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Since 2013, the porcine reproductive and respiratory syndrome virus type 2 
(PRRSV-2), lineage 1.8 (NADC30-like PRRSV) has emerged and become widely 
prevalent in China. The NADC30-like PRRSV poses significant challenges for 
disease control, primarily because of its propensity for frequent mutations and 
recombinations. We  successfully isolated and identified a NADC30-like strain, 
designated SCCD22, in Chengdu, Sichuan Province, China. We  meticulously 
examined the genetic recombination properties and evaluated its pathogenicity 
in 28-day-old piglets. SCCD22 showed 93.02% nucleotide homology with the 
NADC30 PRRSV strain, and its non-structural protein 2 coding region showed 
the same 131 amino acid deletion pattern as that seen in NADC30. Furthermore, 
we identified two recombination events in SCCD22: one in the NSP2 region (1,028–
3,290 nt), where it was highly similar to the JXA1-like strain GZ106; and another 
in the NSP10 ~ 12 region (9,985–12,279 nt), closely resembling the NADC30-like 
strain CY2-1604. Piglets infected with SCCD22 exhibited clinical symptoms such 
as elevated body temperature, prolonged fever, reduced appetite, and roughened 
fur. Postmortem examinations underscored the typical lung pathology associated 
with PRRSV, indicating that the lungs were the primary affected organs. 
Furthermore, extended viral shedding accompanied by progressive viremia was 
observed in the serum and nasal excretions of infected piglets. In summary, this 
study reports a domestic PRRSV recombination strain in the Sichuan Province that 
can provide critical insights into preventing and controlling PRRSV in this region.
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1 Introduction

Porcine reproductive and respiratory syndrome (PRRS) is a highly contagious disease 
caused by the porcine reproductive and respiratory syndrome virus (PRRSV). It differs from 
clinical manifestations caused by other pathogens such as African swine fever virus, classical 
swine fever virus, porcine parvo virus, and porcine circovirus type 2, and it leads to severe 
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reproductive disorders, delayed growth, respiratory symptoms, and 
high mortality rates in pigs (Kappes and Faaberg, 2015).

PRRSV is a single-stranded positive-sense RNA virus that belongs 
to the Arteriviridae family. The genome size of PRRSV ranges from 15 
to 15.5 Kb, encoding approximately 10 open reading frames (ORFs), 
which include ORF1a, ORF1b, ORF2a, ORF2b, ORF3, ORF4, ORF5a, 
ORF5, ORF6, and ORF7. ORF1a and ORF1b together account for 
approximately 75% of the genome and encode at least 16 
non-structural proteins (NSPs), such as NSP1a, NSPSP1β, NSP2, 
NSP2TF, NSP2N, NSP3-NSP6, NSP7α, NSP7β, and NSP8-NSP12 
(Jiang et al., 2023). ORF2a, ORF2b, ORF3, ORF4, ORF5, ORF6, and 
ORF7 encode seven structural proteins: glycoprotein GP2a, small 
envelope protein E, glycoproteins GP3, GP4, and GP5, membrane 
protein (M protein), and nucleocapsid protein (N protein) (Meng 
et al., 1995; Kappes and Faaberg, 2015; Lunney et al., 2016).

Based on differences in genomic sequences and antigenic 
characteristics, the prevalence of PRRSV can be divided into PRRSV-1 
(represented by the European type with the lelystadvirus strain) and 
PRRSV-2 (represented by the North American type with the VR-2332 
strain) (Adams et al., 2016). Shi constructed a global classification 
system for PRRSV based on a comprehensive analysis of the complete 
ORF5 gene sequence (Shi et al., 2010b). According to this classification 
system, PRRSV-1 can be divided into three subtypes (sublineages 
1–3). Although numerous reports have been published on the 
prevalence of PRRSV-1 in China in recent years, its clinical detection 
rate remains relatively low. As early as 1997, Chinese customs 
intercepted pigs infected with PRRSV-1 (B13, GenBank: AY633973) 
(Yun et al., 1998), indicating that the introduction of PRRSV-1 may 
have occurred more than 20 years ago.

PRRSV-2 is divided into nine lineages, each with several 
sub-lineages (Shi et al., 2010a,b). The virulence and antigenicity of 
each lineage vary owing to genetic diversity. Five lineages of PRRSV-2 
have been reported in China, namely lineages 1 (sublineages 1.5 and 
1.8), 3, 5 (sublineage 5.1), 8 (sublineage 8.7), and 9 (Chen et al., 2019; 
Han et al., 2020). Lineage 1 of PRRSV includes representative strains 
such as NADC30, JL580, NADC34, and RFLP1-4-4; lineage 3 is 
mainly prevalent in southern China, with relatively low pathogenicity, 
including representative strains QYYZ and GM; lineage 5 mainly 
contains the classic PRRSV strain represented by VR-2332; lineage 8 
contains highly pathogenic strains represented by TJ, JXA1, TA-12, 
and the classic strain represented by CH-1a; lineage 9 was discovered 
in Xinjiang in 2011.

Sublineage 1.8 (NADC30-like) of PRRSV-2 has been reported in 
China since 2013 (Zhou F. et al., 2015). Similar to the American 
NADC30 isolates MN184A and NADC30, the Chinese NADC30-like 
virus strains exhibit the same NSP2 deletion pattern, including a 
discontinuous deletion of 131 amino acids (Feng et al., 2014; Zhao 
et al., 2015; Zhou L. et al., 2015; Li et al., 2016). Recently, multiple 
novel recombinant PRRSV strains from NADC30-like outbreaks in 
China have recently been reported to exhibit different pathogenicities 
(Zhao et al., 2015; Liu et al., 2017; Chen et al., 2018). Compared with 
other PRRSV lineages in China, the NADC30-like strain has a higher 
potential for recombination and pathogenic diversity. Numerous 
recent studies (Zhao et al., 2015; Zhang et al., 2016; Liu et al., 2018; Sui 
et al., 2018; Han et al., 2019; Zhang et al., 2019; Li et al., 2021; Liu et al., 
2022; Ma et  al., 2022; Wu et  al., 2022; Chang et  al., 2023) have 
indicated that the virulence of NADC30-like PRRSV strains is related 
to the recombination regions and segments derived from the parental 

strains. Currently, all NADC30-like PRRSV strains induce typical 
clinical symptoms and pathological changes in piglets following 
infection, with their pathogenicity tending toward intermediacy 
between the parental strains (Yu et al., 2021).

This study aims to elucidate the genetic and pathogenic features 
of PRRSV in Sichuan Province, through the isolation, recombination 
analysis and pathogenicity experiment of a NADC30-like PRRSV 
strain. In this study, the Pams-163 (PRRSV receptor CD163 was 
expressed and transfected into primary alveolar macrophage passage 
cell line 3D4/21 (CRL-2843). The Pams-163 was maintained and 
provided by the Animal Quarantine Laboratory of Sichuan 
Agricultural University) was used to isolate and identify prevalent 
PRRSV strains from suspected PRRSV-infected samples, resulting 
in the isolation of an NADC30-like PRRSV strain. The isolated strain 
underwent whole-genome sequencing, genetic evolution analysis, 
and pathogenicity testing in piglets to clarify the genetic evolutionary 
relationship and recombination events of the isolated strain and to 
assess its pathogenicity in 28-day-old piglets. The results of this 
study lay the foundational scientific groundwork for future 
prevention and control strategies against PRRSV in Sichuan 
Province. Firstly, our comprehensive genome-wide analysis of the 
isolated strains holds promise for identifying novel genetic markers. 
These markers could be instrumental in developing specific vaccines 
and diagnostic assays, meticulously tailored to combat potential 
NADC30 PRRSV outbreaks. Secondly, a deeper understanding of 
the unique mutation and recombination patterns of this virus could 
inform the creation of more targeted antiviral therapeutics. 
Furthermore, the pathogenicity assessment conducted in this study 
offers valuable insights into the virulence of this newly identified 
PRRSV variant, which is crucial for formulating effective disease 
management strategies.

2 Materials and methods

2.1 Sample collection and processing

In 2022, samples suspected of PRRSV infection, including serum, 
lung tissue, saliva swabs, semen, were collected from a pig farm in 
Chengdu, Sichuan Province, China. After subjecting the samples to 
three freeze–thaw cycles, where each cycle involved freezing at −80°C 
for 15 min followed by thawing at room temperature (26°C), 2 mL of 
PBS was added to the samples. They were then centrifuged at 
12,000 rpm for 5 min at 4°C. Following centrifugation, the samples 
were stored in an ultra-low temperature freezer at −80°C for 
subsequent pathogen detection and virus isolation.

2.2 RNA extraction and reverse 
transcription

Total RNA was extracted from the samples using the AG RNAex 
Pro RNA extraction reagent (Accurate Biology Co., Ltd., Hunan, 
China), following the manufacturer’s instructions. Subsequently, 
cDNA was synthesized using the Evo M-MLV RT Kit (Accurate 
Biology Co., Ltd., Hunan, China) according to the manufacturer’s 
protocol. The reverse transcription reaction system and conditions are 
listed in Supplementary Table S1.
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2.3 Primer design and PRRSV detection

The cDNA obtained from 2.2 was detected using RT-qPCR to 
confirm PRRSV positive. All primers used are listed in Table 1. All 
primers were synthesized by TsingkeBiotechnology Co., Ltd. 
(Chengdu, China).

2.4 Isolation and identification of PRRSV

To increase the volume of viral fluid for the isolation of PRRSV, 
we meticulously selected approximately 5 g of lung tissue that was 
confirmed to be  PRRSV-positive using RT-qPCR. This tissue was 
finely minced using scissors and ground in a mortar. After adding PBS 
and undergoing three freeze–thaw cycles, the supernatant was 
collected and sterilized using a 0.22 μm filter, then stored at −80°C for 
later use. A 500 μL aliquot of the treated supernatant was added to a 
monolayer of Pams-163 (constructed, maintained and provided by the 
Animal Quarantine Laboratory of Sichuan Agricultural University) 
with a confluence of approximately 90%. After a one-hour incubation 
period, the supernatant was meticulously removed. The cells were 
subsequently incubated for 48 h in a 5% CO2 incubator at 
37°C. Following this incubation, PRRSV was detected using a 
fluorescein isothiocyanate-labeled polyclonal antibody specifically 
targeting the PRRSV N protein (Bioss, Beijing, China).

In the subsequent phase, the purified viral fluid was subjected to 
a 10-fold serial dilution and inoculated onto a 96-well cell culture 
plate. Following a 5-day incubation at 37°C in a CO2-controlled 
environment, the cytopathic effect (CPE) induced by PRRSV was 
meticulously evaluated using an inverted microscope (Olympus 
Corporation, Tokyo, Japan). The CPE was characterized by notable 
changes in Pams-163 cells, including cell shrinkage, detachment, and 
the blurring of cellular boundaries. The 50% tissue culture infectious 
dose (TCID50) of PRRSV was calculated using the Reed-Muench 
formula based on the number of wells with CPE.

Purified viral isolates were used to sequence their entire genomes. 
To investigate the effect of multiplicity of infection (MOI) on the 
growth of PRRSV in Pams-163, we infected cells with MOI = 0.01 in 
triplicate. We incubated them for 1.5 h at 37°C. RPMI 1640 medium 
containing 2% serum was added for maintenance, and virus fluid was 

collected every 24 h and frozen at −80°C. After 144 h, the CPE induced 
by PRRSV was assessed. Subsequently, the TCID50 of PRRSV was 
determined using the Reed-Muench formula. A viral growth curve 
was constructed based on the titration results. The PRRSV strain 
isolated from Sichuan Province was designated as SCCD22.

2.5 Whole-genome sequencing and 
genetic evolution analysis of SCCD22

PRRSV RNA was extracted, and cDNA was prepared according 
to the above procedures. Subsequently, RT-qPCR was conducted to 
verify that the tested sample contained an adequate number of viral 
copies, thus ensuring its suitability for further analysis (the qPCR cycle 
threshold value was <25). Once confirmed, the sample was sent to 
Beijing Tsingke Biotech Company (Beijing, China) for whole-genome 
sequencing. Illumina sequencing technology was used with a coverage 
of 5,000, and the assembly method used was FastPlast v1.2.6. The 
complete genome sequence of SCCD22 was annotated and visualized 
using CGView.1 Phylogenetic tree was constructed using the distance-
based neighbor-joining method with 1,000 bootstrap replicates in 
MEGAX software (Tempe, AZ, United  States) for the purpose of 
genetic evolutionary analysis.

2.6 Genetic recombination analysis of 
SCCD22

The SCCD22 strain was compared with the full-genome sequences 
of representative strains from various lineages in Genbank for 
recombination analysis using RDP5.1 and SimPlot 3.5.1. 
Recombination breakpoints in the sequences were predicted using 
RDPv5.1. A recombination event was confirmed if it was supported 
by at least three of the following methods: RDP, GENECONV, 
MAXCHI, CHIMAERA, Bootscan, Siscan, and 3SEQ. Similarity 
comparisons were further performed using SimPlot 3.5.1 within a 

1 https://proksee.ca/

TABLE 1 Information for detection primer.

Type of virus Sequence (5′-3′) Target gene Length of 
products (bp)

References

NADC34-like PRRSV F: CCTGTGTGACTCATATTGTCTCC

R: CGGCGTAAATGCTACTCAAGAC

P: FAM-CGCCCTCACCACCAGCCATTTCCT-BHQ1

ORF5 129 Tu et al. (2023)

HP-PRRSV F: GACGTGCCCCCAAGCTGAT

R: GGATGCCCATGTTCTGCGA

P: FAM-CGTAGAACTGTGACAACAACGCTGAC-

BHQ1

NSP2 171 Qiu et al. (2020)

NADC30-likePRRSV F: CGTATTGGACACCTCTTTTGACTG

R: AACTGGACCTAATCTTCCTGCG

P: ROX-CCCAAAGGTCTTCGTCGGTATTCC-BHQ2

NSP2 218 Qiu et al. (2020)

Classical PRRSV F: GCAATTGTGTCTGTCGTC

R: CTTATCCTCCCTGAATCTGAC

ORF5 81 Chai (2009)
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200 bp sliding window along the genomic alignment (20-bp step), and 
the complete SCCD22 genome was selected as the query sequence, 
and the reference sequences were strains GZ106, ISU18, NADC 30, 
and CY2-1604.

2.7 Pathogenicity analysis of SCCD22

To strike a balance between statistical significance and practical 
limitations, we  opted for a sample size of 10 piglets for the 
pathogenicity experiment. Ten weaned piglets (five males and five 
females, breed Yorkshire, approximately 4 weeks old), were 
purchased from Chengdu Wangjiang Agriculture and Animal 
Husbandry Technology Co., Ltd., and the weight variance among 
all piglets in the study was within a range of 500 g. After testing 
negative for both PRRSV antibodies and antigens, the piglets were 
randomly divided into two groups and housed in separate rooms. 
Their breed, number and grouping in the experiment with the 3R 
principle. All animals were housed under controlled conditions 
with a temperature of 26°C, humidity of 60%, and 12 h of light per 
day, with ad libitum access to water. Group 1 (infection group): five 
piglets received intranasal inoculation with virus solution 
(TCID50 = 105/mL), 2 mL per piglet. Group 2 (control group): five 
piglets received an intranasal inoculation of 2 mL of RPMI 1640 
medium per piglet.

Following the virus inoculation, daily recordings were made of 
the rectal temperatures of the pigs, and their clinical manifestations 
were observed, such as appetite, mental state (presence of 
unconsciousness/coma), and respiratory condition. Clinical 
symptom scoring (Jiang et  al., 2023) is detailed in 
Supplementary Table S2. Additionally, on days 3, 7, 10, and 14 post-
inoculation, the pigs were weighed to calculate the average daily 
weight gain. These comprehensive assessments aimed to evaluate the 
impact of the viral infection on the health and welfare of the piglets 
and to provide insights into potential treatment strategies for this 
specific strain.

Blood samples were drawn from the anterior vena cava of the 
piglets using a 5 mL syringe at 0, 3, 5, 7, 10, and 14 days post-
infection. Concurrently, nasal secretions were collected using cotton 
swabs. Subsequently, the shedding of the virus was detected using 
RT-qPCR. On days 7, 10, and 14, viremia was measured using the 
TCID50 method. This study aimed to gain a deeper understanding of 
the viral shedding and clearance mechanisms in piglets, thereby 
enhancing our understanding of how this specific virus strain 
interacts with its host.

Throughout the experiment, the survival of the piglets in each 
group was monitored. On day 14 post-infection, all piglets were 
humanely euthanized. Necropsies were immediately performed on 
the dead piglets to observe gross pathological changes in various 
organs. Lung tissues were collected and fixed in a 4% 
paraformaldehyde solution. After fixation, tissue embedding, 
paraffin sectioning, and hematoxylin and eosin (H&E) staining were 
performed for pathological examination. Additionally, the spleen, 
lungs, thymus, and lung lymph nodes were collected from each 
dissected piglet, and RT-qPCR was used to measure the viral load in 
these organs. The animal study was approved by the Animal Ethics 
Committee of Sichuan Agricultural University (Approval Number: 
20220261).

2.8 Statistical analysis

Statistical analysis was performed with GraphPad Prism 8.0.2 
(GraphPad Software, San Diego, CA, United States). All data were 
subjected to one-way ANOVA followed by t-tests to determine 
statistical significance. A value of p of less than 0.05 was considered 
statistically significant.

3 Results

3.1 Virus isolation and identification

PRRSV-positive specimens were inoculated onto monolayer 
Pams-163 and cultured in a 37°C CO2 incubator for 4–5 days. At 
48 h post-inoculation with PRRSV, Pams-163 exhibited CPE, 
including cell shrinkage, irregular cell margins, increased 
refraction, and partial detachment (Figure 1A). In contrast, the 
control cells remained healthy and maintained distinct cell 
boundaries (Figure 1B). Pams-163 supernatant, which showed 
80% CPE after six continuous passages, was subjected to 
RT-qPCR testing for PRRSV using the primers listed in Table 1. 
The isolated strain was identified as an NADC30-like strain 
(Figure 1C). PRRSV proliferation on Pams-163 was confirmed 
through immunofluorescence assay (IFA), which demonstrated 
green fluorescence surrounding the cell nuclei, while the negative 
control showed no fluorescence signal, indicating that the 
isolated PRRSV strain could proliferate on Pams-163 (Figure 1D).

3.2 Results of TCID50 determination

The CPE observed in each well of the 96-well plate was 
meticulously recorded. Subsequently, the TCID50 was calculated based 
on these observations using the Reed-Muench formula. As shown in 
Supplementary Table S3, the TCID50 of the PRRSV isolate was 
determined to be 10–6.5/0.1 mL.

3.3 Plotting of viral multi-step growth 
curves

By quantifying the TCID50 of the viral fluid at various time points, 
we constructed a correlation between the viral titers and time, thereby 
generating a multi-step growth curve for the virus (Figure 2). Our 
findings indicate that the titer of the isolate peaked at 72 h, reaching a 
value of 10–6.74/mL (MOI = 0.01), followed by a decreasing trend 
over time.

3.4 Phylogenetic and recombination 
analysis of PRRSV SCCD22

3.4.1 Whole-genome sequencing and annotation 
of PRRSV SCCD22

Utilizing Illumina sequencing technology, the whole genome of 
SCCD22 was sequenced, measuring 15,016 base pairs in length 
(GenBank accession number: OR670493.1). Visualization of the 

https://doi.org/10.3389/fmicb.2024.1362471
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Tu et al. 10.3389/fmicb.2024.1362471

Frontiers in Microbiology 05 frontiersin.org

SCCD22 sequencing results using CGView revealed a GC content of 
52.64% (Figure 3). The ORF1a and ORF1b regions constitute 75% of 
the entire PRRSV genome and are translated into two polyproteins, 
pp1a and pp1ab. The ORF2, ORF2b, ORF3, ORF4, ORF5a, ORF5, 
ORF6, and ORF7 regions encode the envelope proteins (E, GP2, GP3, 

GP4, GP5a, GP5, and M protein) and the nucleocapsid protein (N 
protein), respectively.

3.4.2 Genetic evolution analysis of PRRSV 
SCCD22

To evaluate the genetic evolutionary relationships of PRRSV 
SCCD22 with reference strains from different lineages, we compared 
the nucleotide homology of SCCD22 with representative strains 
across various lineages (Table 2). The results indicated that SCCD22 
shares a nucleotide identity ranging from 79.84 to 93.02% with strains 
CH-1a, JXA1, NADC30, NADC34, VR2332, and QYYZ, but only 
58.60% with the LV strain, suggesting that SCCD22 belongs to 
PRRSV-2. Further comparative analysis revealed a close relationship 
between PRRSV SCCD22 and NADC30, with nucleotide and amino 
acid sequence identities in ORF1a, ORF1b, ORF3, ORF4, ORF5, 
ORF6, ORF7, and the 3’ UTR ranging between 81.70–97.30% and 
84.38–98.85%, respectively.

A phylogenetic tree was constructed based on the ORF5 gene 
sequences (Figure 4), revealing that aside from PRRSV-2 strains, the 
remaining strains could be divided into four lineages based on the 
ORF5 gene. SCCD22 was classified within Lineage 1.8, showing the 
closest phylogenetic relationship with the CH/SCYB-1/2018 isolate 
from Yibin, China.

Comparison of the NSP2 amino acid sequence of SCCD22 
with representative strains indicated that SCCD22, compared to 

FIGURE 1

Isolation and Identification of the PRRSV isolate. (A) CPE diagram of Pams-163 infected with PRRSV isolate; (B) Blank control; (C) RT-qPCR results of 
the PRRSV isolate: (a) Amplification results of NADC30-like PRRSV (3 Replicates). (b) Amplification results for Highly Pathogenic-PRRSV, Classical 
PRRSV, NADC34-like PRRSV; (D) Results of indirect immunofluorescence assay.

FIGURE 2

Viral multi-step growth curves.
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the VR-2332 strain, exhibited three discontinuous deletions in 
NSP2 (111aa, 1aa, and 19aa) (Supplementary Figures S1A,B), 
aligning it with other NADC30-like strains.

Representative strains of different PRRSV lineages were selected 
to analyze ORF5 amino acid sequence variation. As shown in Figure 5, 
the results indicated that compared with the NADC30 strain, SCCD22 
exhibits the greatest variation in the hypervariable region (HVR) 2, 
with a mutation in the 56-58aa NEH to QER. Additionally, a serine 
deletion was observed at position 33  in the hypervariable region 
1 (HVR1).

3.4.3 Recombination analysis of PRRSV SCCD22
Recombination events were predicted using RDPv5.1 and 

supported by at least three assays. Sequence similarity plotting was 
also performed using SimPlot 3.5.1 within a sliding window of 200 bp. 
The results (Table 3 and Figure 6) indicate two recombination events 
in the isolate SCCD22. In the first event, with GZ106 (sublineage 8.7) 
and ISU18 (sublineage 1.5) as the major and minor parents 
respectively, SCCD22 demonstrated a high sequence similarity to 
GZ106 in the 1,028–3,290 nt region. This region included a portion of 
the NSP2 coding area, where all seven detection methods of RDP5 

FIGURE 3

Whole genome sequencing and annotation of PRRSV SCCD22.

TABLE 2 Sequence comparison results (in percentages) between PRRSV SCCD22 and other reference strains.

CH-1a JXA1 LV NADC30 NADC34 VR2332 QYYZ

nt aa nt aa nt aa nt aa nt aa nt aa nt aa

Complete 

genome 83.02 – 82.75 – 58.60 – 93.02 – 84.49 – 81.91 – 79.84 –

5’ UTR 94.24 – 95.79 – 52.91 – 93.19 – 92.63 – 92.11 – 92.15 –

ORF1a 78.71 77.83 78.98 78.94 53.21 45.78 91.11 89.33 79.88 80.07 78.81 78.63 74.23 74.34

ORF1b 75.51 82.77 74.40 82.67 54.42 58.30 81.70 84.38 76.91 83.12 75.67 82.50 73.55 81.95

ORF2 86.38 87.11 86.51 87.89 65.24 63.67 74.42 73.48 85.75 83.98 87.29 68.69 66.77 69.30

ORF3 84.05 82.28 83.79 81.89 63.17 56.39 94.38 94.88 85.74 84.65 83.92 84.65 82.48 83.64

ORF4 87.34 88.20 86.22 87.64 65.22 66.67 95.16 93.82 95.16 94.94 87.34 85.39 85.29 85.96

ORF5 86.73 85.50 85.74 85.50 59.22 50.99 92.21 92.50 87.56 90.00 85.74 85.50 83.91 83.50

ORF6 88.19 92.53 88.38 93.68 70.48 79.89 96.76 98.85 93.14 93.68 90.10 94.83 89.33 93.68

ORF7 91.40 92.68 90.32 91.06 60.86 57.25 95.43 98.37 95.70 97.56 92.47 95.12 87.63 91.87

3’ UTR 88.08 – 75.84 – 50.91 – 97.30 – 94.04 – 55.41 – 81.63 –
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identified significant p values. In the second event, with NADC30 
(lineage 1.8) and CY2-1604 (lineage 1.8) as the major and minor 
parents, SCCD22 showed high similarity to CY2-1604  in the 

9,985–12,279 nt region, which encompasses parts of the NSP10 to 
NSP12 coding areas, with all seven RDP5 detection methods again 
detecting p values.

FIGURE 4

Phylogenetic tree based on PRRSV ORF5 gene.
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3.5 Pathogenicity analysis of SCCD22

3.5.1 Changes in clinical symptoms of piglets
After inoculation, a significant increase in body temperature was 

observed in the piglets, commencing from day 1 (Figure 7A). The 
temperature peaked at 41.2°C on the fourth day. Starting from day 4, 
all piglets in the inoculated group experienced sustained fever for 
8 days, with temperatures consistently above 40°C. After day 12, there 
was a noted decline in the body temperature of the inoculated piglets. 
In contrast, the control group piglets exhibited no abnormal 
temperature fluctuations throughout the experiment.

Body weight measurements were conducted on days 3, 7, and 14 
post-inoculation (Figure  7B). In the initial 3 days following 
inoculation, the body weights of the control and challenge groups 
showed no significant differences. However, from day 7, the body 
weight of the challenge group was significantly lower than that of the 
control group (p < 0.05). By day 14, the average weight of the control 
group piglets was 2.544 Kg heavier than the challenge group. These 
findings indicate that the isolate SCCD22 is capable of inhibiting 
weight gain in piglets.

After the challenge, we meticulously tracked and recorded the 
clinical symptoms in piglets from each group (Figure  7C). The 
challenge group piglets exhibited increasingly severe symptoms over 
time. In contrast, the control group piglets displayed no significant 
clinical symptoms (Figure  7D). From day 3, the challenge group 
piglets began showing decreased appetite and intermittent, mild 
coughing. On day 7, these piglets started clustering together, with a 
notable reduction in appetite, and some exhibited symptoms such as 
coughing, lethargy, and disheveled fur. Individual piglets showed 
distinct symptoms, including redness around the ears and abdominal 
breathing. On day 14, the piglets in the challenge group were 
characterized by rapid breathing, unkempt fur, and minimal food 
intake. Among them, one piglet displayed particularly severe 
symptoms, including emaciation, cessation of feeding, and respiratory 
distress (Figure 7E).

3.5.2 Shedding of virus and changes in blood 
virus titers in piglets

The process of viral shedding in piglets and the changes in blood 
viral titers are shown in Figure 8. The serum viral load peaked on the fifth 

day post-infection at 3.65 × 105 copies/mL, subsequently stabilizing above 
8.69 × 104 copies/mL until the end of the experiment (Figure 8A). Nasal 
swabs showed a peak viral concentration of 1.32 × 104 copies/mL on the 
seventh day post-infection, followed by a decline (Figure 8B). The viral 
titers in serum on days 7, 10, and 14 post-infection were 10–4.2, 10–4.4, and 
10–4.8 TCID50/mL, respectively, indicating a progressive intensification of 
viremia in piglets (Figure 8C).

3.5.3 Assessment of viral loads in organs 
post-dissection and pathological observations

In the control group, the piglets exhibited no visible lung 
abnormalities upon visual inspection (Figure 9A). Pathological section 
analysis revealed a normal lung structure with clear alveolar architecture. 
There were no signs of marked alveolar collapse or thickening of the 
alveolar walls, nor was there any congestion or expansion in the 
interstitial spaces or infiltration of inflammatory cells (Figure 9A).

In contrast, piglets in the challenge group predominantly displayed 
clear signs of pneumonia, characterized by either focal or diffuse 
distribution of lesions. The lesions varied in color from tan to dark 
purple, with some lung tissues undergoing consolidation and displaying 
a fish-scale pattern due to widened pulmonary interstitium (Figure 9B). 
Histopathological examination revealed an abnormal overall lung tissue 
structure. There was a significant increase in the width of the alveolar 
septa, resulting in substantial thickening, as indicated by yellow arrows. 
Additionally, conspicuous infiltration of inflammatory cells was 
observed, as indicated by black arrows (Figure 9B).

Viral loads in the spleen, lungs, thymus, and lung lymph nodes were 
quantified using RT-qPCR (Figure 9C). The highest viral concentration 
was observed in the lungs, followed by the lung lymph nodes and 
thymus, with the spleen registering the least viral presence. These results 
provide pivotal insights into the distribution and replication of the 
NADC30-like PRRSV recombinant strain in piglet organs, thereby 
advancing our understanding of its pathogenesis and 
transmission dynamics.

4 Discussion

Since its initial report in China in 2013, NADC30-like PRRSV has 
become widespread and shown an increasing annual clinical detection 

FIGURE 5

Comparison of ORF5 amino acid sequences among representative strains of PRRSV from different lineages.
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rate (Wang et al., 2017; Tu et al., 2023). Notable representative strains 
within China included HENAN-XINX (GenbankID: KF611905) and 
JL580 (GenbankID: KR706343). These strains exhibit a genomic 
homology of 86.7–87.8% with the U.S. isolate MN184A from 2001 
(GenbankID: DQ176019), and 92.8–95.4% with the U.S. isolate 
NADC30 from 2008. Moreover, when compared with other strains 
like CH1a, jb-4, JXA1, and QYYZ, their homology varied between 
82.2 and 87.2%. Similar to the U.S. isolates MN184A and NADC30, 
the Chinese NADC30-like strains also demonstrated the same NSP2 
deletion pattern, including a discontinuous deletion of 131 amino 
acids (Zhao et al., 2015; Zhou L. et al., 2015; Li et al., 2016). The 
recurrence of this specific deletion across different geographic isolates 
may suggests its significance in the viral biology and pathogenesis, 
offering insights into potential targets for vaccine development and 
disease management strategies.

Several studies have demonstrated that recombination plays a 
pivotal role in the pathogenicity and genetic diversity of NADC30-like 
PRRSV in China. Notably, the virulence of these recombinant strains 
tends to be intermediate compared to their parental strains (Yu et al., 
2021). Recombinant mutations observed in China’s NADC30-like 
PRRSV strains have undermined the cross-protective efficacy of 
existing vaccines, thereby posing significant challenges to the control 
and prevention of PRRSV in the region. Over recent years, our team 
has focused on collecting a wide array of PRRSV clinical samples to 
investigate the prevalence of the virus. Previous studies have reported 
an annual increase in the prevalence of NADC30-like PRRSV, 
particularly in Sichuan Province, China (Tu et al., 2022, 2023; Jiang 
et al., 2023). In a notable development, we isolated a mutant PRRSV 
strain from a clinical sample collected in 2022. This strain was named 
SCCD22 and contained recombinant fragments. Full genome 
sequencing revealed that SCCD22 is 15,016 bp in length, with a 
93.02% genomic identity to NADC30. An evolutionary tree 
constructed based on ORF5 was used to classify SCCD22 into lineage 
1.8 (NADC30-like PRRSV). This discovery adds a new dimension to 
our understanding of the viral evolution and spread, highlighting the 
need for continued surveillance and research in this field.

The NSP2 is one of the most variable regions in the PRRSV 
genome and is frequently targeted for monitoring genetic mutations 
in PRRS. Compared with VR2332, HP-PRRSV exhibits a 
discontinuous deletion of 30 amino acids (1aa + 29aa) in the NSP2 
coding region (Tian et al., 2007), while NADC30-like PRRSV shows 
a discontinuous deletion of 131 amino acids (111aa + 1aa + 19aa) 
(Brockmeier et al., 2012), and NADC34-like has a continuous deletion 
of 100 amino acids (Bao and Li, 2021). In our analysis of the NSP2 
amino acid sequence of the SCCD22 strain, we  observed three 
discontinuous deletions (111aa, 1aa, and 19aa) compared with 
VR2332. This deletion pattern aligns with that of the NADC30-like 
PRRSV. This pattern merits further investigation as a marker for 
PRRSV surveillance and as a target in recombinant strain vaccine 
design. Additionally, the analysis of the amino acid sequence derived 
from the ORF5 gene showed significant variations in SCCD22 
compared with the NADC30 strain, with the most substantial 
variation in HVR2, where amino acids 56–58 NEH were mutated to 
QER; and a Serine was deleted at position 33  in HVR1. These 
mutations and deletions highlight the ongoing and complex variability 
of PRRSV strains. This continuous genetic evolution presents a 
persistent challenge to the development and efficacy of control 
measures in the swine industry, particularly in China. Our study T
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identified novel amino acid deletions and mutations in the SCCD22 
strain, which have not been previously reported in the literature. These 
genetic alterations are potentially crucial for understanding the 
dynamic evolution of the virus’s pathogenicity. Furthermore, they 
could provide invaluable insights for the development of more 
effective vaccines and diagnostic methods, enhancing our ability to 
combat this evolving pathogenic threat.

Relative to other prevalent strains of PRRSV in China, the lineage 
1.8, also known as NADC30-like PRRSV, demonstrates a heightened 
propensity for recombination and diverse pathogenicity. A review 
analyzing the pathogenicity of recombinant NADC30-like PRRSV 
prevalent in China indicated that the virulence of these domestic 

NADC30-like PRRSV is closely linked to their recombinant regions 
and the inherent virulence of the parental strains contributing to these 
segments (Yu et  al., 2021). This study identified two notable 
recombination events in the SCCD22 isolate, specifically at 1028–
3290 nt in the NSP2 and 9,985–12,279 nt in the NSP10 ~ 12. 
Concurrently, SCCD22 shows high similarity to GZ106 (sublineage 
8.7) in the 1,028–3,290 nt, and to CY2-1604 (lineage 1.8) in the 9,985–
12,279 nt, suggesting that the isolate SCCD22 may be a recombinant 
derivative of domestic NADC30-like (lineage 1.8) and JXA1-like 
(sublineage 8.7) strains. This intermingling of genetic traits from 
different lineages underscores the dynamic and complex nature of 
PRRSV evolution in China and highlights the continuous need for 

FIGURE 6

Genomic recombination analysis of SCCD22 using SimPlot. (A) GZ106 and ISU18were used as major and minor parents, respectively; (B) NADC30 and 
CY2-1604 were used as major and minor parents, respectively. Solid red lines indicate the recombination breakpoints; the locations are shown at the 
bottom.
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vigilant monitoring and in-depth genomic analyses to effectively 
manage and control this virus. In addition, this underscores the 
necessity for broadened surveillance, encompassing multiple lineages, 

to prevent and manage recombinant strain emergence effectively. Our 
investigation led to the discovery of novel recombination events in the 
NADC30-like PRRSV strain that have been previously undocumented 

FIGURE 7

Clinical symptoms of the pathogenicity test in piglets. (A) Rectal temperature changes of piglets; (B) Body weight of piglets; (C) Clinical scores of 
piglets in each group during the whole experiment (D) Pigs in the Control group; (E) Pigs in the Challenge group. Significant differences are marked 
with asterisks, *p <  0.05.

FIGURE 8

Shedding of virus and changes in blood virus titers in piglets after challenge. The amount of virus in serum (A) and nasal swabs (B); Virus titers in the 
serum (C).
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in the scientific literature. These unique recombination events are 
important for elucidating the evolution of viral pathogenicity.

We further investigated the pathogenicity of SCCD22 in piglets. Our 
findings indicated that piglets in the challenge group exhibited elevated 
body temperatures with prolonged fever, reduced appetite, and rough coat 
conditions. Despite these clinical manifestations, there was no mortality 
was observed in piglets throughout the duration of the challenge. 
However, it was evident that the SCCD22 had a significant impact on the 
overall growth performance and weight gain of the piglets. This 
observation suggests that, in the absence of secondary infections, SCCD22 
may not be directly responsible for post-weaning mortality in piglets. This 
finding is particularly relevant for understanding the clinical impact of 
PRRSV strains. Necropsies and histopathological examinations revealed 
that infection with SCCD22  in piglets led to typical pulmonary 
pathological changes characteristic of PRRSV infection. These changes 
included discernible alterations in the lung tissues, reinforcing the 
understanding that the lungs are the primary target organ for 
PRRSV. Moreover, after challenge, the piglets’ serum and nasal swabs 
showed prolonged viral shedding, and there was a gradual exacerbation 
of viremia. These findings underscore the persistence and potential for 
transmission of SCCD22, providing valuable insights into the pathogenic 
nature of this particular PRRSV variant. NSP2, a key component 
associated with viral packaging, manifests in various subtypes on the viral 
envelope and plays a pivotal role in the fusion process during the 
packaging of the Porcine Reproductive and Respiratory Syndrome Virus 
(PRRSV) (Zhao et al., 2018). NSP10, functioning as a helicase in PRRSV, 
is crucial for the unwinding of double-stranded RNA (dsRNA) and RNA 
synthesis during the virus’s replication cycle, thus being indispensable for 
effective virus replication (Bautista et al., 2002). NSP11 exhibits RNA 
endoribonuclease activity and deubiquitinating functions (Nedialkova 
et al., 2009; Fang and Snijder, 2010; Wang et al., 2015), while NSP12 
promotes viral replication (Wang et al., 2015; 2019; Bai et al., 2020). In the 
case of SCCD22, the identified recombination events involving NSP2 and 

NSP10-12 are likely to have significant implications for the packaging and 
replication processes of PRRSV. This understanding is a critical part of our 
ongoing research on the behavior and pathogenicity of the virus. Our 
future research will aim to conduct in vivo/vitro studies to determine how 
these recombination events affect the pathogenicity of NADC30-like 
PRRSV. Furthermore, by acknowledging the coexistence of multiple 
PRRSV lineages, our study focused on investigating the epidemiology of 
PRRSV. This includes closely monitoring of the viral potential for 
recombination and its pathogenicity in the aftermath of such genetic 
exchanges. These efforts are crucial for advancing our understanding of 
PRRSV and developing more effective strategies for its control and 
management. Additionally, our challenge experiment design faced certain 
limitations. In the control group, the use of RPMI 1640 medium to 
inoculate piglets was not the optimal approach. A suspension of 
uninfected Pams-163 cells would have been a more appropriate choice. 
However, the swine-feeding site is characterized by a lack of facilities 
suitable for cell culture and preservation. Moreover, the significant 
distance between our laboratory and the swine-feeding site introduced 
logistical complexity. This is particularly relevant because extended 
transportation can detrimentally affect the viability of Pams-163 cells. In 
our methodology, the RPMI 1640 medium was employed as the 
foundational medium for both the viral cultures and the Pams-163 cell 
cultures in the negative control group, aligned with our experimental 
design parameters. Given these considerations, and to maintain 
consistency and control within our experimental framework, we used the 
RPMI 1640 medium as a negative control.

In summary, we successfully isolated and reported a new strain of 
NADC30-like PRRSV, which we designated as SCCD22. Our research 
encompassed a thorough analysis of this strain, delving into its genetic 
evolution, conducting a detailed recombination analysis, and assessing its 
pathogenicity. The insights gained from this study lay a crucial theoretical 
foundation for future advancement in this field. These findings are 
important for guiding the development of vaccines that specifically target 

FIGURE 9

The pathological changes in the piglets’ lungs and the results of viral load testing after SCCD22 challenge. (A) Lung and histopathological sections from 
the control group; (B) Lung and histopathological sections from the challenged group; (C) Results of viral load in the organs of piglets from the 
challenge group.
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NADC30-like PRRSV strains. Our research contributes valuable 
knowledge for broader efforts to control and prevent PRRSV infection. 
First, our findings can aid in the refinement of diagnostic assays. By 
incorporating newly identified genetic markers, these assays can become 
more sensitive and specific for detecting NADC30-like strains, enabling 
early detection and more effective management of outbreaks. Second, the 
unique genetic characteristics of the SCCD22 strain provide markers that 
can be used in molecular epidemiological studies. This can help track the 
spread and evolution of the virus, informing public health decisions and 
strategies for disease management. Third, understanding the specific 
mutations and recombination patterns in SCCD22 can guide the 
development of antiviral drugs that are more effective against these 
specific genetic profiles.
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