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Porcine reproductive and respiratory syndrome virus (PRRSV) affects the
production and health of pigs and causes severe economic losses to the swine
industry worldwide. Different pig breeds have been reported to have different
levels of susceptibility to PRRSV, and different PRRSV strains may also influence
the infectivity and pathogenicity of the virus. In this study, the susceptibility of
Rongchang pigs (a prominent local pig breed in China) to PRRSV infection was
thoroughly investigated. Rongchang piglets were exposed to two PRRSV strains:
HuN4 (highly pathogenic PRRSV) and SD53-1603 (moderately virulent NADC30-
like PRRSV). We observed that Rongchang pigs infected with HuN4 displayed
significant clinical manifestations, including fever, reduced body weight,
and interstitial pneumonia lesions. Routine blood tests revealed that HuN4-
infected pigs exhibited slightly decreased levels of red blood cells, hemoglobin,
reticulocytes, and a notable increase in monocytes than control pigs. Additionally,
the Rongchang pigs exhibiting severe clinical signs presented a higher neutrophil-
to-lymphocyte ratio and a lower lymphocyte-to-monocyte ratio. In contrast,
SD53-1603 infection did not cause considerable harm to Rongchang pigs, only
resulting in slightly elevated leukocytes and lymphocytes. Furthermore, these two
PRRSV strains elicited divergent cytokine responses, such that SD53-1603 infection
induced higher levels of TNF-a and IFN-y, whereas HuN4 infection upregulated
IL-18. These dissimilarities in clinical symptoms, pathological changes, viremia,
cytokine expression, and routine blood indices between HuN4 and SD53-1603
infections are critical in understanding the mechanisms of PRRSV infection and
developing rational prevention and control strategies against PRRSV.
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Introduction

Porcine reproductive and respiratory syndrome (PRRS), first
reported in 1987, has been a serious concern to the global pig industry.
PRRS virus (PRRSV), a single-stranded positive-strand RNA virus
belonging to the Arteriviridae family, is the causative agent of
PRRS. PRRSV is classified into two different species: Betaarterivirus
suid 1 (PRRSV-1, formally European PRRSV) and Betaarterivirus suid
2 (PRRSV-2, formally North American PRRSV) according to
significant antigenic variation, which share about 60% genomic
identity (Brinton et al., 2021). Since PRRS was initially identified in
China in 1996, the predominant PRRSV strains in China have been
PRRSV-2. Notably, PRRSV exhibits high genetic diversity and
evolutionary rates (Fang et al., 2022). The highly pathogenic PRRSV
(HP-PRRSV) outbreak resulted in persistent high fever, severe organ
damage or lesions, and high morbidity and mortality in central China
in 2006 (Tian et al., 2007; Tong et al., 2007). This devastating outbreak
rapidly spread across China and subsequently affected several
Southeast Asian countries, including Vietnam and Laos, culminating
in the most severe disease outbreak in the Asian pig industry (Lin
etal.,, 2020). In 2015, a novel PRRSV (NADC30-like) that is genetically
similar to the NADC30 strain isolated in the United States in 2008
emerged in China and quickly disseminated throughout the country.
Although PRRSV NADC30-like strains are generally less virulent than
HP-PRRSV strains, they still elicit clinical respiratory symptoms and
moderate pathogenicity in commercial pig breeds (Zhou et al., 2015;
Tian, 2017). Currently, both HP-PRRSV and NADC30-like strains are
the predominantly transmitted strains within pig population in China
(Liu et al., 2022).

Notably, different pig breeds have shown different levels of
susceptibility to PRRSV infections in vitro and in vivo (Meng et al.,
2018). For example, native pig breeds exhibited better resistance to
HP-PRRSV strain than commercial breeds like the Large White pig
and Landrace pig (Xing et al., 2014; Liang et al., 2016). Among the
native breeds, the Rongchang pig, one of Chinese local breeds, serves
as an exemplary model for biomedical research purposes (Gan et al.,
2015; Chen et al.,, 2017). In this study, we thoroughly compared the
clinical characteristics, viral loads, routine blood tests, and cytokine
levels of Rongchang pigs infected with either HP-PRRSV strain HuN4
or NADC30-like PRRSV strain SD53-1603 to evaluate immune
responses of Chinese local breed to different virulent PRRSV strains.

Materials and methods
Cells and viruses

The Marc-145 cell (an African green monkey kidney epithelial cell
line, ATCC CRL-12231) was cultured in DMEM with 8% FBS and
used for PRRSV propagation and titration. The HP-PRRSV strain
HuN4 (GenBank accession number: EF635006.1) (PRRSV-2) was
isolated from tested pig samples characterized by high fever and a high
portion of deaths in China in 2006 (Tong et al., 2007). The NADC30-
like PRRSV strain SD53-1603 (GenBank accession number:
MH651744.1) was isolated from PRRSV-positive samples in China in
2016, which was less pathogenic than HP-PRRSV strains (Zhang
etal., 2019).
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Animal experiments

Rongchang piglets were obtained from a historically PRRSV-
negative farm free from anti-PRRS vaccines. Antigen and antibody
tests were conducted for the presence of swine pathogens, including
PRRSV, African swine fever virus (ASFV), classical swine fever virus
(CSFV), pseudorabies virus (PRV), and porcine circovirus 2 (PCV2)
by ELISA kits (INgzim, Spain) and normal PCR/RT-PCR. According
to the constructed Random Table method (Sundaram et al., 2010),
thirteen 4-week-old male Rongchang pigs free of PRRSV, ASFV, CSFV,
PRV, and PCV2 were randomly assigned to three groups: the HuN4
infection group (n=>5), the SD53-1603 infection group (n=>5), and the
control group (n=3). The pigs in different groups were housed
separately in biosafety rooms accordingly. Each piglet in the
corresponding infection groups received intramuscular injections
(2mL) and nasal drips (2mL) of either HuN4 or SD53-1603 (2.0x 10*
TCIDsy/mL). Meanwhile, the control piglets received equal amounts
of DMEM. Clinical signs and rectal temperatures of all experimental
piglets were recorded daily, and body weights were measured at 7, 14,
and 21 days post-infection (dpi). Blood samples were collected at 0, 2,
4,7,10, 14, 17, and 21 dpi. The piglets that were expected to die were
euthanized and immediately necropsied, while the remaining piglets
were euthanized and necropsied at 21 dpi. To quantify the presence or
absence of PRRSV, tissue samples were collected from various organs,
including heart, liver, spleen, lung, kidney, lymph node, tonsil, small
intestine, bladder, and stomach. Among them, lung and lymph node
fixed
histological examinations.

tissues  were using 4%  paraformaldehyde  for

Routine blood tests

Whole blood samples were collected using special anticoagulation
tubes. Subsequently, blood samples were processed using the ProCyte
Dx fully automated hematology analyzer (IDEXX, United States) to
determine routine blood physiological indicators, including red blood
cell count (RBC), hemoglobin concentration (HGB), platelet count
(PLT), white blood cell count (WBC), percentage of monocytes
(MONO), percentage of lymphocytes (LYMPH), percentage of
neutrophils (NEUT), and others.

Estimation of the viral load

Total RNA was extracted from blood and tissue samples using
TRIzol following the manufacturer’s guidelines (Invitrogen,
United States). The cDNA was synthesized by the reverse transcription
kit containing oligo(dT) primer (TaKaRa, Japan) with 1 pg RNA per
sample. The quantitative PCR (qPCR) was performed using the
commercial TB Green® Fast qPCR Mix (TaKaRa, Japan) with specific
primers listed in Table 1. The QPCR mixture consisted of 1 x TB Green
Fast QPCR Mix, 0.2puM each of the primers, cDNA (2 L), and the
volume was made up to 20pL with deionized water. The qPCR
conditions were as follows: denaturing at 95°C for 30s, followed by
40 cycles at 95°C for 5s and 60°C for 10s and a melt curve from 72°C
to 95°C. The Ct (cycle time) value of cDNA was determined by using
a standard curve, which was generated using the known copy number
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TABLE 1 Primers used for the construction of reference plasmid and
qPCR.

Primer name ‘ Primer sequence (5" — 3’)

PRRSV-ORF7-F AGATCATCGCCCAACAAAAC

PRRSV-ORF7-R GACACAATTGCCGCTCACTA

of the recombinant plasmids that encompassed a conserved segment
of the PRRSV ORF7 (Madapong et al., 2020).

Detection of cytokines and antibodies

Serum levels of IL-1p, IL-10, IFN-y, TNF-a, and IgG were
analyzed using corresponding ELISA kits following the manufacturer’s
instructions (Cloud-Clone Corp, United States). Furthermore, serum
samples were examined for PRRSV-specific antibodies using ELISA
(IDEXX, USA), and a sample-to-positive ratio (S/P ratio) of >0.4 was
considered positive. Multiple lung fractions were simultaneously
taken, mixed and ground. The supernatants were then analyzed to
determine antibody levels using ELISA (IDEXX, United States).
Neutralizing antibody levels of pig sera at 21 dpi were performed on
Marc-145 cells by using the corresponding virus strain for challenge
as previously described (Ma et al., 2016).

Statistical analysis

All data are presented as meanzstandard deviation (SD).
Statistical analysis was performed using GraphPad Prism software
(version 6.0) with two-tailed unpaired Student’s f tests to assess
statistical differences between groups. Asterisks indicate statistical
significance: NS, no significance; *, p <0.05; **, p <0.01; ***, p <0.001.

Animal welfare statement

Animal experiments were conducted strictly following the
guidelines of the Animal Ethics Committee of Harbin Veterinary
Research Institute, Chinese Academy of Agricultural Sciences, China.
The approval number of the animal ethics committee is 200720-01.

Results

Clinical manifestations of two PRRSV
strains in pigs

During the whole study period, the control piglets did not exhibit
any clinical signs related to PRRSV infection. HuN4-infected piglets
displayed noticeable clinical symptoms, including labored breathing,
transient anorexia, occasional episodes of diarrhea, and one pig
succumbed to death at 8 dpi (Figure 1C). Moreover, HuN4-infected
piglets experienced a high fever, with temperatures exceeding 40.5°C
for a cumulative period of 5days, peaking at about 41°C on two
occasions (at 6 and 9 dpi) (Figure 1A). In contrast, SD53-1603-
infected piglets exhibited only transient immobility and no other
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discernible clinical signs, and these piglets had no fever and all
survived (Figures 1A, C). At 7 dpi, the average daily weight gain in the
HuN4 infection group was significantly lower than the SD53-1603
infection and control groups. Even at 14 dpi, the weight gain of the
HuN4 infection group remained lower than that of the SD53-1603
infection group; however, the disparity in average daily weight gain
between the SD53-1603-infected and control piglets was not
statistically significant over the course of the study (Figure 1B).

Macroscopic and microscopic lesions in
the lungs and lymph nodes

All surviving pigs underwent dissection at 21 dpi for
histopathological examinations. No histological abnormalities were
observed in control piglets (Figures 2C, E, I, L). HuN4-infected piglets
exhibited partial consolidation and hemorrhage in the lungs, along
with inflammatory cell infiltration and alveolar epithelial cell
hyperplasia, which resulted in moderate alveolar septal widening and
a small amount of exudate in the alveolar lumen (Figures 2A, D). The
submandibular lymph nodes showed hemorrhage, lymphocytopenia,
and macrophage hyperplasia (Figures 2G, J). Variable degrees of
swelling and hemorrhage were also observed in brain, liver, spleen,
stomach, and intestinal segments. Furthermore, in HuN4-infected
piglets, the spleen exhibited irregular edges, the thickness of the
intestinal wall was reduced, and the thymus gland displayed atrophy
to varying degrees (Supplementary Figure S1). On the contrary, SD53-
1603-infected piglets did not show any marked damage to lungs
(Figures 2B, E), lymph nodes (Figures 2H, K), or other organs
(Supplementary Figure S1). These findings indicate that SD53-1603
induces less than HuN4 in

severe pathological changes

Rongchang piglets.

Comparison of hematological responses

HuN4-infected piglets exhibited slightly lower levels of
erythrocytes and hemoglobin compared to the control piglets at 10
dpi. At 7 dpi, the platelet count in HuN4-infected piglets was
significantly lower than that of the control group. However, it
gradually increased and ultimately reached slightly higher levels than
the control piglets (Figures 3A-C). Furthermore, the reticulocyte
counts were significantly lower in HuN4-infected piglets than in
SD53-1603-infected and control piglets during the first 14 days, but
increased to significantly higher levels from 14 to 21 dpi (Figure 3D).
In contrast, the levels of erythrocytes, hemoglobin, platelets, and
reticulocytes were similar between SD53-1603-infected and control
piglets (Figures 3A-D). Compared to the HuN4 infection group,
SD53-1603-infected piglets exhibited higher levels of leukocytes and
lymphocytes at 7 dpi, but the differences between the means were not
statistically significant (Figures 3E-F). However, HuN4-infected
piglets had significantly higher levels of monocytes than the SD53-
1603-infected piglets from 4 to 14 dpi, which then returned to the
similar baseline level of the control group (Figure 3G). The neutrophil-
to-lymphocyte ratio (NLR) was significantly higher in both infection
groups compared to the control group at 7 dpi. Notably, at the time of
death, the HuN4-infected piglet had an NLR of greater than 2
(Figure 3I). The lymphocyte-to-monocyte ratio (LMR) was decreased
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Temperature changes, average daily body weight, and survival rate in Rongchang piglets following PRRSV HuN4 or SD53-1603 or a control challenge.
(A) Rectal temperatures of challenge and control group piglets. The fever cut-off value was set at 40.5°C. The mean temperatures + standard deviation
(SD) are presented. (B) Weight changes of piglets during the study period. All piglets were weighed at 7, 14, and 21 days post-infection (dpi). The
average daily weight gain per group was calculated for days 0-7, 7-14, and 14-21 post-infection. The bars represent the average daily body weight of
all surviving piglets + standard deviation (SD). (C) Survival rate of Rongchang piglets inoculated with viruses or control. *, p <0.05; **, p <0.01; ***,
p<0.001; **** p<0.0001, a, HuUN4 vs. SD53-1603; b, HuN4 vs. control; c, SD53-1603 vs. control.
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in both infection groups. HuN4-infected piglets exhibited significantly
lower LMR than the control piglets at 4 dpi. Subsequently, the LMR
achieved the lowest values at 7 dpi and eventually recovered to the
matching level of the control group at 21 dpi. In contrast, SD53-1603-
infected piglets exhibited a significant decrease in LMR only at 4 dpi,
with no significant differences at the other time points compared to
the control group (Figure 3]). Regarding the platelet-to-lymphocyte
ratio (PLR), there were no significant changes in the HuN4 infection
group. However, the PLR was higher in SD53-1603-infected piglets
than the control piglets at 7 dpi and thereafter gradually decreased
(Figure 3K).

Viral RNA load in blood and tissues

To investigate the disparities in viral load across tissues from two
infection groups, we extracted total RNA from diverse tissues and
performed real-time qPCR. The qPCR result showed that viral RNA
load in serum from both infection groups displayed a prominent peak
at 7 dpi. Nonetheless, an intriguing revelation emerged, as SD53-1603-
infected piglets exhibited a significantly higher viral load in
comparison to HuN4-infected piglets at 4-10 dpi. However, by 17 dpi,
the viral RNA copies in the sera of both groups essentially converged
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(Figure 4A). Intriguingly, an in-depth examination of the viral load in
respective organs revealed a remarkable disparity. Specifically, SD53-
1603-infected piglets consistently exhibited higher levels of viral loads
than HuN4-infected piglets, except in the spleen and ileum, although
this difference was not statistically significant (Figure 4B).
Additionally, viral RNA was detected in heart, liver, kidney, stomach,
and brain of two infection groups (data not shown), which offers
convincing evidence of the widespread histotropism of different
pathogenic PRRSV strains in Rongchang pigs.

Antibody responses in HUN4 and
SD53-1603 infected piglets

ELISA was conducted to examine the levels of PRRSV-specific
antibodies and total IgG in the serum of infected piglets. Notably,
we observed a rapid development of antibodies in the blood serum of
both HuN4 and SD53-1603-infected piglets at 7 dpi. The antibody
levels in HuN4-infected piglets peaked after 14 dpi, and then gradually
declined. In contrast, SD53-1603-infected piglets displayed slightly
lower antibody levels than HuN4-infected piglets at 10 dpi. However,
between 17 and 21 dpi, the antibody levels in SD53-1603-infected
piglets gradually increased and were significantly higher than those in
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FIGURE 2
Gross and histological lesions of the lungs and lymph nodes of Rongchang piglets infected with HuUN4 and SD53-1603 PRRSV strains. Lung tissues
from piglets infected with HuN4 (A,D), SD53-1603 (B,E), and control piglets (C,F) were examined for anatomical and pathological changes. Additionally,
submandibular lymph node tissues from piglets infected with HuN4 (G,J), SD53-1603 (H,K), and control piglets (I,L) were also evaluated. The original
magnification of figures E, F, G, K, L, and M is 200 X .

HuN4-infected piglets (Figure 5A). The results of virus neutralization
test showed that neither HuN4 nor SD53-1603 induced the detectable
levels of effective neutralizing antibodies at 21 dpi (data not shown).
Furthermore, the levels of PRRSV-specific antibodies in pulmonary
abrasive fluid were significantly higher in SD53-1603-infected piglets
than in HuN4-infected and control piglets at 21 dpi (Figure 5B). Total

Frontiers in Microbiology

IgG levels in serum of the control piglets remained constant
throughout the experimental phase. In contrast, there was no
significant changes in IgG serum levels in either of the two infection
groups during the initial 7 days. Interestingly, between 14 and 21 dpi,
the IgG levels in both infection groups reached a harmonious
equilibrium. However, at 14 dpi, HuN4-infected piglets had
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FIGURE 3
Routine blood analysis of piglets following PRRSV challenge. (A) Red blood cell count (RBC); (B) Hemoglobin concentration (HGB); (C) Platelet count
(PLT). (D) Reticulocyte percentage (RET); (E) White blood cell count (WBC); (F) Lymphocyte percentage (LYMPH); (G) Monocyte percentage (MONO);
(H) Neutrophil percentage (NEUT). (I) Neutrophil-to-lymphocyte ratio (NLR); (J) Lymphocyte-to-monocyte ratio (LMR); and (K) Platelet-to-lymphocyte
ratio (PLR). *, p<0.05; **, p<0.01; ***, p <0.001; **** p<0.0001, a, HUN4 vs. SD53-1603; b, HUN4 vs. control; ¢, SD53-1603 vs. control.

significantly higher IgG levels than SD53-1603-infected piglets
(Figure 5C).

Expression levels of cytokines in serum

The expression levels of different cytokines in serum were
determined by ELISA. The results showed that cytokine profiles after
HuN4 and SD53-1603 infection exhibited similar trends, but the
extent of change differed between the two infection groups. The levels
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of TNF-a, IL-1p, and IFN-y were first elevated after infection and then
returned to baseline at 14 dpi after the peak (Figures 6A-C). During
the first 4 days, HuN4-infected piglets showed slightly higher levels of
TNF-a, IL-1p, IFN-y, and IL-10 compared to SD53-1603-infected
piglets. From 7 to 14 dpi, the HuN4 infection group exhibited higher
levels of IL-1p, whereas the SD53-1603 infection group displayed
higher levels of TNF-o and IFN-y. The IL-10 levels gradually increased
after infection with two strains within the first 10 days, and at 17 dpi
SD53-1603-infected piglets had significantly higher levels of IL-10
than HuN4-infected piglets (Figure 6D).
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Antibody levels of Rongchang piglets following inoculation with HuN4, SD53-1603, or mock control. The levels of PRRSV-specific antibodies in
lung (A) and serum (B), and the levels of total IgG in serum (C) were determined using ELISA. The seroconversion threshold for PRRSV-specific
antibodies was set at a sample-to-positive (s/p) ratio of 0.4. Each bar represents the mean+SD.*, p<0.05; **, p <0.01; **** p<0.0001.

Discussion

Since 1996, multiple PRRSV subtypes have widely spread in
China, causing significant economic losses. Recently, HP-PRRSV-like
and NADC30-like strains have been the major circulating strains in
the fields and result in devastating destruction to swine industry
(Zhou et al,, 2022; Li et al,, 2023; Long et al,, 2023). In this study,
we used Rongchang piglets (a local Chinese breed) to determine the
pathogenicity of two different PRRSV strains, HP-PRRSV strain
HuN4 and NADC30-like strain SD53-1603. In general, Rongchang
piglets infected with HuN4 generally experience more severe clinical
syndromes and higher mortality rates than those infected with SD53-
1603. More specifically, Rongchang piglets infected with HuN4
exhibited a short period of hyperthermia (>41°C), with 20 % of the
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pigs succumbing to the virus infection. However, the surviving piglets
healthy  both
(Supplementary Figure S2). In comparison, Rongchang pigs infected

remained clinically and  anatomically
with SD53-1603 exhibited minimal respiratory tract, along with other
related clinical symptoms and classic pathological changes. The
average temperature of Rongchang piglets infected with SD53-1603
was below 40.5°C, and all pigs survived. Previous reports have
demonstrated that different PRRSV strains lead to variable clinical
syndromes, and different pig breeds have different susceptibility to
PRRSV infection (Xing et al., 2014; Liang et al., 2016; Meng et al.,
2018; You et al., 2023). Two Chinese pig breeds, such as Tongcheng
pigs and Dapulian pigs, have showed greater resistance to HP-PRRSV
infection than Large White pigs (Xing et al., 2014; Liang et al., 2016).

Based on clinical symptoms, pathological changes, mortality rates, and
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FIGURE 6
Cytokine levels in serum of HuN4 and SD53-1603 infected and control Rongchang piglets. The levels of TNF-a (A), IL-16 (B), IFN-y (C), and IL-10
(D) were measured at 0, 2, 4, 7, 10, 14, 17, and 21 dpi. *, p<0.05; **, p < 0.01; ***, p <0.001; **** p<0.0001, a, HUN4 vs SD53-1603; b, HuUN4 vs control;
c, SD53-1603 vs control.

the status of surviving piglets reported in previous studies of HuN4
(Zhou et al., 2008; Tian et al., 2009; Wang et al., 2018) and SD53-1603
(Zhang et al., 2019) infections in Large White piglets, we infer that
Rongchang piglets may exhibit a greater resistance to PRRSV
compared to Large White piglets. However, further research is
required to substantiate this conclusion.

The levels of viral load are associated with disease severity and
mortality and can predict disease outcomes. However, in the case of
Rongchang pigs infected with HuN4 or SD53-1603, the viral
pathogenicity was not only related to the viral load in serum and lung.
Despite the higher pathogenicity of HuN4, it replicated at relatively
lower levels compared to SD53-1603 in Rongchang pigs. Additionally,
the levels of PRRSV-specific antibodies in serum and lung indicated
that SD53-1603 infection produced higher levels of N protein-specific
antibodies than HuN4 infection. These data suggest that SD53-1603
replicates more efficiently than HuN4 in Rongchang pigs in serum.
Higher viral loads have also been reported in serum from infected pigs
with certain low pathogenicity (Morgan et al., 2013; Zhang et al., 2013;
Ma et al., 2022). Previous data have demonstrated that viral nsp2, nsp9
and nsp10 play critical roles in determining viral replication efficiency
and fatal virulence of HP-PRRSV (Li et al.,, 2014; Kong et al., 2023). It
is worth mentioning that the nsp2 of HP-PRRSV strain plays an
important role in viral clearance in lung and lymphoid tissues, which
may explain the lower levels of HP-PRRSV HuN4 load than the
moderately virulent strain SD53-1603 in Rongchang pigs.
Additionally, the magnitude of viral load can be influenced by various
factors, including antibody levels, receptor expression levels,
transmission efficiency, and others (Frydas et al., 2013; Morgan et al.,
2013; Rodriguez-Gomez et al., 2019).

In this study, we observed the absence of neutralizing antibodies
in the serum of Rongchang pigs infected with both virus strains at
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21days, which suggests a delay in the production of neutralizing
antibodies in these pigs. IgG is primarily responsible for limiting
viremia and systemic transmission of PRRSV. The elevated levels of
IgG antibodies in Rongchang pigs infected with HuN4 indicate that
compared to SD53 infection, HuN4 infection poses a more severe
threat to the immune system, resulting in a broader and stronger
antibody response. High levels of IgG antibodies are also commonly
observed in severely ill patients following COVID-19 infection (Zhang
etal, 2020). Antibody response may be associated with organ damage
in addition to antiviral efficacy (Tantuoyir and Rezaei, 2021). The IgG
levels in the serum can be used to generate a combined immune
response phenotype to predict the course of disease progression
(Zhang et al., 2020).

Routine blood tests are widely used in clinical practice for the
timely detection of physiological and pathological changes in animals.
HuN4-infected Rongchang pigs exhibited lower levels of reticulocytes,
erythrocytes, and hemoglobin compared to the control group,
indicating a potential inhibition of hematopoietic function in pigs.
Additionally, the platelet levels were significantly lower in HuN4-
infected Rongchang piglets than in control piglets at 7 dpi. This
indicates that HuN4 infection-induced thrombocytopenia may
be associated with abnormal coagulation function. Meanwhile, HuN4
infection significantly upregulated monocyte levels, which may play a
crucial role in controlling viremia but may also induce tissue damage
during infection (Zhang et al., 2020). Moreover, Zika virus infection
has been shown to enhance monocyte migration and virus
propagation to neuronal cells by manipulating monocyte adhesion
properties (Ayala-Nunez et al., 2019), which may be an important
mechanism for viral tissue invasion and persistence. On the contrary,
SD53-1603 infection did not significantly affect the erythroid lineage
and monocytes but resulted in increased levels of leukocytes and
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lymphocytes. NLR, LMR, and PLR are essential inflammation markers
that can help predict infection severity (Kosidlo et al., 2023). NLR
values increased in both groups after infection, but the values were
slightly higher in the SD53-1603 infection group than the HuN4
infection group during the first 7 days. Furthermore, an NLR value of
greater than 2 was observed in the HuN4-infected piglet that died at
8 dpi. This suggests significantly higher NLR value may indicate a
more severe disease (Damar Cakirca et al., 2021). The LMR decreased
in both infection groups, and the HuN4 infection group had
significantly lower LMR values than the control group after 4 dpi,
while the SD53-1603 infection group did not show significant
differences compared to the control group. In COVID-19 patients,
more severe cases exhibited mononucleosis, resulting in decreased
LMR (Kosidlo et al., 2023), and the value decreased with disease
severity (Citu et al., 2022). Although the PLR is considered a highly
valuable non-specific marker of inflammation (Gujar et al., 2021), the
PLR values in Rongchang pigs infected with two distinct PRRSV
strains are not correlate with the associated symptoms. Additional
data are needed to confirm whether the PLR can be used as an
indicator for systemic inflammation following PRRSV infection
in piglets.

Cytokines, including IL-1p, IL-10, IFN-y, and TNF-q, play a
critical defense role against PRRSV. IL-1f is a pro-inflammatory
cytokine produced by immune cells such as macrophages and
monocytes in response to infections or injuries, which can regulate
immune responses, including fever, inflammation, and activation
of other immune cells. The relatively high levels of IL-1f in
Rongchang pigs from 2 to 10days after HuN4 infection might
contribute to the persistent increase in body temperature from 2 to
12 dpi and acute lung injury in HuN4-infected Rongchang pigs
(Amarilla et al, 2015; Liang et al., 2016). TNF-«, another
pro-inflammatory cytokine mainly produced by macrophages and
T cells, plays a crucial role in inflammation and the immune
response. Compared with the pigs inoculated with low pathogenic
PRRSV, HP-PRRSV-infected Large White pigs induces higher levels
of TNF-a (Zhang et al., 2013; Han et al., 2014). However, TNF-a
levels were significantly increased in SD53-1603-infected
Rongchang pigs at 7 dpi compared to HuN4-infected pigs. Previous
studies have shown that Nsplf and Nspll are responsible for
HP-PRRSV-induced suppression of TNF-a production, leading to
TNF-a production differences in PAM (He et al., 2015). IFN-y
participates in regulating the activity of immune cells, enhancing
resistance to viruses by directly inhibiting virus replication and
transmission. After 7 to 14 days of SD53-1603 infection, Rongchang
pigs exhibited higher levels of IFN-y, which may be associated with
the larger viral load of SD53-1603. The balance between IL-10 and
IFN-vy plays a crucial role in immune response (Sassi et al., 1999;
Diaz et al., 2006; Karakhanova et al., 2014; Marcal et al., 2020). The
IL-10 levels in Rongchang pigs remained relatively constant after
infection with two PRRSV strains of different pathogenicity.
However, SD53-1603-infected piglets showed significantly higher
levels of IL-10 than HuN4-infected piglets at 17 dpi. IL-10 is
generally considered an anti-inflammatory factor with a suppressive
effect on immune response (Moore et al., 2001). It seems that the
immune system of SD53-1603-infected Rongchang pigs attempts to
balance the inflammatory response and return to a normal state.
Briefly, immune responses induced by HuN4 and SD53-1603
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infections shared some similarities, such as the elevation and
recovery of IL-1p, TNF-a, and IFN-y levels. However, they exhibited
variations both in terms of timing and extent. These differences may
reflect variations in the mode and mechanism of immune response
after PRRSV infection.

Altogether, this is the first report to investigate two different
PRRSV strains (HP-PRRSV strain HuN4 and NADC30-like strain
SD53-1603) infection in Rongchang piglets. Our findings indicate
that HuN4 is significantly more pathogenic than SD53-1603 in
Rongchang pigs. Interestingly, the higher virus loads of SD53-1603 in
animals might explain their recent widespread circulation in pig
herds in China. Further research is needed to understand the
molecular mechanisms of Rongchang piglets’ defense against
PRRSV infection.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding authors.

Ethics statement

The animal study was approved by Animal Ethics Committee of
Harbin Veterinary Research Institute, Chinese Academy of
Agricultural Sciences, China. The approval number of the animal
ethics committee is 200720-01. The study was conducted in
accordance with the local legislation and institutional requirements.

Author contributions

WZ: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Software, Validation, Visualization,
Writing - original draft, Writing - review & editing. WM: Formal
analysis, Software, Validation, Visualization, Writing — review &
editing. YP: Software, Visualization, Writing - review & editing,
Formal analysis. XW: Software, Visualization, Writing — review &
editing, Formal analysis. MW: Software, Writing - review & editing,
Formal analysis. HeZ: Software, Writing — review & editing. JG:
Writing - review & editing, Formal analysis. HoZ: Writing - review &
editing, Resources. ZT: Resources, Writing - review & editing. CL:
Resources, Writing — review & editing. HC: Funding acquisition,
Writing - review & editing. CX: Resources, Writing — review &
editing. YW: Formal analysis, Funding acquisition, Methodology,
Project administration, Resources, Software, Supervision, Validation,
Visualization, Writing - original draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by the National Key Research and Development Program
(2022YFF0711200), Pilot Technology Project of National Pig

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1283039
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Zhang et al.

Technology Innovation Center (NCTIP-XD1C09), Special Funds for
Basic Scientific Research Operations of Central Public Welfare
Scientific Research Institutions (1610302022018), the National Center
of Technology Innovation for Pigs (NCTIP-XD/B11), the Fundamental
Research Funds for the Central Universities (SWU-KR22036), and the
Heilongjiang Provincial Key R&D Program Guidance Project
(GZ20210010).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

Amarilla, S. P,, Gomez-Laguna, J., Carrasco, L., Rodriguez-Gomez, I. M., Caridad, Y. O.
J. M., Morgan, S. B,, et al. (2015). A comparative study of the local cytokine response in
the lungs of pigs experimentally infected with different PRRSV-1 strains: upregulation
of IL-1alpha in highly pathogenic strain induced lesions. Vet. Immunol. Immunopathol.
164, 137-147. doi: 10.1016/j.vetimm.2015.02.003

Ayala-Nunez, N. V,, Follain, G., Delalande, E, Hirschler, A., Partiot, E., Hale, G. L.,
etal. (2019). Zika virus enhances monocyte adhesion and transmigration favoring viral
dissemination to neural cells. Nat. Commun. 10:4430. doi: 10.1038/s41467-019-12408-x

Brinton, M. A., Gulyaeva, A. A, Balasuriya, U. B. R., Dunowska, M., Faaberg, K. S.,
Goldberg, T., et al. (2021). ICTV virus taxonomy profile: Arteriviridae 2021. J. Gen.
Virol. 102:1632. doi: 10.1099/jgv.0.001632

Chen, W, Yi, H,, Zhang, L., Ji, E, Yuan, S., Zhang, Y,, et al. (2017). Establishing the
standard method of cochlear implant in Rongchang pig. Acta Otolaryngol. 137, 503-510.
doi: 10.1080/00016489.2016.1267406

Citu, C., Gorun, E, Motoc, A., Sas, L., Gorun, O. M., Burlea, B., et al. (2022). The
predictive role of NLR, d-NLR, MLR, and SIRI in COVID-19 mortality. Diagnostics
(Basel) 12:12010122. doi: 10.3390/diagnostics12010122

Damar Cakirca, T., Torun, A., Cakirca, G., and Portakal, R. D. (2021). Role of NLR,
PLR, ELR and CLR in differentiating COVID-19 patients with and without pneumonia.
Int. ]. Clin. Pract. 75:¢14781. doi: 10.1111/ijcp.14781

Diaz, 1., Darwich, L., Pappaterra, G., Pujols, J., and Mateu, E. (2006). Different
European-type vaccines against porcine reproductive and respiratory syndrome virus
have different immunological properties and confer different protection to pigs. Virology
351, 249-259. doi: 10.1016/j.virol.2006.03.046

Fang, K., Liu, S, Li, X., Chen, H., and Qian, P. (2022). Epidemiological and genetic
characteristics of porcine reproductive and respiratory syndrome virus in South China
between 2017 and 2021. Front Vet Sci 9:853044. doi: 10.3389/fvets.2022.853044

Frydas, I. S., Verbeeck, M., Cao, J., and Nauwynck, H. J. (2013). Replication
characteristics of porcine reproductive and respiratory syndrome virus (PRRSV)
European subtype 1 (Lelystad) and subtype 3 (Lena) strains in nasal mucosa and cells
of the monocytic lineage: indications for the use of new receptors of PRRSV (Lena). Vet.
Res. 44:73. doi: 10.1186/1297-9716-44-73

Gan, L., Xie, L., Zuo, E, Xiang, Z., and He, N. (2015). Transcriptomic analysis of
Rongchang pig brains and livers. Gene 560, 96-106. doi: 10.1016/j.gene.2015.01.051

Gujar, R. K., Meena, A., Chouhan, S. S., and Likhar, K. S. (2021). Hematological
profiles of COVID-19 patients at the Ratlam district, Madhya Pradesh state. India.
Bioinformation 17, 686-690. doi: 10.6026/97320630017686

Han, D, Hu, Y, Li, L., Tian, H., Chen, Z., Wang, L., et al. (2014). Highly pathogenic
porcine reproductive and respiratory syndrome virus infection results in acute lung
injury of the infected pigs. Vet. Microbiol. 169, 135-146. doi: 10.1016/j.
vetmic.2013.12.022

He, Q, Li, Y., Zhou, L., Ge, X., Guo, X., and Yang, H. (2015). Both Nsp1lbeta and Nsp11
are responsible for differential TNF-alpha production induced by porcine reproductive
and respiratory syndrome virus strains with different pathogenicity in vitro. Virus Res.
201, 32-40. doi: 10.1016/j.virusres.2015.02.014

Karakhanova, S., Mosl, B., Harig, S., von Ahn, K., Fritz, J., Schmidt, J., et al. (2014).
Influence of interferon-alpha combined with chemo (radio) therapy on immunological
parameters in pancreatic adenocarcinoma. Int. J. Mol. Sci. 15, 4104-4125. doi: 10.3390/
ijms15034104

Kong, C., Li, D., Hu, Y,, Gao, P, Zhang, Y., Zhou, L., et al. (2023). The genetic variation
of porcine reproductive and respiratory syndrome virus Replicase protein nsp2
modulates viral virulence and persistence. J. Virol. 97:€0168922. doi: 10.1128/
jv.01689-22

Frontiers in Microbiology

10.3389/fmicb.2023.1283039

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmicb.2023.1283039/
full#supplementary-material

Kosidto, J. W., Wolszczak-Biedrzycka, B., Matowicka-Karna, J., Dymicka-Piekarska, V.,
and Dorf, J. (2023). Clinical significance and diagnostic utility of NLR, LMR, PLR and
SII in the course of COVID-19: a literature review. J. Inflamm. Res. 16, 539-562. doi:
10.2147/jir.8395331

Li, J., Meng, K., Wang, Y., Wang, Z., Peng, J., Ren, S., et al. (2023). Comparison of the
cross-protection of PPRSV sublineage 8.7 MLV vaccines against the recombinant
NADC30-like strain. Vet. Microbiol. 281:109724. doi: 10.1016/j.vetmic.2023.
109724

Li, Y, Zhou, L., Zhang, ], Ge, X., Zhou, R., Zheng, H., et al. (2014). Nsp9 and Nsp10
contribute to the fatal virulence of highly pathogenic porcine reproductive and
respiratory syndrome virus emerging in China. PLoS Pathog. 10:¢1004216. doi: 10.1371/
journal.ppat.1004216

Liang, W, Li, Z., Wang, P, Fan, P, Zhang, Y., Zhang, Q,, et al. (2016). Differences of
immune responses between Tongcheng (Chinese local breed) and large white pigs after
artificial infection with highly pathogenic porcine reproductive and respiratory
syndrome virus. Virus Res. 215, 84-93. doi: 10.1016/j.virusres.2016.02.004

Lin, W. H., Kaewprom, K., Wang, S. Y,, Lin, C. E, Yang, C. Y., Chiou, M. T, et al.
(2020). Outbreak of porcine reproductive and respiratory syndrome virus 1 in Taiwan.
Viruses 12:v12030316. doi: 10.3390/v12030316

Liu, J., Liu, C., Xu, Y., Yang, Y,, Li, J., Dai, A., et al. (2022). Molecular characteristics
and pathogenicity of a novel recombinant porcine reproductive and respiratory
syndrome virus strain from NADC30-, NADC34-, and JXA1-like strains that emerged
in China. Microbiol Spectr 10:e0266722. doi: 10.1128/spectrum.02667-22

Long, E, Chen, Y,, Shi, K., Yin, Y., Feng, S., and Si, H. (2023). Development of a
multiplex crystal digital RT-PCR for differential detection of classical, highly pathogenic,
and NADC30-like porcine reproductive and respiratory syndrome virus. Animals
(Basel) 13:594. doi: 10.3390/ani13040594

Ma, X., Wang, P, Zhang, R., Zhao, Y., Wu, Y,, Luo, C,, et al. (2022). A NADC30-like
PRRSV causes serious intestinal infections and tropism in piglets. Vet. Microbiol.
268:109397. doi: 10.1016/j.vetmic.2022.109397

Ma, Z., Yu, Y, Xiao, Y., Opriessnig, T., Wang, R., Yang, L., et al. (2016). Sustaining
interferon induction by a high-passage atypical porcine reproductive and respiratory
syndrome virus strain. Sci. Rep. 6:36312. doi: 10.1038/srep36312

Madapong, A., Saeng-Chuto, K., Boonsoongnern, A., Tantituvanont, A., and
Nilubol, D. (2020). Cell-mediated immune response and protective efficacy of porcine
reproductive and respiratory syndrome virus modified-live vaccines against co-
challenge with PRRSV-1 and PRRSV-2. Sci. Rep. 10:1649. doi: 10.1038/
541598-020-58626-y

Marcal, P. H. F, Gama, R. S., Pereira de Oliveira, L. B., Martins-Filho, O. A.,
Pinheiro, R. O,, Sarno, E. N, et al. (2020). Functional biomarker signatures of circulating
T-cells and its association with distinct clinical status of leprosy patients and their
respective  household contacts. Infect. Dis. Poverty 9:167. doi: 10.1186/
540249-020-00763-7

Meng, C., Su, L., Li, Y., Zhu, Q,, Li, J., Wang, H., et al. (2018). Different susceptibility
to porcine reproductive and respiratory syndrome virus infection among Chinese native
pig breeds. Arch. Virol. 163, 2155-2164. doi: 10.1007/s00705-018-3821-y

Moore, K. W,, de Waal Malefyt, R., Coffman, R. L., and O'Garra, A. (2001).
Interleukin-10 and the interleukin-10 receptor. Annu. Rev. Immunol. 19, 683-765. doi:
10.1146/annurev.immunol.19.1.683

Morgan, S. B,, Graham, S. P, Salguero, F. J., Sanchez Cordon, P. J., Mokhtar, H.,
Rebel, J. M., et al. (2013). Increased pathogenicity of European porcine reproductive and
respiratory syndrome virus is associated with enhanced adaptive responses and viral
clearance. Vet. Microbiol. 163, 13-22. doi: 10.1016/j.vetmic.2012.11.024

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1283039
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmicb.2023.1283039/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2023.1283039/full#supplementary-material
https://doi.org/10.1016/j.vetimm.2015.02.003
https://doi.org/10.1038/s41467-019-12408-x
https://doi.org/10.1099/jgv.0.001632
https://doi.org/10.1080/00016489.2016.1267406
https://doi.org/10.3390/diagnostics12010122
https://doi.org/10.1111/ijcp.14781
https://doi.org/10.1016/j.virol.2006.03.046
https://doi.org/10.3389/fvets.2022.853044
https://doi.org/10.1186/1297-9716-44-73
https://doi.org/10.1016/j.gene.2015.01.051
https://doi.org/10.6026/97320630017686
https://doi.org/10.1016/j.vetmic.2013.12.022
https://doi.org/10.1016/j.vetmic.2013.12.022
https://doi.org/10.1016/j.virusres.2015.02.014
https://doi.org/10.3390/ijms15034104
https://doi.org/10.3390/ijms15034104
https://doi.org/10.1128/jvi.01689-22
https://doi.org/10.1128/jvi.01689-22
https://doi.org/10.2147/jir.S395331
https://doi.org/10.1016/j.vetmic.2023.109724
https://doi.org/10.1016/j.vetmic.2023.109724
https://doi.org/10.1371/journal.ppat.1004216
https://doi.org/10.1371/journal.ppat.1004216
https://doi.org/10.1016/j.virusres.2016.02.004
https://doi.org/10.3390/v12030316
https://doi.org/10.1128/spectrum.02667-22
https://doi.org/10.3390/ani13040594
https://doi.org/10.1016/j.vetmic.2022.109397
https://doi.org/10.1038/srep36312
https://doi.org/10.1038/s41598-020-58626-y
https://doi.org/10.1038/s41598-020-58626-y
https://doi.org/10.1186/s40249-020-00763-7
https://doi.org/10.1186/s40249-020-00763-7
https://doi.org/10.1007/s00705-018-3821-y
https://doi.org/10.1146/annurev.immunol.19.1.683
https://doi.org/10.1016/j.vetmic.2012.11.024

Zhang et al.

Rodriguez-Gomez, I. M., Sanchez-Carvajal, J. M., Pallares, E. J., Mateu, E., Carrasco, L.,
and Gomez-Laguna, J. (2019). Virulent Lena strain induced an earlier and stronger
downregulation of CD163 in bronchoalveolar lavage cells. Vet. Microbiol. 235, 101-109.
doi: 10.1016/j.vetmic.2019.06.011

Sassi, A., Louzir, H., Ben Salah, A., Mokni, M., Ben Osman, A., and Dellagi, K. (1999).
Leishmanin skin test lymphoproliferative responses and cytokine production after
symptomatic or asymptomatic Leishmania major infection in Tunisia. Clin. Exp.
Immunol. 116, 127-132. doi: 10.1046/j.1365-2249.1999.00844.x

Sundaram, K.R., Dwivedi, S.N., and Sreenivas, V. (2010). Medical statistics: Principles
& methods. Tunbridge Wells: Anshan B.I. Publications Pvt. Ltd.

Tantuoyir, M. M., and Rezaei, N. (2021). Serological tests for COVID-19: potential
opportunities. Cell Biol. Int. 45, 2199-2200. doi: 10.1002/cbin.11686

Tian, K. (2017). NADC30-like porcine reproductive and respiratory syndrome in
China. Open Virol J 11, 59-65. doi: 10.2174/1874357901711010059

Tian, Z.J., An, T. Q, Zhou, Y. J., Peng, J. M., Hu, S. P, Wei, T. C,, et al. (2009). An
attenuated live vaccine based on highly pathogenic porcine reproductive and respiratory
syndrome virus (HP-PRRSV) protects piglets against HP-PRRS. Vet. Microbiol. 138,
34-40. doi: 10.1016/j.vetmic.2009.03.003

Tian, K., Yu, X, Zhao, T., Feng, Y., Cao, Z., Wang, C., et al. (2007). Emergence of fatal
PRRSV variants: unparalleled outbreaks of atypical PRRS in China and molecular
dissection of the unique hallmark. PLoS One 2:¢526. doi: 10.1371/journal.pone.0000526

Tong, G. Z., Zhou, Y. J., Hao, X. E, Tian, Z.J., An, T. Q,, and Qiu, H. J. (2007). Highly
pathogenic porcine reproductive and respiratory syndrome. China. Emerg Infect Dis 13,
1434-1436. doi: 10.3201/eid1309.070399

Wang, H. M,, Liu, Y. G,, Tang, Y. D,, Liu, T. X,, Zheng, L. L., Wang, T. Y,, et al. (2018).
A natural recombinant PRRSV between HP-PRRSV JXA1-like and NADC30-like
strains. Transbound. Emerg. Dis. 65, 1078-1086. doi: 10.1111/tbed.12852

Frontiers in Microbiology

11

10.3389/fmicb.2023.1283039

Xing, ], Xing, E, Zhang, C., Zhang, Y., Wang, N,, Li, Y, et al. (2014). Genome-wide
gene expression profiles in lung tissues of pig breeds differing in resistance to porcine
reproductive and respiratory syndrome virus. PLoS One 9:¢86101. doi: 10.1371/journal.
pone.0086101

You, X,, Li, G,, Lei, Y., Xu, Z., Zhang, P, and Yang, Y. (2023). Role of genetic factors in
different swine breeds exhibiting varying levels of resistance/susceptibility to PRRSV.
Virus Res. 326:199057. doi: 10.1016/j.virusres.2023.199057

Zhang, H., Leng, C., Ding, Y., Zhai, H., Li, Z., Xiang, L., et al. (2019). Characterization
of newly emerged NADC30-like strains of porcine reproductive and respiratory
syndrome virus in China. Arch. Virol. 164, 401-411. doi: 10.1007/s00705-018-4080-7

Zhang, L, Liu, J., Bai, J., Wang, X, Li, Y., and Jiang, P. (2013). Comparative expression
of toll-like receptors and inflammatory cytokines in pigs infected with different virulent
porcine reproductive and respiratory syndrome virus isolates. Virol. J. 10:135. doi:
10.1186/1743-422X-10-135

Zhang, B., Zhou, X., Zhu, C,, Song, Y., Feng, F, Qiu, Y,, et al. (2020). Immune
phenotyping based on the neutrophil-to-lymphocyte ratio and IgG level predicts disease
severity and outcome for patients with COVID-19. Front. Mol. Biosci. 7:157. doi:
10.3389/fmolb.2020.00157

Zhou, Y. ], Hao, X. E, Tian, Z.]., Tong, G. Z., Yoo, D., An, T. Q, et al. (2008). Highly
virulent porcine reproductive and respiratory syndrome virus emerged in China.
Transbound. Emerg. Dis. 55, 152-164. doi: 10.1111/j.1865-1682.2008.01020.x

Zhou, L., Wang, Z., Ding, Y., Ge, X., Guo, X., and Yang, H. (2015). NADC30-like strain
of porcine reproductive and respiratory syndrome virus. China. Emerg Infect Dis 21,
2256-2257. doi: 10.3201/e1d2112.150360

Zhou, L., Yang, Y., Xia, Q. Guan, Z., Zhang, J., Li, B., et al. (2022). Genetic
characterization of porcine reproductive and respiratory syndrome virus from eastern
China during 2017-2022. Front. Microbiol. 13:971817. doi: 10.3389/fmicb.2022.971817

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1283039
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1016/j.vetmic.2019.06.011
https://doi.org/10.1046/j.1365-2249.1999.00844.x
https://doi.org/10.1002/cbin.11686
https://doi.org/10.2174/1874357901711010059
https://doi.org/10.1016/j.vetmic.2009.03.003
https://doi.org/10.1371/journal.pone.0000526
https://doi.org/10.3201/eid1309.070399
https://doi.org/10.1111/tbed.12852
https://doi.org/10.1371/journal.pone.0086101
https://doi.org/10.1371/journal.pone.0086101
https://doi.org/10.1016/j.virusres.2023.199057
https://doi.org/10.1007/s00705-018-4080-7
https://doi.org/10.1186/1743-422X-10-135
https://doi.org/10.3389/fmolb.2020.00157
https://doi.org/10.1111/j.1865-1682.2008.01020.x
https://doi.org/10.3201/eid2112.150360
https://doi.org/10.3389/fmicb.2022.971817

	Characterization of Rongchang piglets after infection with type 2 porcine reproductive and respiratory syndrome virus strains differing in pathogenicity
	Introduction
	Materials and methods
	Cells and viruses
	Animal experiments
	Routine blood tests
	Estimation of the viral load
	Detection of cytokines and antibodies
	Statistical analysis
	Animal welfare statement

	Results
	Clinical manifestations of two PRRSV strains in pigs
	Macroscopic and microscopic lesions in the lungs and lymph nodes
	Comparison of hematological responses
	Viral RNA load in blood and tissues
	Antibody responses in HuN4 and SD53-1603 infected piglets
	Expression levels of cytokines in serum

	Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

