribution of different genotypes PRRSV strains within Fujian.

https://doi.org/10.3389/fvets.2025.1634353
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Kang et al. 10.3389/fvets.2025.1634353

Frontiers in Veterinary Science 05 frontiersin.org

FIGURE 2

Homology analysis of ORF5 gene.

FIGURE 3

The results of multiple alignment of the GP5 amino acid sequences. B-cell epitopes, T-cell epitopes, and regions of changes in NGSs are indicated by 
red, black, and dashed boxes, respectively, and the signal peptide and the three transmembrane regions are indicated in gray.
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3 had four amino acid mutations in T cell and B cell epitope, which 
are 38YS39, F117, and I152. Lineage 5 had three amino acid mutations 
in T cell epitope and B cell epitope, which are E3, D34, and T127. 
Lineage 8 had one amino acid mutation (R14 or I/F39) in B cell 
epitopes. Moreover, within the signal peptide region, sublineage 1.5 
is characterized by the specific amino acid site V26. For lineage 3, 
two consecutive sites, 25S and 26I are uniquely associated. In 
lineage 5, the site S16 serves as a lineage-specific marker (Figure 3 
and Supplementary Table S4). In the transmembrane region, 
lineage 3 features the distinct site C68. Lineage 5 contains two key 
site motifs: A92 and 101FV102. Lineage 5-specific residues include N58, 
A137, R164, and V185. Notably, I189 is shared as a lineage-defining 
marker between lineage 5 and lineage 8 (Figure  3 and 
Supplementary Table S4).

The 13th and 151th amino acids in GP5 protein correlate with 
viral virulence, and R13, R151 are the characteristics of virulent 
strains (18). Among the 37 strains (Figure 3), at the 13th position, 
10 strains had R13 residue, one strain was mutated with H13, one 
strain was mutated with S13 and 6 strains were mutated with P13, and 
the remaining strains were mutated with Q13. And at the 151th 
position, 12 strains were mutated with R151, 8 strains were mutated 
with I151, and the remaining strains were mutated by K151. In 
addition, the seven strains (FJNP2404, FJZZ2404, FJFZ2403-4, 
FJZZ2310, FJNP2309, FJQZ2308, and FJNP2308) shared R13 and 
R151 residues (Figure 3), which were consistent with the results of 
the ORF5 gene phylogenetic tree and belonged to the lineage 8 
(Figure 1A).

N30, N32/33/34, N35, N44, and N51 were GP5 protein N-glycosylation 
sites, which are closely related to virus infectivity and immune evasion 
(19). All isolate strains were predicted to have 3–5 NGS, which were 
conserved at N44 and N51, while the NGS in front of N44 were relatively 
variable (Table 2). In all strains except FJZZ2312, N-glycosylation sites 
at N44L45T46 and N51G52T53 were highly conserved, without mutation 
or deletion. Specifically, FJZZ2312 had a mutation of L45  → M45 
(Figure 3). The QYYZ-like strain FJSM2305 lacked a NGS at N32, and 
six NADC30-like strains (FJQZ2302, FJZZ2303, FJFZ2305, FZFZ2308, 
FJPT2309, and FJSM2404) lacked a NGS at N35, and no other deletion 
in remain isolates (Table 2).

3.4 Nucleotide homology, amino acid 
mutation and phylogenetic tree analysis of 
Nsp2 gene

The results of nucleotide alignment and homology (Figures 1B, 
4) showed that 32 isolated strains belonged to the NADC30-like 
subtype, and share 85.5 ~ 92.5% homology with the NADC30 
reference strain. 2 strains belonged to the lineage 5, and the 
homology with the VR2332 strain was 96.0 ~ 99.6%. 3 strains 
belonged to the lineage 8, and the homology with CH-1a and JXA1 
strains was 99.0 ~ 99.1% and 97.7 ~ 97.9%, respectively. 1 strain 
belonged to the PRRSV-1 type, and the homology with Lelystad 
strains was 87.7%.

Moreover, we also analyzed the 37 PRRSV strains’ amino acid 
sequences. Practically, 38 Nsp2 gene sequences were multiple 
alignment because FJLY2312 contained two Nsp2 sequences. The 
results (Figure  5) showed that compared with the VR2322, the 

amino acids of FJSM2402 and FJLY2312 (2) strains were the most 
similar, but the FJSM2402 strain had a unique GVL deletion at the 
595-597th position. The 32 PRRSV strains represented by FJLY2302 
had a discontinuous deletion of 131aa (111 + 1 + 19aa) in 322aa-
432aa, 485aa and 504aa-522aa, which was consistent with the 
characteristic deletion of NADC30-like subtype. However, 5 out of 
32 strains (FJQZ2302, FJZZ2303, FJFZ2305, FJLY2305, and 
FJFZ2403-1) had an additional 24aa (located at 471aa-484aa and 
486aa-495aa) deletion. 1 out of 32 strains (FJQZ2404-1) showed an 
additional 11aa (located at 496aa-503aa and 523aa-525aa) deletion. 
Apart from this, 3 strains represented by FJZZ2310 had 30 
discontinuous deletions (1 + 29aa), which was consistent with the 
deletion of HP-PRRSV type. In addition, FJLY2305 isolated strain 
belongs to PRRSV-1, and there are more deletions in the Nsp2 than 
in PRRSV-2.

3.5 Nucleotide homology, amino acid 
mutation and phylogenetic tree analysis of 
ORF7 gene

The nucleotide alignment results (Figures 1C, 6) showed that 8 
PRRSV strains belonged to lineage 8, HP-PRRSV-like subtype, and 
shared 92.9 ~ 100% diversity with reference strains. Notably, 2 
strains exhibited a close genetic relationship with Lineage 5 
(VR2332-like), displaying a homology of 99.2 ~ 100% compared to 
the reference strains. Additionally, 8 strains were classified as 
QYYZ-like of Lineage 3, with a homology range of 89.6 ~ 91.7% 
relative to the reference strains. Furthermore, a significant 
proportion of the strains, totaling 16, were identified as NADC30-
like of Lineage 1.8, and these strains showed a considerable 
homology of 92.9 ~ 96.7% with the representative strains. However, 
2 PRRSV strains (FJQZ2404-2 and FJNP2306) showed low 
similarity with the all-representative strains and formed a novel 
sublineage (Figure 1C). Their homology with the reference strains 
of NADC34, NADC30, QYYZ, VR2332, CH-1a, and JXA1 were 
91.2 ~ 92.4%, 92.4 ~ 92.7%, 89.4 ~ 90.2, 91.9, 92.9, and 91.9%, 
respectively. In the phylogenetic tree based on ORF5, these 2 strains 
(FJQZ2404-2 and FJNP2306) were located in lineage 8, while they 
were belonged to NADC30-like sublineage based on Nsp2 
phylogenetic tree. This indicates that there is genetic diversity 
among the different genes of these 2 strains.

In the analysis of amino acid changes, the FJLY2405 strain 
(belonged to PRRSV-1) exhibited relatively low homology of 
55.8% ~ 58.8% with PRRSV-2 strains (Figure 6). The comparison of 
deduced amino acid sequences revealed numerous insertions, 
deletions, and substitutions. Besides, variations also existed among 
different lineages of PRRSV-2. As shown in Figure 7, lineage 1 strains 
showed a preference for R7, N10, N47, R48, and T120. Lineage 3 strains 
favored H80 and T124. Lineage 5 strains favored R11 and Q80. Lineage 8 
strains favored R46 and Q80. In addition, several mutations were 
observed in some isolated strains, such as 20N → 20D in FJFZ2308 and 
FJFZ2403-3, 28K → 28E in FJNP2309, 35Q → 35R in FJFZ2403-1, 
37R → 37K in FJND2305 and FJFZ2403-3, 40G → 40B and 42G and 42R 
in FJLY2305, 89T → 89S in FJFZ2403-3, 94D → 94E in FJNP2306, 
108T → 108I in FJZZ2310,and 118T → 118S. These mutations may 
represent potential mutation sites in the N protein.
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TABLE 2 Potential N-glycosylation sites (NGS) on GP5 protein.

Isolates Lineage N-glycosylation sites NGSs 
number

N30 N32 N33 N34 N35 N44 N51

NADC34 1.5 √ √ √ √ 4

FJQZ2404-1 1.5 √ √ √ 3

FJNP2405 1.5 √ √ √ √ 4

NADC30 1.8 √ √ √ 3

FJLY2302 1.8 √ √ - √ √ 4

FJQZ2302 1.8 √ √ √ 3

FJZZ2303 1.8 √ - √ √ 3

FJNP2304 1.8 √ √ √ √ 4

FJND2305 1.8 √ √ √ √ 4

FJFZ2305 1.8 √ - √ √ 3

FJLY2305 1.8 √ √ √ 4

FJFZ2308 1.8 √ √ - √ √ 4

FJPT2309 1.8 √ √ √ 3

FJPT2311 1.8 √ - √ √ 3

FJZZ2312 1.8 √ √ √ √ 4

FJSM2402 1.8 √ √ √ 3

FJFZ2403-1 1.8 √ √ √ √ 4

FJFZ2403-2 1.8 √ √ √ √ 4

FJFZ2403-3 1.8 √ √ √ √ 4

FJSM2403 1.8 √ √ √ 3

FJSM2404 1.8 √ √ - √ √ 4

QYYZ 3 √ √ √ 3

FJSM2305 3 - √ √ √ 3

FJLY2306 3 √ √ √ √ √ 5

FJND2307 3 √ √ √ √ 4

FJZZ2307 3 √ √ √ √ 4

FJND2310 3 √ √ √ √ 4

FJND2311 3 √ √ √ √ 4

FJND2406 3 √ √ √ 3

VR2332 5 √ √ √ √ 4

FJLY2312 5 √ √ √ √ 4

TJ 8 √ √ √ √ √ 5

JXA1 8 √ √ √ √ √ 5

CH-1a 8 √ √ √ 3

FJNP2306 8 √ √ √ √ 4

FJNP2308 8 √ √ √ √ √ 5

FJQZ2308 8 √ √ √ √ √ 5

FJNP2309 8 √ √ √ √ √ 5

FJZZ2310 8 √ √ √ √ √ 5

FJFZ2403-4 8 √ √ √ 3

FJZZ2404 8 √ √ √ √ √ 5

FJNP2404 8 √ √ √ √ √ 5

FJQZ2404-2 8 √ √ √ √ √ 5

Lelystad virus PRRSV-1 √ √ 2

FJLY2405 PRRSV-1 √ √ √ 3
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4 Discussion

The ongoing recombination of PRRSV has significantly boosted its 
genetic diversity in China, thereby complicating and challenging the 
disease’s prevention and control (20). As reported by Li et al. (21), from 
2021 to 2022, the overall positive rate of PRRSV in China was 23.7%. 
Notably, the northwest region had an exceptionally high infection rate 
of 84.6%, whereas the southwest region recorded a 48.2% infection rate. 
Mei et al. (22) indicated that between 2022 and 2023, the prevalence of 
PRRSV in Jiangsu, Anhui, and Zhejiang was 13.7, 11.9, and 12.0%, 
respectively, with NADC34-like and HP-PRRSV being the predominant 
lineages. Na et al. (23) highlighted that from 2021 to 2023, the positive 
rates in Hebei, Shanxi, and Liaoning were 13.20, 21.08, and 21.88%, 
respectively. The dominant strain was NADC30-like, followed by 
NADC34-like and HP-PRRSV, reflecting regional variations in infection 
rates. In our study, analysis of 262 samples collected across Fujian 
province revealed a PRRSV positive rate of 16.79%. Phylogenetic 
analysis based on ORF5 sequences demonstrated the PRRSV-1 and 
PRRSV-2 were circulating in Fujian province. Furthermore, within the 
PRRSV-2 group, virus belonged to the NADC30-like subtype was 
predominant circulating strain. In recent years, NADC34-like strains 
have been isolated and identified, and are reportedly becoming 
predominant circulating strain (11, 24). However, in this study, 

NADC30-like strains were still the main ones detected in positive 
samples. This might be due to the limited number of collected samples. 
Additionally, the implementation of biosecurity measures for African 
swine fever prevention and control may have decreased the introduction 
of exogenous PRRSV. Moreover, some pig farms in Fujian did not use 
PRRSV vaccines, which may reduce PRRSV recombination. Therefore, 
further research is needed to monitor NADC34-like strains in the future.

The GP5 protein of PRRSV exhibits significant genetic variability, 
being one of the most variable regions among the virus’s structural 
proteins. It contains a site that determines viral virulence and is crucial 
for inducing immune responses (25). In this study, the amino acid 
changes in GP5 were primarily mutations, with some strains showing 
deletions. These mutations were mainly displayed in T cell and B cell 
epitopes, also occurred in transmembrane and signal peptide regions, 
aligning with previous reports (20, 26). Compared to classical vaccine 
strains like VR2332 or CH-1a, the NADC30-like strain isolated in this 
study displayed unique amino acid variations at positions T121 and T128, 
while the NADC34-like isolates had unique variations of N/S33 and D168, 
located on T cell and B cell epitopes, respectively. These variations might 
enable the virus to escape neutralizing antibody recognition and could 
be a key factor in vaccine immunization failure (27). The 13th and 151th 
amino acids of the GP5 protein are associated with virulence, previous 
studies have documented that in most NADC34-like and NADC30-like 

FIGURE 4

Homology analysis of Nsp2 gene.
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strains, the 13th amino acid mutated from R to Q, and the 151th from 
R to K (26). In this study, besides the Q mutation at position 13, PRRSV 
isolates also exhibited other mutations with P, H, and S. At position 151, 
in addition to K, mutations to I were observed. These findings highlight 
the diversity of GP5 mutations in NADC30-like and NADC34-like 
strains. Such mutations may drive strain development toward lower 
virulence (18), potentially explaining the previously reported the 
pathogenicity of NADC30-like and NADC34-like strains was 
inconsistent within lineages and between lineages (28, 29). In the future, 
it is necessary to further study the relationship between different amino 
acid mutations and the virulence of strains. Changes in the 
N-glycosylation site of PRRSV are associated with viral replication, 
immune escape, and induction of immune responses (30). Deleting N35 
can hinder PRRSV replication in vivo but also prompt faster production 
of neutralizing antibodies (31, 32). In this study, six NADC30-like 
strains lacked the N-glycosylation site at N35. This deletion might lead 
to asymptomatic infections in pigs and could underpin the widespread 
prevalence of NADC30-like strains on pig farms.

Nsp2 is the region with the highly genetic variation in Nsp genes, 
which is related to the genetic evolution of virus (33). Previously, the 
Nsp2 of NADC34-like strain was reported to have a continuous 100 
amino acid deletion (34). In this study, we found that FJQZ2404-1 and 
FJNP2405 strains that belong to the NADC34-like based on the ORF5 
phylogenetic tree, did not have typical deletion pattern in Nsp2 gene. 
In addition, Nsp2 gene was no continuous 30aa deletion feature of 
HP-PRRSV in six strains (FJNP2309, FJNP2404, FJZZ2404, 
FJFZ2403-4, FJNP2306, and FJQZ2404-2), which belonged to 
HP-PRRSV in lineage8 based on the ORF5 phylogenetic tree. These 
findings further reinforce the conclusion that the 30aa deletion in the 
Nsp2 coding region can no longer be regarded as a definitive molecular 
marker for HP-PRRSV in China (35). Similarly, the seven strains in 
PRRSV-2 lineage3 based on the ORF5 phylogenetic tree did not have 
36 aa insertions but had 111 + 19 + 1 amino acid deletion, which was 
the same as the typical NADC30 deletion pattern. Unexpectedly, 
we amplified two NSP2 sequences in the FJLY2312 strain, which were 
consistent with the deletion patterns of NADC30 and VR2322, 

FIGURE 5

The multiple alignment analysis of highly variable region of Nsp2. Navy blue boxes indicate consecutive 100 aa deletions in NADC34-like strains, yellow 
boxes indicate discontinuous 131 aa deletions in NADC30-like strains, blue boxes indicate discontinuous 30 deletions in HP-PRRSV strains, orange 
boxes indicate deletions in PRRSV-1 compared to VR2332, and red boxes indicate additional occurrences of deletions.
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respectively. This result further indicates that the live vaccine strain is 
recombined with the wild strain in the pig farm. The above results 
indicate that the genetic diversity among different genes of PRRSV, and 
the existence of wild virus and vaccine recombination, the coexistence 
of multiple strains in a pig farm, poses difficulties for the prevention 
and control of PRRSV.

ORF7 is regarded as a target gene for PCR detection and a target 
protein for ELISA kits because of its conservative gene sequence and its 
immunogenic epitopes (36). However, N protein is also used to monitor 
the genetic variation and genetic evolution of PRRSV (37). Hao et al. 
reported that ORF7 can be divided into five subtypes, and HP-PRRSV 
strains are distantly related to MLV or CH-1a vaccine strains, which 
may affect the immune effect of vaccines (38). In this study, in addition 
to belonging to HP-PRRSV, VR2322, QYYZ, NADC30, and NADC34 
strains, there are two strains (FJQZ2404-2, FJNP2306) that form an 
independent branch and display 91.9%, or 92.9% amino acid homology 
with MLV or CH-1a vaccine strains, means that PRRSV in the epidemic 
process of N protein also exist genetic variation. Further, based on 
ORF5 phylogenetic analyses, these two strains were classified into the 
HP-PRRSV subgroup, while the phylogenetic tree of Nsp2 gene showed 
that they belonged to the NADC30-like subgroup, indicating that there 
was genetic diversity between different ORFs. A potential account for 
the clumped patterns observed across various ORF phylogenetic trees 
is genetic recombination (39). In the study by Tian et  al. (40), the 

phylogenetic analysis of Nsp2 classified PRRSV BX/CH/22 exhibits 
similarity to the JXA1-type PRRSV, and ORF5 analysis classified it as 
NADC 30-like PPRSV, then recombination analysis revealed that BX/
CH/22 contains an NADC 34-like PRRSV backbone, an Nsp-coding 
region from NADC 30-like PRRSV. Jeong et al. (41) reported that the 
phylogenetic and recombination analyses are consistent, as the major 
parental regions of GNU-2353 Nsp2 cluster with NADC34, while the 
minor parental regions of both GNU-2353 and GNU-2377 strains 
correlate closely with those of RespPRRS MLV. So, when the PRRSV 
genome cannot be  obtained, the PRRSV recombination may 
be predicted by sequencing ORF5, ORF7, and Nsp2, especially in large-
scale investigations.

Therefore, predicting the pathogenicity of PRRSV and selecting 
vaccines based only on the sequencing data of the ORF5 and Nsp2 genes 
is limited. We should also detect the genetic evolution of the ORF7 gene. 
In addition, we  need to consider the diversity of PRRSV strains, 
vaccination, and health management strategies to guide the clinical 
prevention and control of PRRSV. However, a potential limitation is that 
the representativeness of the sample might be  constrained. This is 
because voluntary participating pig farms could share certain common 
characteristics. Moreover, there may be  differences between these 
voluntary participating farms and those that do not participate 
voluntarily in terms of PRRSV infection and other factors. Such 
differences might impact the broad applicability of the research findings. 

FIGURE 6

The multiple alignment analysis of ORF7.
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Further research with larger sample sizes is needed to gain a more 
comprehensive understanding of the genetic diversity of PRRSV.

5 Conclusion

The NADC30-like was the dominant circulating strain of PRRSV 
in Fujian province, followed by HP-PRRSV strain. The ORF5, Nsp2, 
and ORF7 genes exhibit genetic diversity and have distinct topological 
evolutionary relationships. These findings shed new light on the 
prevalence of PRRSV in Fujian. Considering the genetic diversity of 
PRRSV and the efficacy of vaccines, it is essential to continuously 
monitor PRRSV and enhance disease prevention, control, and risk 
warning measures accordingly.
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