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ABSTRACT

Highly pathogenic porcine reproductive and respiratory syndrome virus (HP-PRRSV) known as pig high
fever disease was first reported in China and has spread rapidly in neighboring southeastern Asian
countries. The objective of this study was to evaluate the efficacy of a new type 2 PRRSV modified live
vaccine (vaccine A) against a challenge with a HP-PRRSV and to compare the efficacy of two genetically
distant type 2 PRRSV modified vaccines (vaccine A for lineage 8 and vaccine B for lineage 5) against HP-
PRRSV (lineage 8) challenge. Pigs were divided into 4 groups (n=12/group); vaccinated challenged
(2 groups), unvaccinated challenged, and unvaccinated unchallenged groups. Regardless of vaccines,
vaccinated challenged pigs showed significantly lower (P<0.05) mean rectal temperatures and
respiratory scores, levels of HP-PRRSV viremia, and lung lesions and HP-PRRSV antigens within lung
lesions compared to unvaccinated challenged pigs. Vaccinated challenged pigs had significantly higher
(P < 0.05) numbers of interferon-y secreting cells {[FN-y-SC) compared to unvaccinated challenged pigs.
Significant differences were also found when comparing two type 2 PRRSV vaccines after HP-PRRSV
challenge. The use of type 2 PRRSV vaccine A was able to significantly reduce fever when compared to
type 2 PRRSV vaccine B in vaccinated challenged pigs. Vaccination of pigs with vaccine A reduced viral
loads in their blood and induced higher numbers of HP-PRRSV-specific IFN-y-SC than vaccination of pigs
with vaccine B. This study demonstrates partial protection of two genetically distant type 2 PRRSV
vaccines against HP-PRRSV challenge in growing pigs.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

(20-70%) in pigs of all ages (Tian et al., 2007; Li et al., 2007; Tong
et al., 2007). The causative virus was identified and named as

Porcine reproductive and respiratory syndrome virus (PRRSV) is
an enveloped positive-strand RNA virus belonging to the order
Nidovirales, family Arteriviridae, and genus Arterivirus with types
1 and 2 genotypes (Allende et al., 1999; Snijder and Meulenberg,
1998). PRRSV is an important virus devastating to the swine
industry worldwide (Snijder et al., 2013). In May 2006, an unusual
large-scale outbreak initially called “pig high fever disease (PHFD)"
severely affected the major pig-producing areas of Jiangxi Province
of China and resulted in more than one million deaths in pigs (Tian
et al., 2007). PHFD was initially classified as a hog cholera-like
disease characterized by high fever (40-42 °C) and high mortality
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highly pathogenic PRRSV (HP-PRRSV) (Tian et al., 2007). HP-PRRSV
is a variant of type 2 PRRSV containing a novel discontinuous
30-amino-acid (aa) deletion in nsp2 (Tian et al., 2007).

Since the first outbreak of HP-PRRSV infection in China in 2006,
this disease spread subsequently to South East Asian countries
including Vietnam and the Philippines in 2007, in Thailand in 2008,
and Cambodia and Laos in 2010 (An et al., 2011; Ni et al,, 2012;
Tornimbene et al., 2014; Jantafong et al., 2015). Vaccination is now
considered to be one of the main strategies to control the HP-
PRRSV. Three HP-PRRSV (JXA1-R, HuN4-F112, and TJM)-based
modified live vaccines provide effective protection against HP-
PRRSV and are available in China (Tian et al., 2009; Leng et al.,
2012; Yu et al., 2015). However, these HP-PRRSV-based vaccines
are limited for use in other Asian countries. Therefore, evaluation
of commercial PRRSV vaccines used worldwide is necessary to
control HP-PRRS infection in many Asian countries.
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Study of commercial type 2 PRRSV modified live vaccines
(Ingelvac PRRS MLV, Boehringer Ingelheim Vetmedica Inc.,
St. Joseph, MO, USA) has been reported to be effective against HP-
PRRSV (Wei etal,, 2013; Lager et al.,2014). However, limited data are
available for immunological (interferon-y secreting cells), virologi-
cal (levels of viremia), and pathological (lung lesion scores and
PCV2 antigen-positive cells within the lung lesions) evaluation. In
addition, a new type 2 PRRSV vaccine (Fostera PRRS, Zoetis, Florham
Park, NJ, USA) has now entered Asian markets since 2013-2014.
Interestingly, the vaccine virus from a new type 2 PRRSV vaccine
belongs to the same lineage 8 as HP-PRRSV (Shi et al., 2010). Despite
the fact that the degree of genetic homology between vaccine and
challenge virus is not a good predict of vaccine efficacy (Prieto et al.,
2008), the same lineage 8 of the vaccine virus and HP-PRRSV raises
the possibility that a new vaccine may be efficacious in protecting
pigs from HP-PRRSV challenge. However, whether thereis protection
from this new PRRSV vaccine against HP-PRRSV is not currently
known. Moreover, to date, there have been no studies done to
compare the two genetically distant type 2 PRRSV modified live
vaccines (Fostera PRRS for lineage 8 and Ingelvac PRRS MLV for
lineage 5) against HP-PRRSV.

The first objective of this study was to evaluate the efficacy of
the recently introduced type 2 PRRSV vaccine (Fostera PRRS)
against HP-PRRSV challenge in growing pigs. The second objective
was to comprehensively compare the efficacy of two current type
2 PRRSV vaccines against HP-PRRSV challenge in growing pigs in
terms of respiratory disease based on clinical, immunological,
virological, and pathological outcomes.

2. Materials and methods
2.1. PRRSV inoculums

Vietnamese HP-PRRSV (strain MB6, Genbank number
KM244760 and KM244761) was isolated from a 30-sow herd in a
northern region of Vietnam in 2009 (Do et al, 2015). The strain
MB6 caused the devastating respiratory disease with 30% mortality on
the farm fromwhich the virus originated. The selected Vietnamese HP-
PRRSV is the cause of the recent Vietnamese outbreaks after the
introduction to the northern areas and become the dominant strain
(Dr. Do, personal observation). In previous experimental study, the
most consistent lung lesion caused by Vietnamese HP-PRRSV strain
MB6 was severe interstitial pneumonia with congestion or petechial
hemorrhages on the surface of the lungs. The interstitial pneumonia
was characterized by thickened alveolar septa with increased
numbers of interstitial macrophages and lymphocytes and by type
Il pneumocyte hyperplasia (Do et al., 2015).

The Vietnamese HP-PRSV and vaccine virus (Foster PRRS
classified in lineage 8, Zoetis) share 91.7% (93.2%) and 95.0%
(91.7%) amino acids homology (nucleotides homology) for open
reading frame (ORF) 5 and ORF7, respectively. The Vietnamese HP-
PRRSV and vaccine virus (Ingelvac PRRS MLV classified lineage 5,
Boehringer Ingelheim Vetmedica Inc.) shared 86.6% (86.9%) and
96.7% (93.4%) amino acids homology (nucleotides homology) for
ORF5 and ORF7, respectively. The Vietnamese HP-PRRSV strain
used on this study were analyzed phylogenetically together with
Chinese HP-PRRSV strains and vaccine viruses listed in the
GenBank data bases for ORF5 (Fig. 1).

2.2. Experimental design

A total of 48 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
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Fig. 1. Phylogenetic analysis of ORF5 from Vietnamese and Chinese HP-PRRSV, and
vaccine viruses. An unrooted neighborjoining tress was constructed from aligned
nucleic acid sequences.

viremia by real-time polymerase chain reaction (PCR) (Wasilk
et al., 2004).

Pigs were divided into 4 groups (n=12/group) using random
number generation function (Excel, Microsoft Corporation, Red-
mond, WA, USA) (Table 1). The pigs in VacA/Ch were immunized
with Fostera PRRS (Zoetis, Lot No.1310547)administered asa 2.0 mL
dose at 21 days of age based on the manufacturer's recommen-
dations. The pigs in VacB/Ch were immunized with Ingelvac PRRS
MLV (Boehringer Ingelheim Vetmedica Inc., Lot No. 245-F21)
administered as a 2.0mL dose at 21 days of age based on the
manufacturer’s recommendations. At 56 days of age (0 days post
challenge, dpc), the pigs in VacA/Ch, VacB/Ch, and UnVac/Ch were
inoculated intranasally with 3 mL of tissue culture fluid containing
10°* tissue culture infective dose 50% (TCIDsp)/mL of Vietnamese
HP-PRRSV (strain MB6, 4th passage in MARC-145 cells) by setting
them on their buttocks perpendicular to the floorand expending the
neck fully back. The inoculum was slowly dripped into both nostrils
of the pigs taking approximately 3-5min/pig as previously
described (Halbur et al., 1995). The pigs in UnVac/UnCh remained
unvaccinated unchallenged and served as the negative control
group. The pigs in each group were housed separately within the
facility. Blood samples were collected at —35, —32, —28, —25, 21,
—14, 0, 7, 10, and 14dpc. Subsets of pigs were sedated by an
intravenous injection of sodium pentobarbital and then euthanized
by electrocution at 7,10, and 14 dpc as previously described (Beaver
etal.,, 2001). Tissues were collected from each pig at necropsy. All of
the methods were previously approved by the Nonglam University
Institutional Animal Care and Use, and Ethics Committee (TN-TY
0012014.11.01).

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 the 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 HP-PRRSV were performed to quantify
PRRSV genomic cDNA copy numbers (Do et al.,, 2015). Real-time PCR
for the vaccine strains was also performed to quantify PRRSV
genomic cDNA copy (Park et al., 2014; Han et al., 2014).

2.5. Serology

The serum samples were tested using the commercially
available PRRSV enzyme-linked immunosorbent assay (ELISA;
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Table 1
Clinical signs in pigs among 4 groups at different days post challenge (dpc).
dpc Groups
VacA[Ch VacB[Ch UnVac/Ch UnVac/UnCh
Vaccines Fostera PRRS Ingelvac PRRS MLV None None
Challenge HP-PRRSV HP-PRRSV HP-PRRSV None
Loss of appetite 3 0f12 0/12 0/12 0/12
5 0/12 0/12 311 0/12
7 1/12 2/12 5/11 0/12
10 0/8 2/8 5/8 0/8
14 0/4 0/4 2/4 0/4
Reluctant to move 3 0/12 0/12 0/12 0/12
5 0/12 1/12 6/11 0/12
7 2/12 5/12 10/11 0/12
10 1/8 2/8 6/8 o/8
14 0/4 2[4 3/4 0/4
Eye discharge/swollen 3 6/12 3/12 712 0/12
5 5/12 412 8/11 0/12
7 412 312 8/11 0/12
10 2/8 2/8 5/8 0/8
14 2/4 2[4 3/4 0/4
Erythema/cyanosis 3 0f12 0/12 0/12 0/12
5 0/12 2/12 3/ 0/12
7 0/12 212 5/11 0/12
10 0/8 1/8 48 0/8
14 0/4 0/4 2[4 0/4
Shivering 3 0/12 0/12 0/12 0/12
5 0/12 0/12 0/11 0/12
7 0/12 3/12 5/11 0/12
10 0/8 2/8 4/8 0/8
14 0/4 0/4 1/4 0/4

HerdCheck PRRS X3 Ab test, IDEXX Laboratories Inc., Westbrook,
ME, USA). Serum samples were considered positive for PRRSV
antibody if the S/P ratio was greater than 0.4, according to the
manufacturer’s instructions. Serum virus neutralization (SVN)
tests were also performed with challenge HP-PRRSV (Yoon et al.,
1994). Serum samples were considered to be positive for
neutralizing antibodies (NAs) if the titer was greater than 2.0
(logz) (Zuckermann et al., 2007).

2.6. Enzyme-linked immunospot (ELISPOT) assay

The numbers of HP-PRRSV-specific IFN-y secreting cells (IFN-
«y-SC) were determined in peripheral blood mononuclear cells
(PBMC) (Park et al., 2014; Meier et al., 2003; Diaz and Mateu, 2005).

2.7. Pathology and immunohistochemistry

Macroscopic and microscopic lung lesions were scored and
analyzed morphometrically as previously described (Halbur et al.,
1995). Tissue sections were blindly examined by two veterinary
pathologists. Immunohistochemistry (IHC) for PRRSV was per-
formed using SR30 monoclonal antibody (Rural Technologies Inc.,
Brookings, SD, USA) and analyzed morphometrically as previously
described (Han et al., 2012; Halbur et al., 1996).

2.8. Virus isolation

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

2.9. Bacteria isolation

Lung tissues were collected and used for bacterial cultures on
5% bovine blood agar. Christie-Atkins-Munch-Petersen reaction
was determined on 5% bovine blood agar, using a beta-hemolysis-
producing strain of Staphylococcus intermedius.

2.10. Statistical analysis

Prior to statistical analysis, all real-time PCR and NAs data were
transformed to log,p and log; values, respectively. The normality of
the distribution of the examined variables was evaluated by the
Shapiro-Wilk test. Continuous data (rectal temperature, PRRSV
RNA, serology, IFN-y-SC, and macroscopic lung lesion score) were
analyzed using one-way ANOVA followed by Tukey's multiple
comparison test at each time point. Discrete data (PRRSV antigen
score, microscopic lung lesion score, and respiratory score) were
analyzed by Mann-Whitney tests. A value of P<0.05 was
considered significant.

3. Results
3.1. Clinical observation

Pigs in VacA/Ch showed significantly lower (P<0.05) mean
rectal temperatures than pigs in VacB/Ch from 5 to 10 dpc and pigs
in UnVac/Ch from 2 and 13dpc. Pigs in VacB/Ch showed
significantly lower (P < 0.05) mean rectal temperature than pigs
in UnVac/Ch at 5, 10, 12, and 13 dpc (Fig. 2A).
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Clinical differences between vaccinated and unvaccinated
challenged pigs are summarized in Table 1. Onset of disease in
pigs in VacA/Ch and VacB/Ch was delayed several days and no
mortality occurred during the experiment. Three pigs in UnVac/Ch
died at 5 (n=1) and 10 (n=2)dpc. Intermittent erythema of the
skin was present in 2 pigs from VacB/Ch and 3-5 pigs from UnVac/
Ch beginning at 5 dpc. Several pigs in UnVac/Ch developed cyanotic
extremities. Shivering was present in pigs in VacB/Ch beginning at
7 dpc and lasting until 10dpc whereas shivering was also present
in most pigs in UnVac/Ch beginning at 7 dpc but lasted until 14 dpc.
Interestingly, the severity of clinical disease was less in pigs in
VacA/Ch compared with pigs in VacB/Ch. Pigs in VacA/Ch did not
show clinical signs such as cutaneous erythema and shivering. Pigs
in VacA/Ch and VacB/Ch showed significantly lower (P<0.05)
mean respiratory scores than pigs in UnVac/UnCh at 2, 4, and 5 dpc
(Fig. 2B). Negative control pigs maintained normal temperatures
without respiratory symptoms throughout the experiment. No
bacterial pathogens were isolated at necropsy.

> VacA/Ch

A s

Mean Rectal Temperature (°C)

& VacB/Ch

3.2. Quantification of PRRSV RNA in sera

Genomic copies of the vaccine virus were detected in the serum
collected from the vaccinated challenged pigs in both, VacA/Ch and
VacB/Ch at —32 (3 days post vaccination), —30, —28, and —25dpi
but, thereafter, no genomic copies were detected in the sera of pigs
from this group throughout the experiment. Genomic copies of HP-
PRRSV were detected in the serum samples of pigs in VacA/Ch,
VacB/Ch, and UnVac/Ch.

Pigs in VacA/Ch had a significantly lower (P < 0.05) number of
genomic copies of HP-PRRSV in their blood compared to pigs in
UnVac/Ch at 7 and 10 dpc. Pigs in VacA/Ch had a significantly lower
(P < 0.05) number of genomic copies of HP-PRRSV in their blood
compared with pigs in VacB/Ch at 10dpc. Pigs in VacB/Ch had a
significantly lower (P <0.05) number of genomic copies of HP-
PRRSV in their blood compared to pigs in UnVac/Ch at 5 and 7 dpc
(Fig. 3). Prevalence rates of HP-PRRSV viremia are summarized in

© UnVac/Ch  # UnVac/UnCh

Days post challenge

B <> VacA/Ch & VacB/Ch

Mean Respiratory Score

4 5 6

N N T\ S\
3

© UnVac/Ch

A UnVac/UnCh

7 8 9 10 11 12 13 14

Days post challenge

Fig. 2. Mean rectal temperatures (A) and mean respiratory score (B) from pigs in VacA/Ch [0), VacB/Ch (JJiF). UnVac/Ch (). and UnVac/UnCh (4 ). Variation is
expressed as the standard deviation. Different letters (a, b, and c) indicate significant difference (P < 0.05) between groups.
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Fig. 3. Mean values of the genomic copy number of PRRSY RNA in serum in from pigs in VacA/Ch (

). VacB/Ch (JJJ}}). UnVac/Ch ({0)}). and UnVac/UnCh (). Variation is

expressed as the standard deviation. Different letters (a, b, and c) indicate significant difference (P < 0.05) between groups.

Table 2. No HP-PRRSV was detected in the sera of pigs from UnVac/
UnCh throughout the experiment.

3.3. Anti-PRRSV antibodies

At the time of PRRSV vaccination (3 weeks of age; —35dpc), pigs
in 4 groups were seronegative. Antibodies specific for PRRSV were
detected by ELISA in pigs in VacA/Ch and VacB/Ch from —14 to
—7dpc (10 days post vaccination) onward and in pigs in UnVac/Ch
from 10 dpc onward. Pigs in VacA/Ch and VacB/Ch had significantly
higher (P < 0.05) anti-PRRSV antibody titers than pigs in UnVac/Ch

Table 2

from —25 to 10dpc (Fig. 4). 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 logy) throughout the experiment.

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

Upon challenge with HP-PRRSV, the frequency of HP-PRRSV-
specific IFN-y-SC increased gradually and reached an average of

Proportion of viremic pigs, macroscopic and microscopic lung lesion score, and immunohistochemical antigen score of HP-PRRSV among 4 groups at different days post

challenge (dpc).

dpc Groups
VacA[Ch VacB/Ch UnVac/Ch UnVac/UnCh
Vaccines Fostera PRRS Ingelvac PRRS MLV Mone Mone
Challenge HP-PRRSV HP-PRRSV HP-PRRSV None
Proportion of viremic pigs 7 12/12 1212 12/12 0/12
10 8/8 8/8 8/8 0/8
14 4/4 4/4 4/4 0/4
Macroscopic lung lesion score 7 82.8+21° 84.4+2.8% 90.8 + 4.1° 0/12
10 70.0+ 5.4 75.1 +4.4%P 84.4+4.3° 0/8
14 50.0 +5.8% 55 +54° 75.6 +6.3° 0/4
Microscopic lung lesion score 7 2.6+0.07° 2.6+ 0.16%° 2.98 +0.20° 0/12
10 24+02 246+ 0.25 2.81+025 0/8
14 2.0+04% 2294 0.24° 2.78 +0.09" 0/4
PRRSV-antigen score 7 1.5+04 1.65 + 0.63 2134024 0/12
10 0.63 £0.75* 1.67 + 047" 233+ 047° 0/8
14 0.75+0.5 0.88 + 0.63* 275+ 0.65° 0/4
Virus isolation 7 4/4 4/4 4/4 0/4
10 3/4 4/4 44 0/4
14 3/4 3/4 4[4 0/4

Different letters (a, b, and c) indicate significant difference (P < 0.05) among groups.
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Fig. 4. Mean values of the anti-PRRSV antibodies from pigs in VacA/Ch (()). VacB/Ch (Ji). UnVac/Ch (40)-), and UnVac/UnCh () ). Variation is expressed as the standard
deviation. Different letters (a, b, and c) indicate significant difference (P < 0.05) between groups.

207.0 +22.2 cells/10° PBMC (VacA/Ch) and 115.0 +26.5 cells/10°
PBMC (VacB/Ch) at 14dpc. Pigs in VacA/Ch produced significantly
higher (P < 0.05) numbers of HP-PRRSV-specific IFN-y-SC at 14 dpc
compared to pigs in VacB/Ch. Pigs in VacA/Ch produced
significantly higher (P<0.05) numbers of HP-PRRSV-specific
IFN-y-SC at 10 and 14 dpc compared to pigs in UnVac/Ch group.
Pigs in VacB/Ch produced significantly higher (P < 0.05) numbers
of HP-PRRSV-specific IFN-y-SC at 14dpc compared to pigs in
UnVac/Ch (Fig. 5). The mean frequencies of HP-PRRSV-specific IFN-
v-SC remained at basal levels (<20 cells/10% PBMC) in the negative
control pigs at any time.

<> VacA/Ch 1R VacB/Ch

300

225

HP-PRRSV specific IFN-y-SC/10° PBMC

3.6. Lung lesions

Macroscopic lung lesions were characterized by well-demar-
cated consolidated areas with diffuse tan-brown discoloration in
the middle, caudal and accessory lobes. Pigs in VacA/Ch and VacB/
Ch had significantly fewer (P < 0.05) mean macroscopic lung lesion
scores than pigs in UnVac/Ch at 7, 10, and 14dpc (Table 2).
Microscopic lung lesions were characterized by alveolar septa
thickened with interstitial infiltrates of macrophages and lym-
phocytes, by type Il pneumocyte hyperplasia, and by accumulation
of normal and necrotic macrophages in alveolar spaces. Pigs in
VacA/Ch had significantly lower (P < 0.05) mean microscopic lung
lesion scores than pigs in UnVac/Ch at 7 and 14 dpc. Pigs in VacB/Ch

O UnVac/Ch & UnVac/UnCh

Days post challenge

Fig. 5. Frequency of challenging HP-PRRSV-specific IFN-y-5C/10° PBMC) from pigs in VacA/Ch (()), VacB/Ch (JJi}}). UnVac/Ch (40)). and UnVac/UnCh (4 ). Variation is
expressed as the standard deviation. Different letters (a, b, ¢, and d) indicate significant difference (P < 0.05) between groups.
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had significantly lower (P < 0.05) mean microscopic lung lesion
scores than pigs in UnVac/Ch at 14 dpc (Table 2). No macroscopic
and microscopic lung lesions were observed in negative control
pigs throughout the experiment.

3.7. Immunohistochemistry

PRRSV antigens were detected exclusively within the cytoplasm
of macrophages and pneumocytes. Positive cells typically exhib-
ited a red reaction product by immunohistochemistry. The score
for the mean number of PRRSV-positive cells per unit area of lung
was significantly fewer (P < 0.05) in pigs in VacA/Ch than in pigs in
UnVac/Ch at 10 and 14 dpc. The score for the mean number of
PRRSV-positive cells per unit area of lung was significantly fewer
(P<0.05) in pigs in VacB/Ch than in pigs in UnVac/Ch at 14 dpc
(Table 2, Fig. 6). No immunohistochemical staining for PRRSV
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Fig. 6. Immunohistochemistry of PRRSV antigen. A few PRRSV antigens were
detected in lungs with mild interstitial pneumonia from pigs in VacA/Ch (A) and
VacB/Ch (B), and numerous PRRSV antigens were detected in lungs with severe
interstitial pneumonia from pigs in UnVac/Ch (C) at 10 days post challenge.

antigen was observed in lung sections from the negative control
pigs.

3.8. Virus isolation

Virus isolation from lungs is summarized in Table 2. The
isolated HP-PRRSV was confirmed to be the same as the challenge
virus through sequence analysis. No PRRSV was isolated from
negative control pigs.

4. Discussion

The results of the present study demonstrate that two
commercial type 2 PRRSV vaccines are efficacious in protecting
growing pigs against HP-PRRSV challenge. Generally, PRRSV
modified live vaccines offer protection against homologous strains
but are inconsistent and offer incomplete protection against
heterologous strains (Lager et al., 1997,1999; Mengeling et al., 1999,
2003). HP-PRRSV (JXA1-R, HuN4-F112, and TJM)-derived modified
live vaccines provide effective homologous protection against the
same HP-PRRSV strains challenge (Tian et al., 2009; Leng et al.,
2012; Yu et al.,, 2015). However, these HP-PRRSV-based vaccines
are limited for use in other Asian countries. Therefore, evaluation
of commercial PRRSV vaccines used worldwide is necessary in
order to control HP-PRRS infection in many Asian countries. The
same commercial type 2 PRRSV vaccine (Ingelvac PRRS MLV) used
in this study also protects pigs against Chinese HP-PRRSV and
infectious clone of Vietnamese HP-PRRSV challenge (Wei et al.,
2013; Lager et al., 2014). In contrast, commercial type 1 PRRSV
vaccine offered a limited protection against Vietnamese HP-PRRSV
challenge (Roca et al, 2012). These results indicate that type
2 PRRSV vaccine is more efficacious in control of HP-PRRSV
infection in pigs compared to type 1 PRRSV vaccine.

Clinical analysis is a critical parameter to evaluate the efficacy of
the PRRSV vaccines against HP-PRRSV because the two most
clinical characteristics of HP-PRRS infection are high fever (41-
42°C) and high mortality (20-70%) (Tian et al., 2007; Li et al., 2007,
2012; Tongetal., 2007; Hu et al., 2013; Wang et al., 2014). Although
the use of PRRSV vaccines reduced body temperatures and
mortality in this study, there were differences in the reduction
of body temperature between the two commercial type 2 PRRSV
vaccines. The use of type 2 PRRSV vaccine A was able to
significantly reduce fever when compared to type 2 PRRSV vaccine
B.

Severity of a respiratory disease is well correlated with the
amount of viral load (Johnson et al,, 2004), Therefore, measure-
ment of viral loads in blood and lungs is important to determine
the efficacy of PRRSV vaccine. Both commercial type 2 PRRSV
vaccines are able to reduce the levels of HP-PRRSV viremia and
antigen within lung lesions although there were statistical
significant differences in viral reduction between two type 2 PRRSV
vaccines. The mechanisms of the partial protection including
clinical signs and viremic reduction shown in the study may be due
to induction of IFN-vy-SC. In the present study, type 2 PRRSV
vaccine A induced higher numbers of HP-PRRSV-specific IFN-y-SC
compared to type 2 PRRSV vaccine B. These differences may result
in significant differences in viremic reduction between two type
2 PRRSV vaccines after HP-PRRSV challenge. Similarly, the
reduction of HP-PRRSV viremia coincides with the appearance
of HP-PRRSV-specific IFN-y-SC in vaccinated challenged pigs
similar to a previous study (Park et al., 2014). Moreover, correlation
is also observed between serum viral load and IFN- levels in the
sera(Lovingetal., 2008). These results suggest that numbers of HP-
PRRSV-specific IFN-y-SC induced by two type 2 PRRSV vaccines
may be sufficient enough to clear the challenged HP-PRRSV from
pigs.
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The prediction of protection has frequently been attributed to
antigenic but not genetic similarity between vaccine and challenge
strains (Lager et al., 1999; Prieto et al., 2008). In the present study,
type 2 PRRSV vaccine A provided slightly better protection against
HP-PRRSV of the same genomic lineage compared to type 2 PRRSV
vaccine B which is of a different genomic lineage based on body
temperature, levels of viremia, and number of IFN-vy-SC. However,
the results of our study should be interpreted carefully. The genetic
similarity between vaccine and field virus does not guarantee
vaccine efficacy (Prieto et al,, 2008). These differences between
type 2 PRRSV vaccine A and B may suggest that type 2 PRRSV
vaccine A virus and challenge HP-PRRSV that are closely related
genetically may be also closely related antigenically.

To the best of our knowledge, this is the first evaluation of a new
type 2 PRRSV vaccine against HP-PRRSV challenge and a
comprehensive comparison of two commercial type 2 PRRSV
vaccines against HP-PRRSV challenge based on clinical, virological,
immunological, and pathological analysis under experimental
conditions. HP-PRRSV is now a severe threat to the whole
Southeast Asian pig population and could further spread to other
continents. Geographical proximity especially generates great
concerns about its potential spread to neighboring countries such
as Korea and Japan in the future. Regardless of commercial
vaccines, vaccination of pigs with type 2 PRRSV is able to reduce
clinical signs, the levels of HP-PRRSV viremia, and the severity of
lung lesions after the Vietnamese HP-PRRSV challenge.

5. Conclusions

Two genetically distant type 2 PRRSV modified live vaccines
provide partial protection against respiratory disease in growing
pigs against HP-PRRSV challenge. Regardless of vaccines, vaccinat-
ed challenged pigs showed significantly lower (P <0.05) mean
rectal temperatures and respiratory scores, levels of HP-PRRSV
viremia, lung lesions and HP-PRRSV antigens within lung lesions
compared to unvaccinated challenged pigs.
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