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Abstract

Background: Porcine reproductive and respiratory syndrome virus (PRRSV) is an
enveloped RNA virusinthe order Nidovirales, family Arteriviridae, genus Betaarterivirus.
Antibodies against nonstructural proteins (NSPs) from this virus can be found in pigs
starting 4 days postinfection and they remain detectable for several months.
Objective: The goal of this study was to evaluate the immunogenicity and antigenic
properties of recombinant proteins NSP1 and NSP11 expressed in Escherichia coli cells,
as well as to assess the neutralization activity that they elicit.

Methods: We obtained the complete ORF-1 genes coding for NSP1 and NSP11 from
PRRSV using the VR-2332 strain. Cloning was performed with the pET23a(+) vector
with a histidine tag (Hisé), linearized by restriction enzyme digestion; the expression
of the NSP1 and NSP11 clones was induced in OverExpress C41(DE3) chemically com-
petent cells. Recombinant proteins were used to generate hyperimmune sera and we
perform serological assays to confirm neutralizing antibodies.

Results: The expressed recombinant NSP1 and NSP11 were found to be immunogenic
when injected in pigs, as well as demonstrated higher specificity in recognition of anti-
gen in field sera from pigs positive infected with PRRSV. Furthermore, both NSP1 and
NSP11 recombinant proteins elicited PRRSV neutralizing antibodies.

Conclusions: In this study, we demonstrated the immune humoral response to NSP 1
and NSP11, and neutralizing-antibody response to PRRSV VR2332 strain in sera from

hyperimmunized pigs.
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1 | INTRODUCTION

The causal agent of porcine reproductive and respiratory syndrome
(PRRS) is an enveloped RNA virus from the order Nidovirales, fam-
ily Arteriviridae, genus Betaarterivirus, subgenus Ampobarterivirus. The
PRRS virus (PRRSV) has two known variants: Betaarterivirus suid 1, pre-
viously known as PRRSV-1, and B. suid 2, previously known as PRRSV-2
(King et al., 2018). Because PRRS increases fetal death rates by 20%-
30% (Goyal, 1993), it has a strong negative economic impact on pork
production. In the United States, economic losses due to PRSS have
been estimated at 664 million dollars annually. On pig farms alone,
losses are calculated at 302.06 million dollars, chiefly due to lower
prices at time of weaning (Holtkamp et al., 2013; Neumann et al., 2005).

There are commercial vaccines available on the market worldwide,
the most widely used contain the entire genome based on modified
active virus (MLV) or inactive form. Most PRRS vaccines elicit specific
humoral and cellular immune responses that confer protection against
homologous parental strains and partial protection to heterologous
strains, but there are safety concerns, such as a high mutation rate that
causes reversion to virulence and recombination between vaccines and
field strains ( Renukaradhya et al., 2015), in addition, the response they
induce is late, which confers partial protection when the animals face
the field virus. (Renukaradhya et al., 2015).

While previous studies have focused on the immune response
against PRRSV structural proteins like N or GP5, their high variability
and poor individual response to the virus have prevented us from find-
ing a feasible strategy against this pathogen agent (Chand et al., 2012;
Renukaradhya et al., 2015). Besides, we have demonstrated the neu-
tralization capacity of NSP1 (Leng et al., 2017; Su et al., 2019), which
have been used in this study.

PRRSV infects cells that participate in both the innate and the adap-
tive immune response, such as macrophages ‘particularly with alveolar
location and dendritic cells’ (Lunney et al., 2010; Rossow, 1998; Welch
& Calvert, 2010). NSP 11 has a function similar to NSP1 and antago-
nizes IFN type |, specifically IFNB production (Montaner-Tarbes et al.,
2019). An anti-NSP11 monoclonal antibody (mADb) created to test reac-
tivity against genotype 1 and genotype 2 PRRSV was able to induce
humoral immune response in PRRSV infected pigs. Furthermore, a B-
cell epitope on the surface of NSP11 using a specific mAb was also able
to induce humoral immune response in pigs infected with PRRSV (Jiang
et al,, 2017). The goal of this study was to evaluate immunogenicity, as
well as the neutralization ability of recombinant NSP1 and NSP11 to
contribute towards potential development of new generation PRRSV

vaccines.

2 | MATERIALS AND METHODS
2.1 | Propagating PRRSV

To replicate PRRSV, we infected MA-104 line cells (ATCC® CRL-
2378.1; Benfield et al., 1992) with the PRRSV ATCC® VR-2332 strain.
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The cells were propagated in Eagle’s minimal essential medium (MEM),
supplemented with L-glutamine and 10% fetal bovine serum (FBS).
We resuspended 5 x 10¢ cells in 150 ul, adding as much of Dul-
becco’s modified MEM (DMEM) supplemented with 1000 Ul peni-
cillin/streptomycin and 2% FBS as required to complete 5 ml. Virus
replication was verified by quantitative RT-PCR (qRT-PCR) using the
POCKIT™ PRRSV Reagent Set kit, following the manufacturer’s direc-
tions, in a Rotor-Gene thermocycler (Corbett Research, Sydney, Aus-
tralia).

2.2 | Producing recombinant proteins, cloning and
expressing NSP1 and NSP11

We designed specific primers to amplify the entire ORF-1 genes that
code for NSP1 and NSP11 from the PRRSV ATCC VR-2332 strain,
via RT-PCR. These primers end sequences incorporated BamHI, Xhol
and EcoR1 (Table 1), which correspond to enzymatic restriction sites.
We obtained viral RNA using the OneStep RT-PCR Kit® (Qiagen,
Hilden, Germany), following the manufacturer’s instructions. The sam-
ples were amplified for 35 cycles, preceded by an initial cDNA cycle
at 50°C for 30 min and a denaturing stage at 95°C for 15 min. A final
extension cycle was performed at 72°C for 10 min. We used a master-
cycler gradient thermocycler (Eppendorf, Hamburg, Germany) to carry
out the RT-PCR, and both primers and test conditions are shown in
Table 1.

We verified the presence of amplified fragments on 2% agarose
gels with tris-acetate-EDTA buffer (TAE 1X) by staining with ethid-
ium bromide and observing samples in a transilluminator. We used a
pET23a(+) vector with a histidine tag (His6), linearized by restriction
enzyme digestion, for cloning with an In-Fusion HD Plus Complete
Cloning System kit (Clontech Laboratories, Mountain View, CA), fol-
lowing the manufacturer’s instructions. BL21 Stellar Competent Cells
(Clontech Laboratories) were transformed with the recombinant plas-
mid. To verify cloning (vector-insert), the cultures were purified with
the QIAprep® Spin Miniprep kit (Qiagen). The identity of obtained
amplicons was verified by sequencing. The expression of the NSP1
and NSP11 clones was induced in OverExpress™ C41(DE3) chemically
competent cells (Sigma-Aldrich, St. Louis, MO) with 1 mM IPTG 1 mM
at 37°C for 6 and 8 h, respectively. Induced cells were recovered and
lysed in a buffer containing Tris-HCI 50 mM pH 8.0, NaCl 100 mM and
EDTA 1 mM. The expressed proteins were assessed by 12% SDS-PAGE
at 110V for 140 min and stained with Coomassie blue.

2.3 | Purifying recombinant NSP1 and NSP11

Histidine-tagged, recombinant NSP1 and NSP11 were purified in a His-
Trap HP affinity column (GE Healthcare Life Sciences, Chicago, IL) by
affinity chromatography with an AKTAprime Plus system (GE Health-
care Life Sciences), following the manufacturer’s protocol. The Lowry

method was chosen to quantify eluted proteins.
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TABLE 1 Primers and reaction conditions to generate ORF-1 NSPs from the PRRSV genome
Temperature Cycle time

NSP Sequence (5’- 3') Size (pb) (°C) (s)

NSP1? F:5'GCGGATCC/GAATTC/TCTGGGATACTTGATCGGTG 1148 A 94 60
EcoR1 B57 60
R:5'GGTGGTGGTG/CTCGAG/GCCGTACCACTTGTGAC Cc72 120
Xho1l

NSP11 F:5’AATGGGTCGC/GGATCC/AGCGTGTTGTAGATTCTCTCCG 750 A 94 60
BamHI B 54 60
R:5'GGTGGTGGTG/CTCGAG/CATAGCTGGCAAGCTGATACC Cc72 120
Xhol

PCR denaturation (A), alignment (B) and extension (C) temperatures. In each stage, the temperature was maintained for the time shown in the next column.

2Modified from Brown et al. (2009).

24 |
blot

Characterizing NSP1 and NSP11 by western

We transferred eluted proteins to a PVDF membrane and performed
1D/2D SDS-PAGE at 110 V for 1 h (4°C). Following protein separa-
tion, the membranes were blocked with 3% BSA in PBS-T for 1 h. After
this, membranes were washed with PBS-T and incubated for 1 h with
a mouse monoclonal antibody (Roche Diagnostics, Basel, Switzerland)
targeting the Hisé label of the recombinant product, in a 1:4000 dilu-
tion. The membranes were then washed with PBS-T and incubated for
1 h with mouse anti-mouse polyclonal antibody, IgG isotype, linked to
horseradish peroxidase (Sigma) in a 1:2000 dilution. We visualized the
reaction using 3 mg/ml 3,3-diaminobenzidine (Sigma) in PBS-T and 30%
hydrogen peroxide in a 1:1000 dilution.

2.5 | Producing hyperimmune sera to NSPs

We immunized four York-Landrace pigs from a PRRS-free farm, two
pigs each received either recombinant NSP1 or NSP11. The absence
of anti-PRRSV antibodies was verified using the commercial HerdChek
PRRS 2XR Ab ELISA test (IDEXX, Westbrook, MA). Each pig was vacci-
nated four times at 15 day intervals with 100 ug protein doses ina 1:1
protein-Montanide adjuvant emulsion, via deep intramuscular route in
the neck. We established a baseline using a blood sample taken before
the first immunization. Then, blood samples were taken 7 days follow-
ing each immunization, to monitor serum antibody titres and deter-

mine when peak antibody titres occurred via ELISA tests.

2.6 | Western blot for hyperimmune sera

To confirm PRRSV recognition by pig hyperimmune sera, we performed
a western blot assay. MA-104 cells were infected with the PRRSV
ATCC VR-2332 strain, then 48 h after infection we recovered virions
from the infected cell monolayer with the RIPA lysis and extraction
buffer (Thermo Scientific, Waltham, MA), following the manufacturer’s
instructions. Viral particles were transferred to a PVDF membrane and
performed a 1D/2D SDS-PAGE at 110V for 1 h (4°C). Upon separation,
the membranes were blocked with 3% BSA in PBS-T for 1.5 h, they were

thenwashed with PBS-T and incubated for 2 h with hyperimmune NSP1
or NSP11 serum in 1:25 and 1:50 dilutions, respectively. We washed
the membranes three times with PBS-T and incubated for 1 h with anti-
swine polyclonal antibody, I1gG isotype, linked to horseradish peroxi-
dase (Sigma) in a 1:2000 dilution. The reaction was visualized using
3 mg/ml 3,3-diaminobenzidine (Sigma) in PBS-T and 30% hydrogen per-
oxide in a 1:1000 dilution.

2.7 | Antigenicity of recombinant NSPs

To determine the antigenicity of the recombinant proteins, we devel-
oped an ELISA method (ELISA “in house”) using purified recombinant
NSPs as antigen sources and following the previous report (Garcia-
Plata, 2016). We used 50 negative and 50 positive sera (commercial kit)
from pigs belonging to farms where PRRSV is present, and then com-
pared the results with an ELISA “in house”.

Before tests on field sera were run, we tested the purified recombi-
nant proteins against known positive sera identified with high antibody
titres and found recognition by these sera against both proteins.

We coated 96-well plates (MicroWell, Nunc-Immuno, Thermo Sci-
entific) with the purified NSP1 or NSP11 recombinant protein using
0.1 ug/ml per well and diluted in carbonate buffer. The wells were incu-
bated overnight at 4°C, then washed three times with 3% PBS-Tween
BSA, blocked with 1% PBS-BSA and incubated for 60 min at 37°C, then
the plates were washed three times with PBS-Tween.

Serum samples were diluted 1:100 in 1% PBS-BSA dilution buffer on
each plate, with hyperimmune sera for each recombinant NSP included
as positive controls and baseline sera from the hyperimmunized pigs
included as negative controls. Plates were incubated for 60 min at
37°C,then washed three times with PBS-Tween 3%. We added 100 ul of
1:120 000 dilution peroxidase-linked secondary antibody (anti-pig IgG,
Sigma-Aldrich) to each well and then incubated the plates for 60 min at
37°C. Each serum was tested in duplicate. After washing the plates as
described above, the reaction was visualized using 100 ul per well with
tetra-methyl benzidine (TMB, Invitrogen, Carlsbad, CA) and stopped
after 30 min with 0.2 M sulfuric acid. Absorbance was measured in an
Epoch monochromator spectrophotometer (BioTek, Winooski, VT) at a
wavelength of 450 nm.
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TABLE 2 PRRSV concentration as determined by qRT-PCR in
different cell passages

Name Type cT Copies/ul
PRRSC(+) Test positive control 29.61 199 679036
VR2332 Virus 1st passage MA-104 32.71 1462606
VR2332 Virus 2nd passage MA-104 32.65 1619783
VR2332 Virus 3rd passage MA-104 29.86 133309614

The cut-off point to distinguish negative and positive samples was
calculated as the mean reading of negative controls plus twice the stan-
dard deviation. Values below this limit were considered negative and
any value above this point was regarded as positive. We calculated
assay sensitivity as TP/(TP + FN) x 100, and specificity as TN/(TN + FP)
x 100, where TP, TN, FP, and FN stand for the number of true nega-
tive, true positive, false positive and false negative results, respectively
(OIE, 2019). We also calculated the kappa concordance coefficient.

2.8 | Serum neutralization

A serum neutralization assay was performed to estimate the NSPs neu-
tralizing capacity of hyperimmune sera. Sera were heat inactivated at
56°C for 30 min, and then serum neutralization assay was performed
following the method described by Leng et al., 2017 with some modifi-
cations. We diluted hyperimmune sera for NSP1 or NSP11 using a two-
fold serial dilution in MEM. Then, 100 ul of each diluted sample was
mixed with an equal volume of the PRRSV (ATCC, VR2332) strain (100,
300, 500 and 1000 TCID50%).The mixtures were incubated for 1 h at
37°C and then transferred to a 96-well plate containing confluent MA-
104 cell monolayers prepared 24 earlier. The plates were incubated at
room temperature for 60 min, and then they were kept at 37°C under
5% CO, for 96 h and monitored daily for CPE. The presence of virus-
specific CPE in each well was recorded after 96 h of incubation. The
neutralization antibody (NA) titre of each hyperimmune serum sample

against the PRRSV was calculated using the Reed-Miench method.

3 | RESULTS

3.1 | Replication and cloning of recombinant
proteins

We confirmed replication of PRRSV in MA-104 cells via qRT-PCR
(Table 2). The ORF-1 genes amplified were of 1148 bp is for NSP1
and 750 bp for NSP11 (Figure 1). NSP1 and NSP11 recombinant were
analyzed by SDS-PAGE (Figure 2). Un-purified NSP1 and NSP11 are
shown in lanes 1 and 2, respectively (Figure 2). Purified NSP1, with an
expected molecular weight of 40.26 kDa, is shown in lanes 3 and 4,
while NSP11, with an expected molecular weight of 27.5 kDa (includ-

ing N’-terminal poly-histidine), is shown in lanes 7 and 8.

1148 bp

FIGURE 1 RT-PCR Gradients for amplification of the Nsp1 and
Nsp11 proteins. 2% agarose gel. Amplicons used by RT-PCR were
analyzed in an electrophoresis chamber using a molecular weight
marker of 100-12,000 bp and 100-1000 bp (M). Nsp1 (1-4), Nsp11
(5-7), 58° (8) Positive control (ORF7)

3.2 | Purification and yield of recombinant proteins
Expressed proteins are located in the insoluble fraction of bacterial
cells and were purified by inclusion antibodies under denaturation con-
ditions. We obtained fractions in the concentration peaks in a poly-
acrylamide gel, and the presence of pure proteins was verified. Produc-
tion yield was 597.5 ug/ml for NSP1 and 201.7 ug/ml for NSP11. Both
recombinant proteins reacted with anti-Hisé antibodies in immuno
transfer. We found antigen and complete virus recognition for NSP1
or NSP11 in the different dilutions that were used in the western blot

testing of hyperimmune sera (Figure 3).

3.3 | Hyperimmune sera

Pigs immunized with recombinant NSPs seroconverted at different
times postinoculation (Figure 4). Specific antibodies against NSP1 were
detectable between days 30 and 45 postinfection and anti-NSP11 anti-
bodies were detected on day 15 postinfection, the highest levels were
observed on day 60, with an optical density value of 1.035.

3.4 | Specificity and sensitivity of recombinant
proteins

Sera obtained from five different states of Mexico were tested with
commercial ELISA kit. We used 50 positive sera and 50 negative sera to
confront with NSP1 and NSP11 inthe ELISA in house. The recombinant
NSP1 detected specific anti-NSP1 antibodies in 92 out of 100 serum
samples (98.03% specificity and 53.8% sensitivity), while recombinant
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FIGURE 2 NSP1 expressionin OverExpress™ chemically competent cells. 12% polyacrylamide gel. Total NSP1 proteins (1-4) and NSP11
(5-8). All samples were analyzed using a molecular weight marker as a reference value in kDa (M). Time: NSP1=2h (2), NSP11=4h (3),NSP1=6

h(4),NSP11=0h(5),NSP11=2h(6),NSP11=4h (7),NSP11=6h(8)
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FIGURE 3 Hyperimmune serum against NSP1 and NSP11
detected by Western blot with anti-pig IgG, compared with whole
PRRSV VR2332 strain. Molecular weight marker as a reference value
in kDa (M); hyperimmune serum for NSP1 (SH aNSP1); hyperimmune
serum for NSP11 (SH aNSP11)

NSP11 detected 99 out of 100 positive serum samples (99% specificity
and 50.5% sensitivity) (Table 3).

3.5 | Neutralization antibody

We detected antibodies for NSP1, NSP11 and PRRSV in hyperimmune
sera. Negative serum samples showed no response to the test and the
cytopathic effect to differentiate positive from negative responses was
evident in cell cultures (Figure 5). Hyperimmune sera showed a bet-
ter response at lower infecting doses (100 and 300). For NSP1, we
obtained protective titres of 1:32 at an infectious dose of 100, and of
1:16 titres at an infectious dose of 300. We found protective titres of
1:8 and 1:4 for NSP11 at infectious doses of 100 and 300, respectively.
At higher infective doses (500 and 1000) we observed lower serum
neutralizing responses (Table 4).

4 | DISCUSSION

No effective anti-PRRSV vaccine has been developed yet, and although
DNA, subunit and attenuated vaccines have been tested, their poten-
tial as a substitute of the MLV anti-PRRS vaccine currently in use, is
uncertain (Nanetal., 2017). An early and long-lasting immune response
against PRRSV NSPs could be the key to this goal.

Some studies have reported the production of hyperimmune sera
against PRRSV in mice (Bi et al., 2017), or by inoculating pigs with pep-
tides (Diaz et al., 2009). In both these cases, the hyperimmune serum is
targeted to B-cell epitopes, which have a higher probability of generat-
ing antibodies. On the other hand, PRRSV NSPs play a key role in the
processing and maturation of the virion structural repertoire. Swine
are known to mount antibody responses to these proteins with signif-
icant cross-reactivity, which seems to be equal to or higher than that

induced by nucleocapsid protein (Johnson et al., 2007).
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FIGURE 4 Time-course for seroconversion of pigs inoculated with recombinant NSP1 and NSP11. Serum samples were taken on days O, 15,

30, 45 and 60 postimmunizations

TABLE 3 Comparison between ELISA, ELISA NSP1 and ELISANSP11

STATE ELISA ELISANSP1 ELISANSP11 Reactivity (positive/negative)
(+) (=) (+) (=) (+) (=) ELISA Nspl Nsp11

Sonora 10 10 19 1 0 10/10 19/1 20/0
Jalisco 10 10 15 5 20 0 10/10 15/5 20/0
Michoacdn 10 10 20 0 20 0 10/10 20/0 20/0
Guanajuato 10 10 20 0 20 0 10/10 20/0 20/0
Yucatdn 10 10 18 2 19 1 10/10 18/2 19/1
TOTAL 50 50 92 8 99 1 50/50 92/8 99/1
% 50% 50% 92% 8% 99% 1%

Additionally, early antibody detection could play an important role
in surveillance and in the implementation of preventive measures
against the virus PRRSV inhibits the expression of type-I (a/p) inter-
feron (IFN), which in turn induces the synthesis inhibition of several
antiviral proteins (Darwich et al., 2010; Yoo et al., 2010). Type-I IFN
expression interference is largely due to the capacity of NSPs to inhibit
the IFN-B promoter by blocking IRF3 translocation and inhibiting NF-
xB (Rascon-Castelo et al., 2015). Additionally, the expression of IL-10 is
induced, while that of IL-1 and TNF-« is inhibited. This causes a limited
inflammatory response, which in turn leads to a less effective adaptive
response, resulting in delayed production of neutralizing antibodies
until 3-4 weeks postinfection (Flores-Mendoza & Hernandez, 2010).

The Western blot assay results (Figure 3) also indicated that whole
PRRSV cultured in MA-10* cells can be recognized by the hyperim-
mune sera specific for whole NSPs. This is very important because
NSPs are available for antigenic presentation through MHC-I and -
Il from the earliest moments of infection. Cytolytic infection also
releases viral proteins into interstitial spaces, generating a strong anti-
body response, equivalent to the immune response to structural pro-
teins (Brown et al., 2009). Early response to NSPs indicates that these
proteins are shown on the surface of infected cells for their presenta-

tion to B cells. On the other hand, anti-NSP antibodies can be detected
early during viral infection at levels that depend on their immunogenic-
ity and abundance (Johnson et al., 2007). Neutralizing antibody titres
are produced in piglets inoculated with chimeric viruses, where the
5’ untranslated region (UTR) + open reading frame (ORF) 1a, ORF1b
and ORF2-7 + 3’UTR was exchanged between two infectious strains,
that study also found that ORF1ais also a PRRSV neutralization region
(Leng et al., 2017); several works have focused in detecting antibod-
ies against viral structural proteins (Cancel-Tirado et al., 2004; Diaz
et al., 2009; Wootton et al., 1998). These justifies the use of NSPs as
components of a candidate vaccine that could elicit an early, protective
immune response against PRRSV.

The time-course of antibody response showed that antibody
response to NSP7 is comparable to the response to NSP1 and NSP2,
as well as to the antigens used in the IDEXX commercial ELISA kit
(Brown et al., 2009). Recombinant NSP1 and NSP11 demonstrated to
be immunoreactive: NSP1 was recognized by 98.03% of serum sam-
ples known to be positive, and NSP11 was recognized by 100% of those
samples.

Our study found that several serum samples previously labelled as
negative are now identified as positive, due to higher test sensitivity
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FIGURE 5 Cytopathic effect of PRRSV VR2332 strain at different concentrations. (a) Negative control; (b) 100 ID; (c), 300 ID; (d) 500 ID; and
(e) 1000 ID. MA-104 cell monolayer, confluence 80% at 96 h postinfection. Microphotography under inverted microscope 40x and crystal violet

stain. ID: infective dose

TABLE 4 Neutralizing antibody titres for different PRRSV
infecting doses in a serum neutralization assay

Serum Titre with infecting dose

100 300 500 1000
SH NSP1 32 16 8 4
SHNSP11 8 4 4 4
SHVR2332 8 4 4 2
Negative serum 0 0 0 0

Titres are expressed as the inverse of serum dilution.

when using NSP1 or NSP11 as the antigen source. Given the cur-
rent lack of an effective vaccine, there exists a great need for the
development of a high-sensitivity plate test that uses antigens like
the NSPs used in this study. These antigens are expressed early on
during the infectious process and are recognized by the immune sys-
tem before the structural proteins are. Additionally, this response lasts
for several months. Johnson et al. (2007) found that NSPs are avail-
able for antigenic presentation through MHC-I and -1l at the earliest
moments of infection. Because cytolytic infection also releases viral
proteins into interstitial spaces, we can know that an induced strong
antibody response to NSPs will be comparable to the immune response
elicited by structural proteins. Furthermore, sustained anti-NSP anti-
body titres have been found for up to 202 days, while the antibody
response to the N protein gradually decreases after 126 days (Brown
etal,, 2009).

Neutralizing titres in hyperimmune sera against NSP1 and NSP11
indicate that the antigenic activity could be relevant in the individual
response. Furthermore, that at some point during infection, they may
play an important role in the neutralizing activity of antibodies against
the virus. Various studies have reported PRRSV antibody neutraliza-
tion, mainly using hyperimmune sera against proteins GP5, M or N

(Gonin et al., 1999; Loemba et al., 1996; Yoon et al., 1994). However,
few reports show that there is a neutralization region in PRRSV ORF1,
mainly in NSP2, which has been better studied so far (Leng et al., 2017).

The main neutralizing activity against PRRSV has been reported to
target the GP5 protein (Lopez & Osorio, 2004; Popescu et al., 2017;
Vashisht et al., 2008). However, our results suggest that NSPs, in this
case NSP1 and NSP11, can be recognized by the immune system of
hosts that can then elicit an antibody response with neutralizing capac-
ity and NSPs are the first viral proteins to be synthesized in cells
infected by PRRSV. These suggests that both proteins

contain highly antigenic regions, and are well conserved across
different PRRSV strains. Thus NSP-based immunogens could induce
protection against different viral strains, with an effective and rapid
response to the infection, preventing the immunomodulatory effects
of the virus (Rascdn-Castelo et al., 2015).

Recombinant protein-based approaches allow us to rapidly and eas-
ily synthesize large amounts of a product whose characteristics are
very similar to those of a natural protein, and as epitope-based vac-
cines have several benefits including safety, high specificity and ease of
use (Nan et al., 2017). Herein, we demonstrated that NSP1 and NSP11
open a new approach to produce a protective recombinant vaccine to
control PRRS.

These suggests that both proteins contain highly antigenic regions,
however further studies are needed to confirm whether this humoral
response provide cross-neutralization against heterologous PRRSV
strains.

5 | CONCLUSIONS

Our results indicate that recombinant PRRSV NSPs can be antigenic
and immunogenic. This study is an initial exploration to propose the
use of recombinant proteins as a novel immunogenic approach against

PRRSV and/or to develop a more precise diagnostic tool.
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