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Abstract

The efficacy of 4 commercial porcine reproductive and respiratory syndrome virus (PRRSV) modified-live vaccines (MLV),
against PRRSV-1 and PRRSV-2 was evaluated and compared in growing pigs. Two of the vaccines were based on PRRSV-1 and
two on PRRSV-2. There were no significant differences between each of the two PRRSV-1 MLV vaccines and the two PRRSV-2
MLV vaccines respectively based on virology, immunological, and pathological evaluations. Vaccination with either of the
PRRSV-1 MLV vaccines resulted in reduced PRRSV-1 but not PRRSV-2 viremia. Additionally, vaccination with either of the
PRRSV-1 MLV vaccines resulted in reduction of lung lesions and PRRSV-1 positive cells in PRRSV-1 challenged pigs but had no
significant effect in PRRSV-2 challenged pigs. In contrast, vaccination with either of the two PRRSV-2 MLV vaccines resulted
in the reduction of both PRRSV-1 and PRRSV-2 viremia. The PRRSV-2 MLV vaccines were also able to effectively reduce lung
lesions and PRRSV positive cells after challenge with either PRRSV-1 or PRRSV-2. Our data suggest that while vaccination with
PRRSV-1 MLV vaccines can be effective against PRRSV-1, only PRRSV-2 MLV vaccines can protect against both Korean PRRSV-1
and PRRSV-2 challenges in this study.

Résume

L'efficacité de quatre vaccins vivants modifiés (VVM) commerciaux contre le virus du syndrome reproducteur et respiratoire porcin (VSRRP),
a été évaluée et comparée chez des porcs en croissance infectés expérimentalement avec VSRRP-1 et VSRRP-2. Deux des vaccins étaient a
base de VSRRP-1 et deux a base de VSRRP-2. Il n'y avait pas de différence significative entre chacun des deux VVM VSRRP-1 et les deux
VVM VSRRP-2 respectivement sur la base des évaluations virologiques, immunologiques et pathologiques. La vaccination avec I'un ou
I'autre des VVM VSRRP-1 a entrainé une réduction de la virémie causée par VSRRP-1 mais pas par VSRRP-2. De plus, la vaccination
avec I'un ou l'autre des VVM VSRRP-1 a permis une réduction des lésions pulmonaires et des cellules positives pour VSRRP-1 chez les
porcs infectés avec VSRRP-1 mais n’a pas eu d’effet significatif chez les porcs infectés avec VSRRP-2. La vaccination avec I'un ou 'autre
des VVM SRRP-2 a résulté en une réduction de la virémie autant pour VSRRP-1 que VSRRP-2. Les VVM VSRRP-2 étaient également
en mesure de réduire efficacement les lésions pulmonaires et les cellules positives pour VSRRP aprés linfection soit par le VSRRP-1 ou
VSRRP-2. Nos résultats suggerent que bien que la vaccination avec les VVM VSRRP-1 peuvent étre efficaces envers VSRRP-1, seulement
les VVM VSRRP-2 peuvent protéger contre les infections par les VSRRP-1 et VSRRP-2 coréens utilisés dans la présente étude.

(Traduit par Docteur Serge Messier)

ages (3). The causative agent for PRRS is the PRRS virus (PRRSV).
Porcine reproductive and respiratory syndrome virus is a single-

Introduction

Porcine reproductive and respiratory syndrome (PRRS) was first
described as a “mystery swine disease” in 1987 in USA (1) and as
“blue ear disease” in 1990 in Europe (2). The first cases of PRRS in
Korea were detected in 1994. Since then, PRRS has rapidly become
one of the most impactful global swine diseases causing devastating
economical losses to the swine industry worldwide. Porcine repro-
ductive and respiratory syndrome is characterized by reproductive
failure in breeding females and respiratory disease in pigs of all

stranded positive sense RNA virus that belongs to the family of
Arteriviridae in the order Nidovirales with 2 distinct species based on
antigenic and pathogenic differences, PRRSV-1 of European origin
and PRRSV-2 of North American origin (4,5).

In most European countries PRRSV-1 is the prevalent species
(6), while the majority of PRRS cases in North American countries
are caused by PRRSV-2 only (7). The PRRSV-1 is rarely considered
an important economic pathogen in the US (Dr. Aaron J. Lower,

Seoul National University, College of Veterinary Medicine, Department of Veterinary Pathology, 1 Gwanak-ro, Gwanak-gu, 08826, Seoul,

Republic of Korea.

Address all correspondence to Dr. Chanhee Chae; telephone: +82 2 880 1277; fax: +82 2 871 5821; e-mail: swine@snu.ac.kr

Drs. Taehwan Oh and Hanjin Kim contributed equally to this work.
Received January 25, 2018. Accepted April 16, 2018.

2019;83:57-67

The Canadian Journal of Veterinary Research 57



Table 1. Percentage nucleotide homology of open reading frame 5 genome from PRRSV challenge viruses used in this study
compared with the vaccine viruses from 4 PRRSV modified-live virus vaccines.

Ingelvac PRRS

PRRSV-1 PRRSV-2 Porcilis PRRS UNISTRAIN PRRS MLV Fostera PRRS
(JN315686) (JN315685) (AY743931) (GUOGT771) (AF066183) (AF494042)
PRRSV-1 100 59 87.9 88.1 61.1 61.1
PRRSV-2 59 100 59.5 59.3 85.9 87.2
Porcilis PRRS 87.9 59.5 100 93.3 61.4 61.6
UNISTRAIN PRRS 88.1 59.3 93.3 100 61.1 60.6
Ingelvac PRRS MLV 61.1 85.9 61.4 61.1 100 91.3

Carthage Veterinary Service, personal communication, 2017). In
contrast, the Korean farmland appears to be a region in which both
PRRSV-1 and PRRSV-2 are equally prevalent with both species caus-
ing serious clinical problems (8). Currently on Korean farms, the
most common method of controlling PRRSV infection is through
vaccination. Although modified-live virus (MLV) vaccines so far
have provided limited protection against heterologous field strains
(9,10), they are widely used and considered to be the most effective
tool in controlling PRRSV infection.

Currently, 4 MLV, 2 based on PRRSV-1 and 2 based on PRRSV-2 are
commercially available in the Korean market. However no studies
have been conducted to assess the efficacy of these 4 PRRSV MLV
vaccines against heterologous PRRSV-1 and PRRSV-2 field viruses.
The objective of this study was to evaluate and compare the efficacy
of these 4 PRRSV MLV vaccines against single heterologous PRRSV-1
and PRRSV-2 challenge based on clinical, virological, immunological,
and pathological criteria under the same experimental conditions.

Materials and methods

Virus

The PRRSV-1 (SNUVR090485, pan-European subtype 1) and
PRRSV-2 (SNUVR090851, lineage 1) were used as challenge inocula
(11,12). Nucleotide homology of the open reading frame 5 genome
from PRRSV challenge viruses was compared with the vaccine
viruses from 4 PRRSV MLV vaccines (Table I).

Experimental design

A total of 132 colostrum-fed, cross-bred, conventional piglets were
purchased at 14 d of age from a commercial PRRSV-free farm. All
piglets were negative for PRRSV according to routine serological
testing and real-time reverse transcriptase polymerase chain reaction
(PCR) as previously described (13).

Pigs were divided into 11 groups (12 pigs per group) and
assigned into 11 rooms using the random number generation func-
tion (Excel, Microsoft Corporation, Redmond, Washington, USA).
The pigs within each group were housed in same room (Table II).
Five groups (in 10 separate rooms) were challenged with PRRSV-1,
5 groups (in 10 separate rooms) were challenged with PRRSV-2, and
1 group (in 2 separate rooms) was used as control using the random
number generation function (Excel; Microsoft Corporation). At -35 d
post challenge (dpc, 28 d of age), pigs were injected intramuscularly
on the right side of the neck with 2 mL of Porcilis PRRS (VaclA/

Ch1 and VaclA/Ch2 groups; Lot No. D353A07, MSD Animal
Health, Boxmeer, the Netherlands), UNISTRAIN PRRS (Vac1B/
Ch1 and Vac1B/Ch2 groups; Lot No. 61WK-B, Hipra, Amer, Spain),
Ingelvac PRRS MLV (Vac2A/Ch1 and Vac2A /Ch2 groups; Lot No.
245-659A, Boehringer Ingelheim Vetmedica, St. Joseph, Missouri,
USA), and Fostera PRRS (Vac2B/Ch1 and Vac2B/Ch2 groups; Lot
No. A405013B, Zoetis, Parsippany, New Jersey, USA) according to
the manufacturer’s instructions. Pigs in the UnVac/Chl, UnVac/
Ch2, and UnVac/UnCh groups were administered an equal volume
of phosphate-buffered saline (PBS, 0.01M, pH 7.4).

At 0 dpc (63 d of age), pigs in the VaclA/Chl, VaclB/Chl,
Vac2A/Chl, Vac2B/Chl, and UnVac/Chl groups were inoculated
intranasally with 3 mL of PRRSV-1 inoculum (10> TCID,,/mL of
SNUVR090485, second passage in alveolar macrophages). Pigs in the
VaclA/Ch2, Vac1B/Ch2, Vac2A /Ch2, Vac2B/Ch2, and UnVac/Ch2
groups were inoculated intranasally with 3 mL of PRRSV-2 inocu-
lum (10° TCID,,/mL of SNUVR090851, second passage in alveolar
macrophages). Pigs in the UnVac/UnCh group served as negative
controls and were not exposed to either the vaccine or virus. Upon
challenge, pigs in the Vac1A/Chl, Vac1B/Chl, Vac2A/Chl, Vac2B/
Ch1, and UnVac/Ch1 groups were randomly assigned into 10 out of
22 rooms. Pigs in the Vac1A/Ch2, Vacl1B/Ch2, Vac2A/Ch2, Vac2B/
Ch2, and UnVac/Ch2 groups were randomly assigned into 10 out
of 22 rooms. Each room contained 6 pens and each pig was housed
individually in a pen. In each of the 10 rooms, allocation of pens
to treatment was in accordance with a randomized complete block
design with a 1-way treatment structure. Blocking was based on pen
location. A block comprised of 4 pens located near each other. The
experimental unit for treatment was the individual animal. Within
each block, 1 pen was randomly assigned to each treatment group.
Pigs in the UnVac/UnCh group were randomly placed into 12 pens
in the 2 remaining rooms.

Following PRRSV challenge, the physical condition and the rectal
temperature of each pig was monitored daily. Blood samples were
collected at -35, -21, 0, 7, 10, and 14 dpc. Pigs were sedated by an
intravenous injection of sodium pentobarbital and then euthanized
by electrocution at 7 and 14 dpc as previously described (14). All
methods were previously approved by the Seoul National University
Institutional Animal Care and Use, and Ethics Committee.

Clinical observation

Clinical observation of respiratory symptoms was recorded daily
using scores ranging from 0 (normal) to 6 (severe dyspnea and
abdominal breathing) (15). Observers were blinded to vaccination
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Table Il. Experimental design and results of lesion score and porcine reproductive and respiratory syndrome virus (PRRSV) RNA

within lung lesion at 7 and 14 d post challenge (dpc).

PRRSV PRRSV-positive cells within
Vaccination Challenge Lung lesion score lung lesion

Groups (28 d) (63 d) dpc Macroscopic Microscopic PRRSV-1 PRRSV-2
Vac1A/Ch1l Porcilis PRRS PRRSV-1 7 14.2 = 4.9° 0.7 + 0.8 3.7+ 1.0° 0+0

14 7.5+ 2.7° 0.5 + 0.8%P 0.7 +0.8° 0+0
Vac1B/Chl UNISTRAIN PRRS PRRSV-1 7 16.7 + 7.5° 0.8 = 0.82° 3.7 +0.8° 0*+0

14 8.3+ 4.1° 0.7 £ 0.5%P 0.5+ 0.5° 0+0
Vac2A/Ch1 Ingelvac PRRS MLV PRRSV-1 7 18.3 + 4.1° 0.8 = 0.6° 0+0° 0*+0

14 4.2 +4,9° 0.3 = 0.6° 0.5 *0.5° 0*+0
Vac2B/Ch1l Fostera PRRS PRRSV-1 7 16.7 = 5.2° 0.7 = 0.5° 0=*0° 0*0

14 3.3 +5.2° 0.2 = 0.4° 0.3 +0.8° 0*+0
UnVac/Chl None PRRSV-1 7 30.8 = 8.0° 1.6 + 0.52 20.3 = 3.72 0*x0

14 24.2 + 6.6° 1.4 +0.52 9.7 = 3.52 0*x0
UnVac/UnCh None None 7 0.8 = 2.0¢ 0.3 +0.5° 0=+ 0° 0+0

14 1.7 = 4.1° 0.2 + 0.4° 0=*0P 0+0
Vac1A/Ch2 Porcilis PRRS PRRSV-2 7 58.3 + 14.72 3.7 = 0.4° 0+0 455 + 12.22

14 45.8 + 6.62 3.3 +0.8° 0x0 34.8 + 6.22P
Vac1B/Ch2 UNISTRAIN PRRS PRRSV-2 7 55.8 + 10.22 3.8 = 0.4° 0+0 43.8 = 7.02

14 475 = 7.6° 3.3 + 0.4° 0+0 35.3 = 6.320
Vac2A/Ch2 Ingelvac PRRS MLV PRRSV-2 7 32.5 520 2.0 = 0.6° 0+0 30.8 +£9.22

14 21.7 + 6.8° 1.8 +0.8° 0+0 23.8 + 5,020
Vac2B/Ch2 Fostera PRRS PRRSV-2 7 31.7 £ 7.5° 2.1 +0.2° 0+0 29.2 = 7.0°

14 18.3 + 7.5° 1.6 + 0.5° 0+0 22.2 + 6.7°
UnVac/Ch2 None PRRSV-2 7 63.3 + 8.22 3.8 = 0.4° 0+0 45.2 + 13.72

14 46.7 + 8.22 3.3 +0.5° 0+0 36.0 = 14.0°
UnVac/UnCh None None 7 0.8 = 2.0° 0.3 = 0.5° 0+0 0*x0P

14 1.7 + 4.1¢ 0.2 = 0.4¢ 0+0 0*0¢°

abe |Indicate significant (P < 0.05) difference among groups.

and challenge status. Rectal temperatures were also recorded daily
at the same time by the same personnel.

Serology

Serum samples that were collected were tested using a commer-
cially available PRRSV enzyme-linked immunosorbent assay (ELISA)
(HerdCheck PRRS X3 Ab test; IDEXX Laboratories, Westbrook,
Maine, USA). Serum samples were considered positive for PRRSV
antibody if the S/P ratio was = 0.4, according to the manufacturer’s
instructions.

Quantification of PRRSV RNA

RNA was extracted from serum samples that were collected
to quantify PRRSV genomic cDNA copy numbers, as previously
described (13). The PRRSV-1 forward and reverse primers were
5'-TGGCCAGTCAGTCAATCAAC-3" and 5'-AATCGATTGCAA
GCAGAGGGAA-3’, respectively. The PRRSV-2 forward and
reverse primers were 5'-TGGCCAGTCAGTCAATCAAC-3’ and
5'-AATCGATTGCAAGCAGAGGGAA-3', respectively (13).

For the Porcilis PRRS vaccine virus, the forward and reverse
primers were 5'-TGTAGACAACCGGGGGAGAG-3' and 5'-CTAG
GCCTCCCATTGCTCAG-3’, respectively. For the UNISTRAIN
vaccine virus, the forward and reverse primers were 5'-GTTG
CCCAGCCATTTTGAC-3" and 5'-CACGCTGCTGAGTACATACC-3,
respectively (16). For the Ingelvac PRRS MLV vaccine virus,
the forward and reverse primers were 5'-CTAACAAATTT
GATTGGGCAG-3" and 5'-AGGACATGCAATTCTTTGCAA-3’,
respectively (16). For the Fostera PRRS vaccine virus, the forward
and reverse primers were 5'-CTTGACACAGTTGGTCTGGTTACT-3'
and 5'-GTTCTTCGCAAGCCTAATAACG-3’, respectively (17).
Real-time PCR was done to quantify PRRSV genomic cDNA copies
(13,16-18).

Enzyme-linked immunospot (ELISPOT) assay

The numbers of PRRSV-specific interferon-y secreting cells
(IFN-y-SC) were determined in peripheral blood mononuclear cells
(PBMC) using challenging PRRSV-1 and PRRSV-2 as previously
described (17,19,20).
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Pathology and in situ hybridization

The total amount of microscopic lesions in the lung sections was
scored blindly ranging from 0 (normal) to 4 (severe) by 2 pathologists
(15). In situ hybridization (ISH) for the detection was completed and
analyzed morphometrically using computer software (NIH Image ]
1.51r Program; http: /imagej.nih.gov/ij/download.html), as previ-
ously described (21).

Statistical analysis

Continuous data included rectal temperature, PRRSV RNA (log,,
of the number of PRRSV genomic copies per mL quantified by real-
time PCR), PRRSV antibody titer, and number of IFN-y-SC (mea-
sured by ELISPOT assay). Continuous data were analyzed using
Tukey’s multiple comparisons test for comparison between groups
in order to estimate the difference at each time point. Discrete data
(clinical signs, lung lesion scores, and ISH scores) were analyzed
using the Kruskal-Wallis test. When the Kruskal-Wallis test was
significant, the Mann-Whitney test was done to determine the
significant differences between the groups. A value of P < 0.05 was
considered significant.

Clinical observation

There were no observable clinical signs after vaccination and
before challenge in any of the pigs from all 6 groups. In PRRSV-1
challenged groups, the mean rectal temperature was significantly
(P < 0.05) lower in pigs from the Vac1A/Chl, Vac1B/Chl, Vac2A/
Ch1, Vac2B/Chl, and UnVac/UnCh groups at 2 to 5 dpc compared
to pigs from the UnVac/Ch1 group. The mean rectal temperature
was significantly lower (P < 0.05) in pigs from the Vac2A/Ch1 and
Vac2B/Chl groups at 6 dpc compared to pigs from the UnVac/Ch1
group (Figure 1A). The mean respiratory scores were significantly
(P < 0.05) lower in pigs from the Vac1A/Chl, Vac1B/Chl, Vac2A/
Ch1, Vac2B/Chl, and UnVac/UnCh groups at 2 to 8 dpc compared
to pigs from the UnVac/Chl group. The mean respiratory scores
were significantly lower (P < 0.05) in pigs from the UnVac/UnCh
group compared to pigs from the Vac1A/Chl, VaclB/Chl, Vac2A/
Ch1, and Vac2B/Chl groups at 5 and 6 dpc (Figure 2A).

In PRRSV-2 challenge groups, the mean rectal temperature was
significantly lower (P < 0.05) in pigs from the Vac2A /Ch2, Vac2B/
Ch2, and UnVac/UnCh groups at 2 to 10 dpc compared to pigs from
the VaclA/Ch2 and Vac1B/Ch2 groups. The mean rectal tempera-
ture was significantly lower (P < 0.05) in pigs from the Vac2A/Ch2,
Vac2B/Ch2, and UnVac/UnCh groups at 2 to 8 dpc compared to pigs
from the UnVac/Ch2 group. The mean rectal temperature was sig-
nificantly lower (P < 0.05) in pigs from the VaclA/Ch2 and VaclB/
Ch2 groups at 3 dpc compared to pigs from the UnVac/Ch2 group.
The mean rectal temperature was significantly lower (P < 0.05) in
pigs from the UnVac/UnCh group at 2 to 7 dpc compared to pigs
from the Vac2A/Ch2 and Vac2B/Ch2 groups (Figure 1B). The mean
respiratory scores were significantly lower (P < 0.05) in pigs from
the Vac2A/Ch2, Vac2B/Ch2, and UnVac/UnCh groups at 2 to 8 dpc
compared to pigs from the VaclA/Ch2, Vac1B/Ch2, and UnVac/

Ch2 groups. The mean respiratory scores were significantly lower
(P < 0.05) in pigs from the VaclA/Ch2 and Vac1B/Ch2 groups at
2,5, 6, and 7 dpc compared to pigs from the UnVac/Ch2 group.
The mean respiratory scores were significantly lower (P < 0.05) in
pigs from the UnVac/UnCh group at 2, 4, 5, 6, and 7 dpc compared
to pigs from the Vac2A/Ch2 and Vac2B/Ch2 groups. Pigs in the
UnVac/UnCh group maintained normal rectal temperatures and
respiratory signs throughout the study (Figure 2B).

Quantification of PRRSV RNA

Genomic copies of the vaccine virus were detected in the sera of
vaccinated pigs —21 dpc (14 d after vaccination) but, thereafter, no
genomes of the vaccine strain were detected throughout the rest of
the experiment. In the PRRSV-1 challenged groups, pigs from the
VaclA/Chl, Vac1B/Chl, Vac2A/Chl, and Vac2B/Chl groups had
significantly lower (P < 0.05) genomic copies of PRRSV-1 in their
sera compared to pigs from the UnVac/Chl group at 7 to 14 dpc.
There was no significant difference in genomic copies of PRRSV-1
in the sera of pigs from the VaclA/Chl, VaclB/Chl, Vac2A/Chl,
and Vac2B/Ch1 groups (Figure 3A).

In the PRRSV-2 challenged groups, pigs from the Vac2A/Ch2
and Vac2B/Ch2 groups had significantly lower (P < 0.05) genomic
copies of PRRSV-2 in their sera compared to pigs from the VaclA/
Ch2, Vac1B/Ch2, and UnVac/Ch2 groups at 7 to 14 dpc. There was
no significant difference in genomic copies of PRRSV-2 in the sera
of pigs from the VaclA/Ch2, Vacl1B/Ch2, and UnVac/Ch2 groups.
The PRRSV-1 was not detected in PRRSV-2 challenged pigs and vice
versa. No PRRSV of any genotype was detected in the sera of pigs
from the UnVac/UnCh group throughout the experiment (Figure 3B).

Serology

At the time of PRRSV vaccination (—=35 dpc), pigs in all 11 groups
were seronegative. Anti-PRRSV antibody titers were detected in vac-
cinated pigs only before challenge. In PRRSV-1 challenged groups,
pigs from the Vac1A/Ch1, Vac1B/Chl, and Vac2B/Ch1 groups had
significantly higher (P < 0.05) anti-PRRSV antibody titers at 7 and
10 dpc compared to pigs from the Vac2A/Chl and UnVac/Chl
groups. Pigs from the VaclA/Chl, VaclB/Chl, Vac2A/Chl, and
Vac2B/Chl groups had significantly higher (P < 0.05) anti-PRRSV
antibody titers at 14 dpc compared to pigs from the UnVac/Chl
group (Figure 4A).

In PRRSV-2 challenged groups, pigs from the Vac1A/Ch2, Vac1B/
Ch2, Vac2A/Ch2, and Vac2B/Ch2 groups had significantly higher
(P < 0.05) anti-PRRSV antibody titers at 7 to 14 dpc compared to
pigs from the UnVac/Ch2 group. Pigs from the Vac1A/Ch2, Vac1B/
Ch2, and Vac2B/Ch2 groups had significantly higher (P < 0.05) anti-
PRRSV antibody titers at 7 and 10 dpc compared to pigs from the
Vac2A/Ch2 group. Anti-PRRSV antibody titers were not detected
in any of the pigs from the UnVac/UnCh group throughout the
study (Figure 4B).

Interferon-y secreting cells

In PRRSV-1 challenged groups, pigs from the Vac1A/Chl, VaclB/
Ch1, Vac2A/Chl, and Vac2B/Ch1 groups had a significantly higher
(P < 0.05) number of PRRSV-1 specific IFN-y-SC compared to pigs
from the UnVac/Ch1 group at -21, 0, 7, 10, and 14 dpc. Pigs from
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Figure 1. Mean rectal temperature. A — PRRSV-1 challenged groups from the VaclA/Chl (m), VaclB/Chl ('), Vac2A/Ch1l (m), Vac2B/Ch1 (m),
UnVac/Ch1 (m), and UnVac/UnCh (A). B — PRRSV-2 challenged groups from the Vac1A/Ch2 (@), Vac1B/Ch2 (<), Vac2A/Ch2 (®), Vac2B/Ch2 (®), UnVac/
Ch2 (@), and UnVac/UnCh (A). Variation is expressed as the standard deviation. Significant difference between vaccinated challenged and unvaccinated
challenged groups within the same PRRSV type challenge is indicated as P < 0.05*.

the VaclA/Chl and Vac1B/Chl groups had a significantly higher
(P < 0.05) number of PRRSV-1 specific IFN-y-SC compared to pigs
from the Vac2A/Chl and Vac2B/Chl groups at 7 dpc. Pigs from
the VaclA/Chl and Vac1B/Chl groups had a significantly higher
(P < 0.05) number of PRRSV-1 specific IFN-y-SC compared to pigs
from the Vac2A/Chl group at 10 and 14 dpc (Figure 5A).

In PRRSV-2 challenged groups, pigs from the Vac2A /Ch2 group
had a significantly higher (P < 0.05) number of PRRSV-2 specific

IFN-y-SC compared to pigs from the VaclA/Ch2, Vac1B/Ch2,
Vac2B/Ch2, and UnVac/Ch2 groups at —21 dpc. Pigs from the
VaclA/Ch2, Vac1B/Ch2, Vac2A/Ch2, and Vac2B/Ch2 groups
had a significantly higher (P < 0.05) number of PRRSV-2 specific
IFN-y-5C compared to pigs from the UnVac/Ch2 group at 0, 7, 10,
and 14 dpc. Pigs from the Vac2B/Ch2 group had a significantly
higher (P < 0.05) number of PRRSV-2 specific IFN-y-SC compared
to pigs from the Vac1A/Ch2 and Vac1B/Ch2 groups at 7 dpc. Pigs
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Figure 2. Mean respiratory score. A— PRRSV-1 challenged groups from the Vac1A/Ch1 (m), Vac1B/Chl ("), Vac2A/Ch1 (m), Vac2B/Ch1 (m), UnVac/Ch1l
(m), and UnVac/UnCh (A). B— PRRSV-2 challenged groups from the Vac1A/Ch2 (@), Vac1B/Ch2 (), Vac2A/Ch2 (@), Vac2B/Ch2 (@), UnVac/Ch2 (@), and
UnVac/UnCh (A). Variation is expressed as the standard deviation. Significant difference between vaccinated challenged and unvaccinated challenged

groups within the same PRRSV type challenge is indicated as P < 0.05*.

from the Vac2A/Ch2 and Vac2B/Ch2 groups had a significantly
higher (P < 0.05) number of PRRSV-2 specific IFN-y-SC compared
to pigs from the VaclA/Ch2 and VaclB/Ch2 groups at 10 and
14 dpc. In pigs from the UnVac/UnCh group, the mean numbers of
PRRSV-1 and PRRSV-2 specific IFN-y-5C remained at basal levels
(< 20 cells/10¢ PBMC) throughout the study (Figure 5B).

Pathology

In PRRSV-1 challenged groups, pigs from the Vac1A/Chl, VaclB/
Ch1, Vac2A/Chl, Vac2B/Chl, and UnVac/UnCh groups exhibited

significantly (P < 0.05) lower mean macroscopic lung lesion scores
at 7 and 14 dpc compared to pigs from the UnVac/Chl group. Pigs
from the UnVac/UnCh group had significantly (P < 0.05) lower
mean macroscopic lung lesion scores at 7 dpc compared to pigs
from the VaclA/Chl, Vac1B/Chl, Vac2A/Chl, and Vac2B/Chl
groups. Pigs from the Vac2A/Ch1, Vac2B/Chl, and UnVac/UnCh
groups had significantly lower (P < 0.05) mean microscopic lung
lesion scores at 7 and 14 dpc compared to pigs from the UnVac/Chl
group. Pigs from the VaclA/Chl, Vac1B/Chl, Vac2A/Chl, Vac2B/
Ch1 groups had a significantly lower (P < 0.05) number of PRRSV-1
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Figure 3. Mean values of the genomic copies number of PRRSV RNA. A — PRRSV-1 challenged
groups in serum from the Vac1A/Chl (m), Vac1B/Chl (), Vac2A/Chl (m), Vac2B/Ch1 (m), UnVac/
Ch1 (m), and UnVac/UnCh (A). B — PRRSV-2 RNA in serum from the Vac1A/Ch2 (@), Vac1B/Ch2 (©),
Vac2A/Ch2 (@), Vac2B/Ch2 (@), UnVac/Ch2 (@), and UnVac/UnCh (A). Variation is expressed as
the standard deviation. Significant difference between vaccinated challenged and unvaccinated
challenged groups within the same PRRSV type challenge is indicated as P < 0.05*.

positive cells per area unit of lung at 7 and 14 dpc compared to pigs
from the UnVac/Ch1 group. Pigs from the Vac2A/Ch1 and Vac2B/
Ch1 groups had a significantly lower (P < 0.05) number of PRRSV-1
positive cells per area unit of lung at 7 dpc compared to pigs from
the Vac1A/Ch1 and Vac1B/Ch1 groups (Table II).

In PRRSV-2 challenged groups, pigs from the Vac2A/Ch2, Vac2B/
Ch2, and UnVac/UnCh groups showed significantly lower (P < 0.05)
mean macroscopic and microscopic lung lesion scores at 7 and 14 dpc
compared to pigs from the VaclA/Ch2, VaclB/Ch2, and UnVac/
Ch2 groups. Pigs from the Vac2B/Ch2 group also had a significantly
lower (P < 0.05) number of PRRSV-2 positive cells per area unit of
lung at 14 dpc compared to pigs from the UnVac/Ch2 group. No
PRRSV of any genotype was detected in the lungs of pigs from the
UnVac/UnCh group (Table II).

In this study, we compared the efficacy of 2 PRRSV-1 MLV vac-
cines and 2 PRRSV-2 MLV vaccines against heterologous challenge
with PRRSV-1 and PRRSV-2. There was no significant difference
between the 2 PRRSV-1 MLV vaccines as they both can provide
partial protection against a PRRSV-1 strain but only limited protec-
tion against a PRRSV-2 strain, during the acute phase. In contrast,
2 commercial PRRSV-2 MLV vaccines can provide partial protection
against both PRRSV-1 and -2 strains. Our conclusions are based on
clinical, virological, immunological, and pathological comparisons.
These results are consistent with previous studies, in which PRRSV-1
MLV vaccines provide partial protection against respiratory disease
caused by heterologous type 1 PRRSV challenge but confer no
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Figure 4. Mean values of the anti-PRRSV antibodies. A — PRRSV-1 challenged groups from the
Vac1A/Ch1 (m), Vac1B/Ch1l (), Vac2A/Ch1 (m), Vac2B/Ch1 (m), UnVac/Chl (m), and UnVac/UnCh (A).
B — RRSV-2 challenged groups from the Vac1A/Ch2 (@), Vac1B/Ch2 (©), Vac2A/Ch2 (@), Vac2B/
Ch2 (@), UnVac/Ch2 (@), and UnVac/UnCh (A). Variation is expressed as the standard deviation.
Significant difference between vaccinated challenged and unvaccinated challenged groups within

the same PRRSV type challenge is indicated as P < 0.05*.

protection against heterologous type 2 PRRSV challenge in pigs
(18,22,23). Similar to our results, previous studies have also shown
that vaccination of pigs with a PRRSV-2 vaccine can protect pigs
against both heterologous PRRSV-1 and PRRSV-2 challenge (17,24).
However, our results should be interpreted cautiously because only
1 strain for each genotype was used as challenge. The type of strain
used as challenge can have a significant impact on the efficacy of
a vaccine. Our results do contrast with other studies in which vac-
cination of pigs with the same PRRSV-1 MLV vaccine provided
partial protection against heterologous PRRSV-2 challenge (25,26).
However, this study used a different PRRSV-2 strain suggesting that
perhaps antigenicity plays a more important role on the efficacy of
the PRRS MLV vaccine than genetic similarity between the vaccine
and challenge strains.The PRRSV viremia plays a critical role in the
development of respiratory disease. The levels of viremia are well-
correlated with the severity of interstitial pneumonia (12). Therefore,

the reduction of PRRSV viremia could be essential in preventing
respiratory disease and an important indicator of the efficacy of
a PRRSV vaccine (22,27). Vaccination of pigs with either of the
PRRSV-2 MLV vaccines resulted in a significant reduction both of
PRRSV-1 and PRRSV-2 viremia. Vaccination of pigs with the PRRSV-1
MLV vaccines could only significantly reduce PRRSV-1 viremia. In
addition, duration of PRRSV-1 viremia in vaccinated and PRRSV-
1-challenged (VaclA/Chl and Vac2A/Chl) groups in the present
study is similar to that in a previous study (28). However, duration
of PRRSV-2 viremia in vaccinated and PRRSV-2-challenged (Vacl1A/
Ch2 and Vac2A/Ch2) groups is longer in present study compared to
a previous study (28). Altogether, these data suggest that PRRSV-2
(strain SNUVR090851) challenge virus used in this study is more
virulent than PRRSV-2 (strain 19407b) challenge virus used in a
previous study. The difference in protection between the PRRSV-1
and PRRSV-2 MLV vaccines may be due to the possibility that they

64 The Canadian Journal of Veterinary Research



>

140 4

PRRSV-1 specific IFN-y-SC/10¢ PBMC

Days post challenge

o]

140 4

PRRSV-2 specific IFN-y-SC/10% PBMC

Days post challenge

Figure 5. Frequency of PRRSV specific IFN-y-SC/10° PBMC. A — PRRSV-1 challenged groups from
the Vac1A/Ch1l (m), Vac1B/Ch1 ('), Vac2A/Ch1 (m), Vac2B/Ch1 (m), UnVac/Ch1 (m), and UnVac/
UnCh (A) B — PRRSV-2 challenged groups from the Vac1A/Ch2 (@), Vac1B/Ch2 (©), Vac2A/Ch2 (@),
Vac2B/Ch2 (@), UnVac/Ch2 (@), and UnVac/UnCh (A). Variation is expressed as the standard
deviation. Significant difference between vaccinated challenged and unvaccinated challenged
groups within the same PRRSV type challenge is indicated as P < 0.05*.

elicit different cellular immune responses against the 2 PRRSV
types. In our experimental conditions, vaccination of pigs with the
PRRSV-2 MLV vaccines resulted in induction of equal levels of IFN-
v-5C against PRRSV-1 and PRSV-2. Vaccination with the PRRSV-1
MLV vaccines induced higher levels of IFN-y-SC against PRRSV-1
compared to PRRSV-2. T-cell cross reactivity has been previously
shown with genetically distant PRRSVs (29,30). Evidence of cor-
relation between the increase of PRRSV-1 specific IFN-y-SC levels
and reduction of PRRSV-1 viremia further supports the important
role of T-cells in cross protection of PRRSV-2 vaccinated pigs after
PRRSV-1 challenge. Therefore, T-cells activated by PRRSV-2 MLV
vaccines respond against PRRSV-1 infection, resulting in partial cross
protection. Even though the increase of IFN-y-SC does not always
correlate with protection (31,32), cell-mediated immunity seems to
play an important role in cross protection against PRRSV infection.
Since, in general, the PRRSV MLV vaccine provides good homolo-

gous protection but variable heterologous protection (9), the PRRSV
challenge viruses used in this study should not originate from the
vaccine virus. The PRRSV-1 (SNUVR090485) challenge virus was
isolated from pigs in 2009 before two PRRSV-1 MLV vaccines were
introduced in South Korea in 2014. The PRRSV-2 (SNUVR090851)
challenge virus belongs to lineage 1 while two PRRSV-2 MLV vac-
cines belong to lineage 5 (Ingelvac PRRS MLV) and 8 (Fostera PRRS),
respectively, based on the classification system (33). Therefore, the
degree of heterologous protection by the PRRSV MLV vaccines is not
influenced by the PRRSV challenge viruses, which are not derived
from the vaccine virus. To the best of our knowledge, this is the first
comparative study evaluating 4 commercial MLV vaccines, currently
available on the Korean market, under the same experimental condi-
tions. The results of this study are important because they provide
swine producers and practitioners with valuable clinical information
to better select future PRRSV vaccines.
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