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Porcine reproductive and respiratory syndrome virus
RSV) is an enveloped positive-strand RNA virus
sified in the order Nidovirales, family Arteriviridae,

 genus Arterivirus (Snijder and Meulenberg, 1998).
SV was first isolated in the Netherlands in 1991

ensvoort et al., 1991) and subsequently in the United
tes in 1992 (Collins et al., 1992). In the 1990s, all
opean PRRSV isolates were closely related and desig-
ed as the type 1 (European) genotype. Type 1 PRRSVs

are further divided into three subtypes based on the open
reading frame (ORF) 7 size: a pan-European subtype 1 and
East European subtypes 2 and 3 with nucleocapsid protein
sizes of 128, 125 and 124 amino acids, respectively
(Stadejek et al., 2008). All North American isolates were
also closely related and designated as the type 2 (North
American) genotype (Allende et al., 1999; Murtaugh et al.,
2010). Type 1 and type 2 PRRSVs differ significantly in
terms of their clinical, genetic, and antigenic properties
(Kapur et al., 1996; Labarque et al., 2004; Nelson et al.,
1993).

PRRSV is one of the most important challenges
currently facing the global swine industry. A PRRSV
infection is clinically characterized by reproductive failure
in sows and respiratory disease in growing pigs of all ages,
causing huge economic losses (Zimmerman et al., 2012). In
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A B S T R A C T

The objective of the present study was to determine the cross-protection of a new type 2

porcine reproductive and respiratory syndrome virus (PRRSV) modified live vaccine

against heterologous type 1 PRRSV challenge in growing pigs. The mean rectal

temperature and respiratory score was significantly (P < 0.05) lower in vaccinated

challenged pigs than in unvaccinated challenged pigs. Vaccination of pigs with type 2

PRRSV reduced the levels of type 1 PRRSV viremia after challenge with type 1 PRRSV.

Vaccinated challenged pigs had significantly (P < 0.05) higher frequency of interferon-g
secreting cells and lower levels of interleukin-10 compared to unvaccinated challenged

pigs. Vaccination of pigs with the type 2 PRRSV effectively reduced the macroscopic and

microscopic lung lesion and the type 1 PRRSV antigens within lung lesions in vaccinated

challenged pigs. This study demonstrates partial cross-protection of a new type 2 PRRSV

modified live vaccine against heterologous type 1 PRRSV challenge in growing pigs.
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Korea, the first case of PRRSV infection was reported in
1994 (Kweon et al., 1994). All PRRSV isolates corresponded
to type 2 PRRSV until 2000 (Cheon and Chae, 2000).
Currently, the type 1 PRRSV has also emerged, and both
genotypes circulate concurrently in Asian countries,
including Korea (Chen et al., 2011; Nam et al., 2009;
Thanawongnuwech et al., 2004).

Cross-protection conferred by type 2 PRRSV vaccine
against type 1 PRRSV is an important clinical issue in many
Asian countries because of the emergence of type 1 PRRSV.
In previous cross-protection studies, type 2 PRRSV modi-
fied live vaccine have not been effective when applied to
control pigs against type 1 PRRSV isolated from European
countries (Labarque et al., 2003; van Woensel et al., 1998;
Labarque et al., 2000). Recently, a new type 2 PRRSV
modified live vaccine (Fostera PRRS, Zoetis, Florham Park,
NJ, USA) was registered in Korea in 2014. This new type 2
PRRSV vaccine is efficacious to protect pigs against
heterologous type 2 PRRSV challenge (Park et al., 2014).
However, whether there is cross-protection from the same
vaccine against heterologous type 1 PRRSV challenge is not
currently known. Hence, the objective of this study was to
evaluate the efficacy of a new type 2 PRRSV vaccine against
heterologous type 1 PRRSV challenge in growing pigs in
terms of respiratory disease based on clinical, immuno-
logical, virological, and pathological outcomes.

2. Materials and methods

2.1. PRRSV inoculum

Type 1 PRRSV (SNUVR090485, pan-European subtype
1) was used as inoculum. SNUVR090485 virus (GenBank
no. JN315686 and JN399073) was isolated from lung
samples of an aborted fetus and a weaned pig in a 1000-
sow herd in southwestern Kyounggi Province (Han et al.,
2012a). The SNUVR090485 is subtype 1 based on ORF7
analysis (Stadejek et al., 2008) and vaccine strain P129 is
lineage 8 based on ORF5 analysis (Shi et al., 2010). The
SNUVR090485 and vaccine strains (P129) share 53.8% and
60.3% amino acid identity for ORF5 and ORF7, respectively.

2.2. Experimental design

A total of 148 colostrum-fed, cross-bred, conventional
piglets were purchased at 14 days of age from a
commercial PRRSV free farm. All piglets were negative
for PRRSV, porcine circovirus type 2 (PCV2) and swine
influenza virus according to routine serological testing. All
piglets were negative for type 1 and type 2 PRRSV viremia
by real-time polymerase chain reaction (PCR).

Pigs were divided into three groups using the random
number generation function (Excel, Microsoft Corporation,
Redmond, WA, USA). The pigs in group 1 were immunized
with Fostera PRRS (Zoetis; Lot No. 1310547) administered as
a 2.0 mL dose at 21 days of age based on the manufacturer’s
recommendations. At 56 days of age (0 days post challenge,
dpc), the pigs (n = 60/group) in groups 1 and 2 were
inoculated intranasally with 3 mL of tissue culture fluid
containing 105 50% tissue culture infective dose (TCID50)/mL
of PRRSV (SNUVR090485 strain, fourth passage in alveolar

macrophages) by setting them on their buttocks perpendic-
ular to the floor and expending the neck fully back. The
inoculum was slowly dripped into both nostrils of the pigs
taking approximately 3–5 min/pig as previously described
(Halbur et al., 1995). The pigs (n = 28) in group 3 remained
unvaccinated unchallenged and served as the negative
control group. The pigs in each group were housed
separately within the facility. Blood samples and nasal
swabs were collected at �35, �32, �30, �28, �25, �21, �14,
0, 7, 10, 14, and 21 dpc. Subsets of pigs were sedated by an
intravenous injection of sodium pentobarbital and then
euthanized by electrocution at 7, 10, 14, and 21 dpc as
previously described (Beaver et al., 2001). Tissues were
collected from each pig at necropsy. All of the methods were
previously approved by the Seoul National University
Institutional Animal Care and Use, and Ethics Committee.

2.3. Clinical observation

The pigs were monitored weekly for physical condition
and scored daily for clinical respiratory disease severity
using scores ranging from 0 (normal) to 6 (severe dyspnea
and abdominal breathing) (Halbur et al., 1995). Rectal
temperatures were recorded daily at the same time by
same personnel.

2.4. Quantification of PRRSV RNA

RNA was extracted from serum samples to quantify
PRRSV genomic cDNA copy numbers, as previously
described (Wasilk et al., 2004). Real-time PCR for the type
1 and type 2 PRRSV were performed to quantify PRRSV
genomic cDNA copy (Wasilk et al., 2004). Real-time PCR for
the vaccine strain was also performed to quantify PRRSV
genomic cDNA copy (Park et al., 2014). A sample was
considered positive if the cycle threshold level was
obtained at �40 cycles (Chung et al., 2005).

2.5. Serology

The serum samples were tested using the commercially
available PRRSV enzyme-linked immunosorbent assay
(ELISA; HerdCheck PRRS X3 Ab test, IDEXX Laboratories
Inc., Westbrook, ME, USA) according to the manufacturer’s
instructions. Serum samples were considered positive for
PRRSV antibody if the S/P ratio was greater than 0.4. Serum
virus neutralization (SVN) tests were also performed with the
challenging strain, type 1 PRRSV (SNUVR090485), as
previously described (Yoon et al., 1994). The presence of
virus-specific cytopathic effect (CPE) in each well was
recorded after incubating for 7 days. Serum samples were
considered to be positive for neutralizing antibodies (NAs) if
the titer was greater than 2.0 (log2) (Zuckermann et al., 2007).

2.6. Enzyme-linked immunospot (ELISPOT) assay

The numbers of PRRSV-specific interferon-g secreting
cells (IFN-g-SC) using challenging type 1 PRRSV were
determined in peripheral blood mononuclear cells (PBMC)
as previously described (Diaz and Mateu, 2005; Meier
et al., 2003; Park et al., 2014).
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 Quantification of interleukin-10 secretion

The protein levels of interleukin-10 (IL-10) were
ntified in the supernatants of PBMC (2 � 106 cells

 well, 250 mL) cultures in vitro for 20 h with the
llenging type 1 PRRSV (MOI 0.01) or PHA (10 mg/mL) by

ng commercial ELISA kits (Swine Interleukin-10 ELISA
 Invitrogen, Camarillo, CA, USA) according to the
nufacturer’s instructions. Detection limits for IL-10
re 3.0 pg/mL.

 Pathology and immunohistochemistry

Macroscopic and microscopic lung lesions were scored
 analyzed morphometrically as previously described
lbur et al., 1995). Immunohistochemistry (IHC) for
SV was performed using SR30 monoclonal antibody
ral Technologies Inc., Brookings, SD, USA) and analyzed
rphometrically as previously described (Halbur et al.,
6; Han et al., 2012b).

 Virus isolation

Lungs were collected for virus isolation as previously
cribed (Halbur et al., 1995).

. Statistical analysis

Prior to statistical analysis, all real-time PCR and NAs
a were transformed to log10 and log2 values, respec-
ly. The normality of the distribution of the examined

iables was evaluated by the Shapiro–Wilk test. Contin-
s data (rectal temperature, PRRSV RNA, serology, IFN-
C, IL-10, PRRSV antigen score, and macroscopic lung
on score) were analyzed with Student t test at each
e point. Discrete data (microscopic lung lesion score

 respiratory score) were analyzed by Mann–Whitney
s. Chi-square and Fisher’s exact test ware applied to
luate the proportion of viremic and nasal shedding pigs.
alue of P < 0.05 was considered significant.

esults

 Clinical observation

The vaccinated challenged pigs (group 1) remained
mal throughout the study, as measured by their
iratory scores and rectal temperatures. The mean rectal
perature was significantly (P < 0.05) higher in unvacci-

ed challenged pigs than in pigs in the other 2 groups at 3
 4 dpc (Fig. 1A). The mean respiratory scores were
ificantly (P < 0.05) higher in unvaccinated challenged

s than in pigs in the other two groups at 6, 7, 8, and 9 dpc
. 1B). Negative control pigs maintained normal tem-
atures without respiratory signs throughout the experi-
nt. No bacterial pathogens were isolated at necropsy.

 Quantification of PRRSV RNA in sera

Genomic copies of the vaccine virus were detected in
 sera from the vaccinated challenged pigs at �32 (3 days

post vaccination), �30, �28, and �25 dpi but, thereafter,
no vaccine strain was detected in the sera from pigs in this
group throughout the experiment. Genomic copies of the
type 1 PRRSV were detected in the serum samples of
vaccinated challenged (group 1) and unvaccinated chal-
lenged (group 2) pigs after inoculation with this virus.

Vaccinated challenged pigs had a significantly
(P < 0.05) lower number of genomic copies of type 1 PRRSV
in their blood compared to unvaccinated challenged pigs at
7, 10, 14, and 21 dpc (Fig. 2). Challenging type 1 PRRSV was
detected in the blood of vaccinated challenged pigs at
7 and 10 dpc. The prevalence of viremic pigs was
significantly lower in the vaccinated challenged pigs
(10/60 at 7 dpc, 1/45 at 10 dpc, 0/30 at 14 dpc, and 0/15
at 21 dpc) compared with the unvaccinated challenged
pigs (60/60 at 7 dpc, 42/45 at 10 dpc, 24/30 at 14 dpc, and
8/15 at 21 dpc).

3.3. Anti-PRRSV antibodies

At the time of PRRSV vaccination (3 weeks of age;
�35 dpc), pigs in all three groups were seronegative.
Antibodies specific for PRRSV were detected by ELISA in
vaccinated challenged pigs from �25 dpc (10 days post
vaccination) onward and in unvaccinated challenged pigs
from 10 dpc onward. Vaccinated challenged pigs induced
significantly (P < 0.05) higher anti-PRRSV antibody titers
than that in unvaccinated challenged pigs from �25 to
21 dpc (Fig. 3). Anti-PRRSV antibody titers were not
detected in negative control pigs at any time.

3.4. PRRSV-specific neutralizing antibodies

NAs were not detected in any pigs in any group (NAs
titer <2 log2) throughout the experiment.

3.5. Frequency of PRRSV-specific interferon-g secreting cells

After stimulation with the type 1 PRRSV, the frequency of
type 1 PRRSV-specific IFN-g-SC/106 PBMC reached an
average of 21.2 � 12.3 cells/106 PBMC at �21 dpc in
vaccinated challenged pigs. Upon challenge with type 1
PRRSV, the frequency of type 1 PRRSV-specific IFN-g-SC
increased gradually and reached an average of 70.6 � 13.6
cells/106 PBMC at 21 dpc in vaccinated challenged pigs.
Vaccinated challenged pigs produced significantly (P < 0.05)
higher numbers of IFN-g-SC at 7, 10, 14, and 21 dpc compared
to unvaccinated challenged pigs (Fig. 4A). The mean frequen-
cies of type 1 PRRSV-specific IFN-g-SC remained at basal levels
(<20 cells/106 PBMC) in the negative control pigs at any time.

3.6. Interleukin-10

Upon challenge with type 1 PRRSV, the IL-10 reached
maximal levels at 7 dpc and, thereafter, decreased
gradually until 14 dpc in vaccinated challenged and
unvaccinated challenged pigs. Unvaccinated challenged
pigs had significantly higher levels of IL-10 at 7 and 10 dpc
compared to vaccinated challenged pigs (Fig. 4B). IL-10
was not detected in negative control pigs throughout the
experiment.
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3.7. Macroscopic and microscopic lung lesions

Lung lesions were observed in vaccinated challenged
and unvaccinated challenged pigs but negative control pigs
were normal. The lesions were present predominantly in
the middle, caudal and accessory lobes. Macroscopic lung
lesions were characterized by multifocal, tan-mottled
areas with irregular and indistinct borders. Microscopic
lung lesions were characterized by thickened alveolar
septa with increased numbers of interstitial macrophages
and lymphocytes and by type II pneumocyte hyperplasia.
The mean macroscopic lung lesion scores were signifi-
cantly (P < 0.05) lower in the vaccinated challenged pigs
than in the unvaccinated challenged pigs at 7, 10, and
14 dpc (Table 1). The mean microscopic lung lesion scores
were significantly (P < 0.05) lower in the vaccinated
challenged pigs than in the unvaccinated challenged pigs
at 7, 10, 14, and 21 dpc (Table 1).

3.8. Immunohistochemistry

PRRSV antigens were detected exclusively within the
cytoplasm of macrophages and pneumocytes. Positive cells
typically exhibited a red reaction product by immunohis-
tochemistry. The score for the mean number of PRRSV-
positive cells per unit area of lung was significantly
(P < 0.05) lower in vaccinated challenged pigs than in
unvaccinated challenged pigs at 7, 10, 14, and 21 dpc
(Table 1, Fig. 5). No staining for PRRSV antigen was
observed in lung sections from the negative control pigs.

3.9. Virus isolation

PRRSV was isolated from the lungs at different dpc. The
type 1 PRRSV isolated from vaccinated challenged pigs
(15/15 at 7 dpc, 10/15 at 10 dpc, 7/15 at 14 dpc, and 5/15 at
21 dpc) and unvaccinated challenged pigs (15/15 at 7, 10,

Fig. 1. Mean rectal temperatures (A) and mean respiratory score (B) in vaccinated challenged (&), unvaccinated challenged (&), and negative control pigs

(*). Significant difference is indicated at P value <0.05*.
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 and 21 dpc) was confirmed to be the same as the
llenge virus through sequence analysis. No type 2
SV or vaccine virus was isolated from vaccinated
llenged and unvaccinated challenged pigs. No PRRSV
s isolated from negative control pigs.

4. Discussion

The results of the present study demonstrate that a new
type 2 PRRSV vaccine is efficacious in protecting growing
pigs from respiratory disease caused by heterologous type
1 PRRSV challenge. Vaccination of pigs with type 2 PRRSV
is able to reduce the levels of type 1 PRRSV viremia and
nasal shedding, as well as the severity of lung lesions after
heterologous type 1 PRRSV challenge. These results are in
contrast with previous studies in which another type 2
PRRSV vaccine barely reduces the amount of viral load in
blood and clinical signs after heterologous type 1 PRRSV
challenge in pigs (Labarque et al., 2000, 2003; van Woensel
et al., 1998). We have no clear explanation why different
type 2 PRRSV vaccines have different results of cross-
protection against type 1 PRRSV challenge. It may be due to
differences between the vaccine strains or antigenic
variation among challenging type 1 PRRSV strains. Differ-
ent PRRSV isolates already show a remarkable antigenic
variation (Kvisgaard et al., 2013).

Interestingly, there are differences in the ratio and
duration of viremia in pigs vaccinated with same type 1
PRRSV vaccine followed by a challenge with either
homotypic (type 2) or heterotypic (type 1) PRRSV. The
ratio of viremic pigs in vaccinated groups challenged with
homotypic virus in a previous study (Park et al., 2014) was

2. Mean values of the genomic copy number of PRRSV RNA in serum in

inated challenged ((&) for serum and (&) for nasal swab) and

accinated challenged ((*) for serum and (*) for nasal swab) pigs.

ation is expressed as the standard deviation. Significant difference is

cated at P value <0.05*.

3. Mean values of the anti-PRRSV antibodies in the different groups.

inated challenged (&) and unvaccinated challenged (&) pigs.

ation is expressed as the standard deviation. Significant difference

dicated at P value <0.05*.

Fig. 4. Frequency of challenging type 1 PRRSV-specific IFN-g-SC/106

PBMC (A) and level of interleukin-10 (B). Vaccinated challenged (&) and

unvaccinated challenged (&) pigs. Variation is expressed as the standard

deviation. Significant difference is indicated at P value <0.05*.
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higher than that in vaccinated groups challenged with
heterotypic virus in the present study. In addition, viremic
pigs were detected in vaccinated and homotypic chal-
lenged group until the 21 dpc in the previous study (Park
et al., 2014). Viremic pigs were not found in vaccinated and
heterotypic challenged group from 14 dpc onward in this
study. Differences in the ratio and duration of viremia are
due to the different virulence between the challenging
type 1 and type 2 PRRSV. Respiratory infection by type 1
PRRSV is usually mild, and ratio and duration of viremia are
relatively lower and shorter compared to type 2 PRRSV
infection (Han et al., 2013b; Johnson et al., 2004; Labarque
et al., 2003). Moreover, the ratio and duration of viremic
pigs in unvaccinated groups challenged with type 2 PRRSV
in the previous study (Park et al., 2014) was higher and
shorter than that in unvaccinated groups challenged with
type 1 PRRSV virus in the present study. Therefore, the
difference in virulence between two genotypes explains
the differences in ratio and duration of viremic pigs
between vaccinated groups challenged with type 1 and
type 2 PRRSV.

PRRSV viremia plays a central role in the development
of respiratory disease (Han et al., 2013a). Therefore,
reduction of PRRSV viremia is an important parameter
to evaluate the efficacy of PRRSV vaccine (Labarque et al.,
2003; van Woensel et al., 1998). Vaccination of pigs with
type 2 PRRSV reduces levels of type 1 PRRSV viremia. In
addition, the reduction of type 1 PRRSV viremia coincided
with the appearance of type 1 PRRSV-specific IFN-g-SC.
PRRSV-specific IFN-g-SC plays a critical role in viral
clearance (Meier et al., 2003; Park et al., 2014). It is also
known that IFN-g inhibits PRRSV replication in alveolar
macrophages (Bautista and Molitor, 1999; Rowland et al.,
2001). These observations are in contrast with an
experimental study in which the significance of IFN-g-
SC is not known since there is no association with control
of infection (Xiao et al., 2004). Despite the fact that

Table 1

Proportion of viremic pigs, macroscopic and microscopic lung lesion score, and immunohistochemical antigen score of porcine reproductive and respiratory

syndrome virus (PRRSV) among three groups at different days post challenge (dpc).

dpc Groups

Vaccinated challenged Unvaccinated challenged Unvaccinated unchallenged

Proportion of viremic pigs 7 10/60b 60/60a 0/28c

10 1/45b 42/45a 0/21b

14 0/30b 24/30a 0/14b

21 0/15b 8/15a 0/7b

Macroscopic lung lesion score 7 17.5 � 5b 32.5 � 5a 0c

10 17.5 � 9.5b 32.5 � 5a 0c

14 2.5 � 5b 15 � 5.7a 0b

21 0 10 � 8.1 0

Microscopic lung lesion score 7 0.7 � 0.24b 1.77 � 0.3a 0c

10 0.27 � 0.09b 2.25 � 0.54a 0c

14 0.15 � 0.12b 1.37 � 0.2a 0c

21 0.02 � 0.05b 1.17 � 0.67a 0b

PRRSV-antigen score 7 2.5 � 2.9b 13.9 � 1.5a 0b

10 0.3 � 0.6b 13.7 � 5a 0b

14 0.2 � 0.5b 9.1 � 1.1a 0b

21 0b 4 � 1.5a 0b

Different letters (a, b, and c) indicate significant (P < 0.05) difference among groups.

Fig. 5. Immunohistochemistry of PRRSV antigen. A few PRRSV antigens

were detected in lungs with mild interstitial pneumonia in vaccinated

challenged pig (A) and numerous PRRSV antigens were detected in lungs

with severe interstitial pneumonia in unvaccinated challenged pigs (B) at

10 days post challenge.
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uction of type 1 PRRSV-specific IFN-g-SC by type 2
SV vaccine may result in reduction of type 1 PRRSV
mia in the present study, further studies are needed to

ermine the protective role of IFN-g-SC against PRRSV
llenge.
IL-10 is a known potent immunosuppressive cytokine
nti et al., 2003). In the present study, PRRSV-specific
-g-SC gradually increased at the same time as the
dual decrease of IL-10, indicating that the activation of
-g-SC may be modulated by the induction of IL-10, as
vious noted (Diaz and Mateu, 2005; Suradhat et al.,
3). However, the role of IL-10 is controversial. IL-10

els in blood are not correlated with PRRSV infection
us (Klinge et al., 2009). Further studies are needed to
ermine the relationship between IFN-g-SC and IL-10 for
 protective effects of PRRSV vaccine.
The hallmark of microscopic lung lesions caused by
SV is interstitial pneumonia. Hence, pathological
luation and the detection of PRRSV antigen within
rstitial pneumonia are useful parameters to determine

 efficacy of PRRSV vaccines. Good correlation was also
erved between the decreased PRRSV load in the serum

 decreased PRRSV antigen with low microscopic lesion
res in the lungs (Han et al., 2012c). In the present study,
cination of pigs with the type 2 PRRSV was able to
uce the severity of type 1 PRRSV-induced lung lesions

 the amount of type 1 PRRSV antigen within the
rstitial pneumonia.

Selection of a proper challenge virus is critical when
luating a PRRSV vaccine. The type 1 challenge virus
UVR090485) was isolated from pigs in 2009 and is not a
cine virus. The two commercial type 1 PRRSV modified

 vaccines were introduced in Korea in 2014. The type 1
llenge virus is a pan-European subtype 1 virus, as are
st field viruses in Korea (Kim et al., 2010; Lee et al.,
0), but more pathogenic than any other Korean type 1
SV isolates (Han et al., 2012c, 2013a,b).

To the best of our knowledge, this is the first
erimental challenge study to evaluate this new type
RRSV vaccine against heterologous type 1 PRRSV
llenge. This type 2 PRRSV vaccine shows more amount
RRSV reduction in blood than nasal swabs because IFN-
C may have easier access and therefore more easily
uce PRRSV levels in the blood compared to extravasated
al tissues. Partial cross-protection of type 2 PRRSV
cine against type 1 PRRSV challenge provides swine
ctitioners and producers with clinically meaningful
rmation because type 1 PRRSV infection is prevalent

.4%; 20/68 swine herds) in Korea (Lee et al., 2010).
pite of partial cross-protection, these results should be
rpreted carefully because this study has been con-
ted with only one type 1 PRRSV subtype strain.
iation in the virulence of different type 1 PRRSV field
ates in pigs has been documented (Han et al., 2013a).
reover, a highly pathogenic type 1 PRRSV subtype 3,
wn as Lena strain, caused more severe respiratory
rders in young pigs than any other type 1 PRRSV

types 1 and 2 strains (Karniychuk et al., 2010). Future
rk is needed to determine the cross-protection of this
e 2 PRRSV vaccine against various type 1 PRRSV field

5. Conclusion

A new type 2 PRRSV modified live vaccine provides
partial cross-protection against heterologous type 1 PRRSV
challenge in growing pigs. Vaccinated challenged pigs
showed significantly (P < 0.05) lower respiratory scores,
viremia, macroscopic and microscopic lung lesion scores,
and PRRSV-antigen with interstitial pneumonia than
unvaccinated challenged pigs.
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