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Abstracts: Outbreaks of porcine reproductive and respiratory syndrome virus (PRRSV) in vaccinated sow herds from
occurrence to stabilization were monitored and analyzed in terms of serology and reproductive performance. Three
different conventional pig farms experienced severe reproductive failures with the introduction of a type 1 PRRSV.
These farms had adopted mass vaccination of sows using a type 2 PRRSV modified live vaccine (MLV). Therefore,
to control the type 1 PRRSV, an alternative vaccination program utilizing both type 1 and type 2 MLV was undertaken.
Following whole herd vaccinations with both types of MLV, successful stabilization of PRRS outbreaks was identified
based on serological data (no viremia and downward trends in ELISA antibody titers in both sows and suckling piglets)
and recovery of reproductive performance. Additionally, through comparison of the reproductive parameters between
outbreak and non-outbreak periods, it was identified that PRRSV significantly affected the farrowing rate and the number
of suckling piglets per litter at all three pig farms. Comparison of reproductive parameters between periods when the
different vaccination strategies were applied revealed that the number of piglets born in total and born dead per litter
were significantly increased after the introduction of the type 1 PRRS MLV.

Keywords: disease outbreaks, herd immunity, heterologous effects of vaccine, porcine reproductive and respiratory

syndrome virus, reproductive failures

Introduction

Porcine reproductive and respiratory syndrome virus (PRRSV)
has been recognized as one of major pathogens responsible
for tremendous economic losses in the swine industry [22].
There are two main genotypes of PRRSV: genotype 1 (Euro-
pean) and genotype 2 (North American) [7, 28]. Many Asian
countries including Korea harbor both genotypes of PRRSV
[5, 12, 15, 26]. In Korea, the presence of PRRSV genotype 2
was reported in 1994, followed by that of PRRSV genotype
1 in 2006 and both genotypes have been found circulating
concurrently in swine herds [6, 14, 17, 20].

Many strategies have been implemented to control and
eradicate PRRSYV, including management strategies (early wean-
ing, herd closure, acclimatization, and all-in-all-out replace-
ment system), improvement of biosecurity, and vaccination.
Of these measures, vaccination is recognized as a common
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and popular method owing to its low cost and wide applica-
tion [8, 21]. When combined with other measures, vaccina-
tion can be an effective tool for both PRRSV stabilization
and eradication [2, 4].

However, limited or partial cross protection among heterol-
ogous PRRSV strains has been demonstrated by many other
research groups, which underscores the importance of anti-
genic match between vaccines and circulating virus strains
[3, 16, 19, 27]. In this study, we report acute PRRSV out-
breaks in vaccinated sow herds, which were provoked by
limited cross protection against heterologous PRRSV strains
and those stabilization with a proper vaccination strategy.
Also, we provide the case study analyses of how the sow per-
formance and serological data had been changed during the
disease outbreaks and stabilization.
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Materials and Methods

All animals were reared and handled with due regard for
their welfare. Three breeding pig farms (Farms A, B, and C)
were certified by Hazard Analysis Critical Control Point
(HACCP) for sanitation safety in the livestock rearing stage.

The trial was performed at three different farrow-to-feeder
farms with 530, 980, and 980 sows located in the same prov-
ince. These sows had been diagnosed as type 2 PRRSV-pos-
itive, and MLV vaccination against the type 2 virus (Ingelvac
PRRS MLV, Boehringer Ingelheim Animal Health, USA)
had been carried out accordingly over 4 years. However,
unexpectedly, the swine herds had experienced an acute PRRS
outbreak characterized by mid to late term abortions (usually
after 40-day gestation period) with a newly introduced type 1
PRRSYV strain (Fig. 1). As a measure of intervention, a type 1
PRRS vaccine (Unistrain PRRS; HIPRA, Spain) was addi-
tionally administered to the sows while maintaining vaccina-
tion against type 2 PRRSV.

Two different commercial PRRS vaccines were adminis-
tered intramuscularly to the sows according to the manufac-
turer’s instructions. Quarterly vaccination was performed
regardless of pregnancy status; single use of type 2 PRRS
vaccine before the abortion storms and administrations of
both type 1 and 2 PRRS vaccines at one-month interval,
except for the first two consecutive uses of type 1 PRRS
MLYV, after the outbreak occurrence (Fig. 1A). Blood sam-
ples were collected from the sows and suckling pigs one
month before administration of type 1 MLV, 2 months post
the introduction of type 1 PRRS vaccine (2 mpv,), 7 mpv,
and 13 mpv, for further analyses (Fig. 1A). Thirty serum
samples (20 from sows and 10 from suckling piglets) per
each pig farm were collected at each time point.

For determination of the causative agent for abortion, poly-
merase chain reaction (PCR) was performed for PRRSV, por-
cine circovirus type 2, classical swine fever virus, porcine
parvovirus, Aujeszky’s disease virus, Japanese encephalitis
virus, and encephalomyocarditis virus according to the method
as described previously [13, 18, 30]. Additionally, to obtain
PRRSV sequences, the complete region of open reading
frame 5 was amplified following the published method [29].
The obtained PCR products were cloned into the pGEM-T
easy vector (Promega, USA) and propagated in Escherichia
coli DH54 cells. The plasmids were then extracted and used
for sequencing (Macrogen, Korea). For the phylogenetic
analyses, a neighbor-joining tree was constructed using the
MEGA7 software with 1,000 bootstrap replicates.

For the titration of antibodies against PRRSV per individ-
ual serum sample, IDEXX PRRS HerdChek X3 Kit (IDEXX
Laboratories, USA) was utilized. The enzyme-linked immun-
osorbent assay (ELISA) targeting anti-PRRSV nucleocapsid
antibodies was performed according to the manufacturer’s
instructions (positive: sample/positive (S/P) value > 0.4; neg-
ative: S/P value <0.4).

The reproductive performance was evaluated on the basis
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Fig. 1. Experimental schedule for vaccination and blood col-
lection (A) and the changes in the number of abortion cases
with the time course of porcine reproductive and respiratory
syndrome (PRRS) outbreaks (B). The starting point of type 1
vaccination was marked as zero and the abortion cases were
recorded monthly per farm. The arrows in (A) indicate the time
point at which blood collection (open arrows) and vaccination
against type 1 (closed arrows) and type 2 porcine reproductive
and respiratory syndrome virus (PRRSV) (arrows with plaid
patterns) were performed. The lines with unique styles (solid,
dotted, or dash-dot) in (B) represent the periods of data collec-
tion for comparative analysis according to the progress of PRRS
outbreaks.

of fertility traits (pregnancy rate, farrowing rate, abortion
cases, weaning-to-estrus interval, and removal of sows) and
litter traits (total number of piglets born per litter, number of
piglets born dead per litter, number of suckling and weanling
piglets per litter, and percentage of death losses of suckling
pigs). The investigation period for a total of 20 month-points
was subdivided into three sections; Section 1 (before out-
breaks, 6 month-points), Section 2 (during outbreaks, 4 month-
points), and Section 3 (after stabilization, 6 month-points)
(Fig. 1B). The reproductive parameters of three sections were
compared by following orders; Firstly, to identify changes in
the evaluated parameters by the alteration of vaccination
strategy, those of Section 1 and 3 were compared. Secondly,
to determine significantly affected reproductive parameter
during an acute PRRS outbreak, those of Section 2 and Sec-
tion 1 and 3 were compared. The start point of the disease
outbreaks (Section 2) was set to the month of the highest
abortion cases and the duration of Section 2 to three months
(4 month-points) since the effects of abortions are reflected
afterward on the other parameter estimates, especially for lit-
ter traits. Further, to minimize the possible influences by sea-
sonal condition, the sections of before outbreaks and after
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Table 1. PRRSV antigen detection in the serum samples of sows and suckling pigs

Experimental farms

Period Section Type Y B C
-1 mpv, Sows (n=60) 1 + + +
2 - _ -

Suckling pigs (n=30) 1 - + +

2 S _ —

2 mpv, Sows (n = 60) 1 - - -
2 — _ —

Suckling pigs (n=30) 1 + +* -

2 - +* -

7 mpv, Sows (n = 60) 1 - - -
2 — _ —

Suckling pigs (n=30) 1 - - -

2 - _ -

13 mpv, Sows (n=60) 1 - - -
2 - _ -

Suckling pigs (n=30) 1 - - -

2 — _ —

*The PRRSVs were identified as vaccine strains that were used for sow immunization. mpv,, months post the type 1 PRRS vaccine introduction.

stabilization were constructed temporally symmetrical with
12-month interval.

SPSS (ver. 21; SPSS, USA) was used for statistical analy-
sis. For the comparison of reproductive parameters, student -
test and Mann-Whitney test were selectively used according
to the group normality. Statistical significance of p value was
set at 0.05.

Results

PCR results indicated that serum samples were positive
only for PRRSV among several tested pathogens associated
with abortion. In all three pig farms, viremia caused by type
1 and type 2 PRRSV strains was confirmed in both serum
samples of suckling piglets and sows at —1 mpv, and 2 mpv,
(Table 1). A total of nine PRRSV strains were detected in
this study; seven strains were type 1 and the other two strains
were type 2. All the type 2 strains (n =2) and a type 1 strain
(n=1) clustered with the vaccine strains, sharing over 98%
genetic homology, while the other type 1 strains (n = 6) formed
a distinct phylogenetic cluster from the group that contains
type 1 PRRS vaccine strain, exhibiting 12.8-13.3% genetic
differences (Fig. 2). Viremia caused by the field strains of type
1 PRRSV was not detected further in all tested serum sam-
ples collected since 2 mpv,, except for samples from suck-
ling piglets of Farm A collected at 2 mpv, (Table 1). The
PRRSV strain was identified to have genetic identity over
99.5% in ORFS5 nucleotide sequences with the previously
diagnosed one in Farm A.

The mean titer of anti PRRSV antibodies was highest in
sow serum samples collected one month before the use of the
type 1 PRRS vaccine (—1 mpv,) but gradual downward trends
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Fig. 2. Phylogenetic relationships between detected strains of
types 1 and 2 PRRSV and vaccine strains used in this study. The
phylogenetic tree was generated based on ORF5 nucleotide
sequences using the neighbor-joining method. The reliability of
the tree was assessed by bootstrap analysis of 1,000 replications.
The detected PRRSVs were marked by a black circle with the
information on farm, host, and sampling time. The PRRS vac-
cine strains used in this study were indicated by a black triangle.
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Fig. 3. Mean titers of anti-PRRSV antibodies for serum samples from three farms collected at one month before (—1 mpv,), two
months (2 mpv,), seven months (7 mpv,), and thirteen months (13 mpv,) after type 1 PRRS vaccination. S/P ratio, sample/positive ratio.

Table 2. Litter traits of three pig farms during PRRS outbreaks (mean + SD)

Reproductive parameters Farm Before outbreaks During outbreaks After stabilization
Total born/litter" A* 1224033 11.5+£0.62 12.8£0.57
B* 122+0.24 12£0.27 13.4£0.34
C* 11.7+£0.17 11.6 £0.24 12.5+0.23
Dead born/litter” A* 1.6 £0.23 1.8+£0.19 22+0.29
B* 1.7£0.14 25+0.74 2.6+0.22
C* 1.2+£0.04 1.8£0.31 1.7£0.21
Suckling pigs/litter* A* 10.6 £ 0.31 9.7+ 0.66 10.6 £ 0.35
B* 10.6 £0.13 9.5%0.5 10.9+0.28
C* 10.9£0.24 9.8+£0.31 10.8£0.18
Weanling pigs/littert A 10.2+0.26 95+13 10.2+£0.62
B* 10.4£0.36 93+0.84 10.5£0.45
C* 10.7+£0.21 9.7+0.69 10.5%0.16
Death rate of suckling pigs* A* 29+0.83 53+2.73 2.81£0.55
B* 23+0.26 55+1.1 22+0.81
C 224045 2.7+0.8 244053

*Farm showing significant changes in the corresponding parameter when compared by criteria such as vaccine strategy or disease outbreak.
"Significantly affected reproductive parameter in all three different farms by the alteration of vaccine strategy (Section 1 vs. Section 3) (p <
0.05). *Significantly affected reproductive parameter at least two different farms by the acute PRRS outbreaks (Section 2 vs. Section 1 and

3) (p<0.05).

of antibody titer over time was observed in all three farms.
Likewise, in suckling pigs, similar pattern of antibody titer
changes was detected except for in Farm A, in which serum
antibody titer was highest at 2 mpv, (Fig. 3). Except for suck-
ling pigs of Farm A, the mean antibody titers of sows and
suckling pigs at 13 mpv, dropped to below 0.4, the threshold
for defining an antibody positive status.

Interestingly, when reproductive parameters between Sec-
tion 1 and 3 of three farms were compared, significantly
increased number of piglets born in total per litter was com-
monly identified also with comparable increases in piglets
born dead per litter, which resulted in similar productivity in
the number of suckling piglets per litter (Table 2).

A comparison analysis of reproductive parameters between
outbreak period (Section 2) and non-outbreak periods (Sec-

tion 1 and 3) revealed that PRRSV outbreaks had affected
farrowing rate and the number of suckling piglets per litter at
a significantly level in all three pig farms. Additionally, sub-
stantial increase in abortion cases and death rates of suckling
pigs and decrease in pregnancy rate and the number of wean-
ling pig per litter were identified in at two pig farms (Tables
2 and 3).

Discussion

The economic losses caused by PRRSV has been increas-
ing in many countries and the increased portion of breeding
herd compared with growing pig herd is remarkable, which
highlights the importance of PRRSV control in sows [22].
Currently, MLV vaccination is considered as one of the effec-
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Table 3. Fertility traits of three pig farms during PRRS outbreaks (mean + SD)

Reproductive parameters Farm Before outbreaks During outbreaks After stabilization
Pregnancy rate’ (%) A 87.3+3.33 89.8£1.05 86.0 £5.35
B* 86.5+3.10 83.2+2.71 89.4+1.83
C* 90.7 £2.05 87.5+4.75 91.4+1.15
Farrowing rate’ (%) A* 82.0+1.94 72.4£5.56 82.4 £4.46
B* 81.5+3.29 71.3+2.07 82.9+1.62
C* 84.9+1.66 78.3£4.09 86.3£3.08
Removals (%) A 5.0+2.20 33+£1.35 4.0+0.77
B 4.0+£044 3.9+0.76 4.1+£0.92
C 4.0+0.44 3.3£1.29 4.7+0.93
Weaning to estrus interval (d) A 6.6 +0.66 7.3+0.44 7.1+£1.04
B 8.3+ 1.66 6.4+ 0.70 7.4+1.18
C 8.3+ 1.66 6.4+0.70 74+1.18

*Farm showing significant changes in the corresponding parameter when compared by criteria such as vaccine strategy or disease outbreak.
fSignificantly affected reproductive parameter at least two different farms by the acute PRRS outbreaks (Section 2 vs. Section 1 and 3) (p <

0.05).

tive measures against PRRSV infection [21]. We had tried to
control and stabilize unexpected type 1 PRRSV outbreaks in
vaccinated breeding herds via altered vaccination strategy
using both type 1 and 2 PRRS vaccines. In this study, we
report analyses of the field cases in perspective of reproduc-
tive performance and serology.

Downward trends in antibody titers against PRRSV were
observed in sows and suckling pigs of three pig farms over
time after acute PRRS outbreaks, which indicates stabiliza-
tion against the field strains of PRRSV. The continuous decrease
in antibody titers despite the repetitive vaccination can be
attributed to the low replication level of vaccine strains
within host [24, 25]. In the context of replication efficiency,
higher antibody concentration in serum samples of suckling
piglets of Farm A collected at 2 mpv, than that collected at
7 mpv, can be explained by the presence of the field PRRSV
strain.

Disappearance of PRRSV antigen and no rebound of anti-
body titers against PRRSV in serum samples of sows and
suckling piglets until 13 mpv, proved no more active virus
circulation. Although the number of tested samples was not
sufficient to reflect the disease status of whole-herd, repro-
ductive performance recovered from PRRS outbreaks with-
out sign of further exacerbation indirectly supports the
stabilization of PRRSV at the farm level. The concept of
“herd immunity” has been regarded instrumental in the con-
trol and eradication of infectious disease. Highly immunized
group can effectively limit disease circulation and thereby
reduce the chance of non-immunized individuals to be
infected [11]. In these PRRS outbreaks, we had tried to build
herd immunity against PRRSV via mass vaccination and suc-
ceeded the stabilization of PRRSV with recovered reproduc-
tive performance.

Several studies have reported about the influences of MLV
vaccination on sows according to the pregnancy state with

conflicting results [1, 9, 10, 23]. For example, according to
one research group, PRRS-MLV vaccination (Ingelvac PRRS
MLYV; Boehringer Ingelheim Animal Health) of sows during
the gestation period reduced their reproductive performance,
resulting in a decreased number of pigs born alive and weaned
and an increased number of stillborn and mummified fetuses
[10]. Conversely, other research group reported that PRRS-
MLV vaccination (Porcilis PRRS; MSD Animal Health, USA)
of sows at any stage of gestation conferred protection against
PRRSV without any adverse effect [1]. These opposite results
could be related to differences in vaccine strains used for
each investigation. In this view point, different vaccine strain
usage between periods before and after PRRS outbreaks can-
not be excluded as a contributing factor for the significant
changes in the number of piglets born in total and born dead
per litter. Further investigation of sow safety as per PRRS
vaccine strain seems to be needed.

As described in Table 2 and 3, several reproductive param-
eters were found to be significantly affected by PRRS out-
breaks under field conditions. Specifically, notable reduction
in farrowing rate and the number of suckling piglets per lit-
ter after PRRS outbreaks was common in three pig farms,
which represents that these two clinical parameters can be
sensitive criteria estimating the reproductive performance dur-
ing or after disease outbreaks.

In this study, we identified that the type 2 PRRS vaccine
cannot confer cross protection against type 1 PRRSV infec-
tion under field conditions through the observations of abruptly
increased abortion cases. Accordingly, we examined the immu-
nization strategy of using both type 1 and type 2 PRRS vac-
cines in alternate manner following acute PRRS outbreaks
and succeeded in the stabilization of PRRSV with no evi-
dences of adverse effect or virus circulation. Further, we
specified reproductive parameters significantly influenced by
the altered vaccination regimen and PRRS outbreak. These
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findings described in this case study will be a valuable infor-
mation for swine practitioners and producers.
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