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Abstract

Background: Porcine reproductive and respiratory syndrome virus (PRRSV) causes devastating disease characterized
by reproductive failure and respiratory problems in the swine industry. To understand the recent prevalence and
genetic diversity of field PRRSVs in the Republic of Korea, open reading frames (ORFs) 5 and 7 of PRRSV field
isolates from 631 PRRS-affected swine farms nationwide in 2013–2016 were analyzed along with 200 Korean field
viruses isolated in 2003–2010, and 113 foreign field and vaccine strains.

Results: Korean swine farms were widely infected with PRRSVs of a single type (38.4 and 37.4% for Type 1 and
Type 2 PRRSV, respectively) or both types (24.2%) with up to approximately 83% nucleotide sequence similarity to
prototype PRRSVs (Lelystad or VR2332). Phylogenetic analysis based on the ORF5 nucleotide sequence revealed that
Korean Type 1 field isolates were classified as subgroups A, B, and C under subtype 1, while Korean Type 2 field isolates
were classified as lineages 1 and 5 as well as three Korean lineages (kor A, B, and C) with the highest infection prevalence
in subgroup A (50.5%) and lineage 5 (15.3%) for Type 1 and Type 2 PRRSV, respectively, among ORF5-positive farms. In
particular, the lineages kor B and C were identified as novel lineages in this study, and lineage kor B comprised only the
field viruses isolated from Gyeongnam Province in 2014–2015, establishing regionally unique genetic characteristics. It has
also recently been confirmed that commercialized vaccine-like viruses (subgroup C) of Type 1 PRRSV and NADC30-like
viruses of Type 2 PRRSV (lineage 1) are spreading rapidly in Korean swine farms. The Korean field viruses were also
expected to be antigenically variable as shown in the high diversity of neutralizing epitopes and N-glycosylation sites.

Conclusions: This up-to-date information regarding recent field PRRSVs should be taken into consideration when
creating strategies for the application of PRRS control measures, including vaccination in the field.
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Background
Porcine reproductive and respiratory syndrome virus
(PRRSV) is one of the most common and economically
significant infectious diseases in the pig industry world-
wide [1, 2]. This virus causes clinical disease character-
ized by reproductive failure in pregnant sows and acute
respiratory illness in growing pigs, causing increased pre-
weaning mortality [3, 4]. PRRSV is a small-enveloped,
single-stranded, non-segmented, and positive-sense RNA
virus that is a member of the genus Arterivirus in the fam-
ily Arteriviridae and order Nidovirales [5–7] he PRRSV
genome is approximately 15 kb in size, composed of a 5′-
untranslated region (UTR), 10 open reading frames
(ORFs), designated ORF1a, ORF1b, ORF2a, ORF2b, and
ORF3–7 including ORF5a, and a 3′-UTR [8–11]. ORF1a
and ORF1b encode replication-related polymerase pro-
teins that can be autoproteolytically cleaved into at least
16 nonstructural proteins (NSPs) [12–16]. ORFs 2a
through 7 encode the following viral structural proteins:
six envelope-associated proteins (GP2a, E, GP3, GP4, GP5,
and M) and the nucleocapsid (N) protein [11, 17–19].
ORF5 encodes the major viral envelope protein GP5. As
the most variable structural gene of PRRSV, GP5 plays an
important role in viral assembly, infectivity, and the induc-
tion of neutralizing antibodies [20–23]. Owing to its high
degree of genetic diversity, the ORF5 sequence has been
used for diagnostic identification and classification of
PRRS field viruses [4, 24–26].
PRRSV is divided into two major genotypes: Type 1

(European type) and Type 2 (North American type)
PRRSV. Lelystad and VR2332 are considered reference
strains of Type 1 and Type 2 PRRSV, respectively [27].
Type 1 and Type 2 PRRSV exhibit approximately 60%
genomic sequence identity, and 20% nucleotide sequence
variability within each genotype [28, 29]. Owing to the
emergence of highly diverse field viruses, global phyl-
ogeny using the ORF5 sequence is characterized by
many groups (subtypes 1–4 for Type 1 PRRSV and line-
ages 1–9 for Type 2 PRRSV) within each of the geno-
types, composed of genetically and geographically
distinct PRRSVs [30, 31].
Previous studies have also reported the genetic diver-

sity and phylogeny of PRRSVs circulating in the Republic
of Korea [32–34]. Type 2 PRRSV has infected swine
farms since the mid-1980s [35], while Type 1 PRRSV has
spread rapidly since its first detection in 2005 [33]. How-
ever, there has been no study regarding the current
prevalence and genetic characteristics of PRRSV in
PRRS-affected swine farms nationwide. Recent surveys
among swine farmers in the Republic of Korea revealed
that over 50% of swine farms have suffered from PRRS,
which has been recognized as the most economically im-
portant disease in this industry. Combined with the
introduction of new modified live vaccines into swine

farms over the past three years, the active circulation of
field viruses has increased concern regarding the estab-
lishment of novel genetic components, and the emer-
gence of antigenic or virulent variants. The following
study was conducted to investigate the prevalence, gen-
etic characteristics, and phylogeny of Korean field
PRRSVs in recent years (2013–2016).

Methods
Study design
Clinical samples (lung tissues and sera) submitted to
diagnostic labs (Animal and Plant Quarantine Agency
and Jeonbuk National University) were collected from
pigs (mostly older than 4 weeks old) with poor growth
and respiratory illness between 2013 and 2016. All sam-
ples were tested by multiplex reverse transcription-
polymerase chain reaction (RT-PCR) for amplification of
ORF7 with primers designed to detect Type 1 and Type
2 PRRSV simultaneously. Virus isolation using ORF7-
positive samples was attempted in the MARC-145 cell line
and porcine alveolar macrophages (PAMs). Selected viral
isolates were sequenced for ORF5, and further subjected
to genetic analysis and compared with Korean field viruses
isolated in 2003–2010, commercial vaccine strains (DV of
Porcilis® PRRS, VP-046 of UNISTRAIN® PRRS, Ingelvac
PRRS MLV of Ingelvac PRRS® MLV, and P129 of Fostera®
PRRS) commonly used in the Republic of Korea, PRRSV
prototype strains (VR2332 and Lelystad), and field isolates
previously reported from other countries.

Sample collection
A total of 631 clinical samples (lung tissues and sera)
were obtained from swine farms located in provinces
nationwide: Gyeonggi (n = 107), Chungbuk (n = 9),
Chungnam (n = 27), Jeonbuk (n = 69), Jeonnam (n = 35),
Gyeongbuk (n = 61), Gyeongnam (n = 307), Gangwon
(n = 1), and Jeju (n = 15) in 2013–2016. The lung tissues
were homogenized in Dulbecco’s minimum essential
medium (20% w/v) and filtered (0.45-μm filter). The lung
homogenates and sera were stored at − 70 °C until use.

RT-PCR
Total RNA was extracted from the lung homogenates
and sera using the RNeasy mini kit (Qiagen, Hilden,
Germany), in accordance with the manufacturer’s in-
structions. To detect and differentiate between Type 1
and Type 2 PRRSV, samples were first subjected to
multiplex RT-PCR using genotype-specific ORF7
primers (Table 1) and a OneStep RT-PCR kit (Qiagen),
which can simultaneously amplify PCR products of 398
and 433 base pairs (bp) for Type 1 and Type 2 PRRSV,
respectively. The ORF7-positive sera were further sub-
jected to RT-PCR for ORF5 amplification. The ORF5
genes of PRRSV were amplified with two pairs of primers
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[33] for Type 1 and Type 2 PRRSV (Table 1), generating
PCR products of 754 and 716 bp, respectively. The ampli-
fication reaction consisted of 2.5 μl of 5× RT-PCR buffer
(including 2.5 mM MgCl2), 0.2 mM dNTPs, 0.2 μM of
each primer, 0.5 μl of the enzyme mix, and 5 μl of RNA
extract in a final volume of 25 μl. RT-PCR was performed
by reverse transcription for 30 min at 50 °C, termination
of reverse transcription for 15 min at 95 °C, followed by
35 cycles of 20 s at 94 °C, 20 s at 55 °C, 30 s at 72 °C, and
a final extension of 10 min at 72 °C in a C1000 Thermal
Cycler (Bio-Rad, Hercules, CA, USA). The RT-PCR ampli-
cons were analyzed using 1% agarose gel electrophoresis.

Nucleotide (NT) and amino acid (AA) sequences and
phylogenetic tree analysis
Amplified ORF5 products (n = 542) were purified using
the QIAquick Gel Extraction Kit (Qiagen) and se-
quenced (Macrogen, Seoul, Korea). Multiple sequence
alignment was initially carried out and homology of the
NT and AA sequences among the PRRSV isolates was
determined with CLC Main Workbench ver. 7.0.3. ORF5
sequences were subjected to analysis of neutralizing epi-
topes (NEs), putative N-glycosylation sites (Asn-Xaa-Ser/
Thr), and phylogenetic trees compared with those of Ko-
rean field viruses (n = 200) isolated between 2003 and
2010, field isolates of foreign countries (n = 109), includ-
ing PRRSV prototype strains (VR2332 and Lelystad), and
vaccine strains (n = 4) used in the Republic of Korea,
available in the GenBank database. The phylogenetic tree
was constructed using MEGA6 software with the
neighbor-joining method and bootstrap values were
calculated on 1000 replicates.

Results
Prevalence of PRRSVs in the Republic of Korea from 2013
to 2016
Among the 631 clinical samples subjected to ORF7 RT-
PCR, 38.4% (242/631) were positive for Type 1 PRRSV,
37.4% (236/631) were positive for Type 2 PRRSV, and
24.2% (153/631) were positive for both PRRSV genotypes

(Fig. 1). In terms of geographical prevalence by geno-
type, Type 1 was more prevalent in Gyeonggi and
Jeonbuk Provinces, while Type 2 mainly infected in
Gyeongbuk Province. Both genotypes were almost
equivalently present in the remainder of the provinces.

Phylogenetic analysis and sequence homology
Phylogenetic analysis based on global PRRSV phylogeny
[30, 31] indicated that all of the Korean isolates (n = 542)
from 2003 to 2016 analyzed in this study were classified
into pan-European subtype 1 for Type 1 PRRSV, and lin-
eages 1, 4, and 5 and three Korean lineages (lineage kor A,
B, and C) for Type 2 PRRSV. Regarding the recent Korean
Type 1 field viruses (n = 295) isolated in 2013–2016, all of
the isolates were classified into subgroups A (n = 274), B
(n = 1), and C (n = 20) under subtype 1 (Fig. 2a) with
infection prevalence rates of 50.5% (274/542), 0.18% (1/
542), and 3.69% (20/542) among ORF5-positive farms, re-
spectively. The recent Korean isolates of subgroup A were
grouped with 77 Korean field viruses, two Korean refer-
ence strains (E38 and KNU-07) isolated in 2005–2009,
and a Spanish strain, CRESA11. One isolate of subgroup B
was grouped with four Korean field viruses isolated in
2005–2009, a Thai isolate (03RB1), and 12 European
reference strains. Subgroup C was formed with only 20
recent Korean isolates, Lelystad, two vaccine strains
(DV and VP-046), and 13 European reference strains.
Meanwhile, subtypes 2, 3, and 4 were formed with only
Eastern European reference strains. NT (AA) sequence
similarity to Lelystad was 84.9–89.8% (82.2–91.6%), 85.
9% (85.6%), and 93.9–98.4% (90.1–96.5%) in subgroups
A, B, and C of field viruses isolated in 2013–2016, respect-
ively. Meanwhile, NT (AA) sequence similarity rates to
Lelystad were 87.8–90.9% (86.1–91.6%) and 85.8–86.9%
(85.2–89.1%) for subgroups A and B of field viruses iso-
lated in 2005–2009, respectively. In terms of sequence
similarity to vaccine strains, NT (AA) sequence similarity
to DV was similar to Lelystad for field viruses isolated in
2013–2016 as well as in 2005–2009. NT (AA) sequence
similarity to VP-046 was 84.2–88.9% (81.7–92.6%), 85.5%

Table 1 Primer sequences for amplification of ORF5 and ORF7

Type Primer Product
(bp)Position Sequence

1 Forward 14,653–14,671 (ORF7) 5’-ATGGCCAGCCAGTCAATCA-3’ ORF7 (398)

Reverse 15,030-15,050 (3’NCR) 5’-TCGCCCTAATTGAATAGGTGA-3’

Forward 13,444–13,461 (ORF4) 5’-AATGAGGTGGGCYACAACC-3’ ORF5 (754)

Reverse 15,030–15,050 (ORF6) 5’-GCGTGACACCTTAAGGGC-3’

2 Forward 14,933–14,951 (ORF7) 5’-ATGGCCAGCCAGTCAATCA-3’ ORF7 (433)

Reverse 15,346–15,365 (3’NCR) 5’-TCGCCCTAATTGAATAGGTGA-3’

Forward 13,759–13,778 (ORF4) 5’-CCATTCTGGTGGCAATTTGA-3’ ORF5 (716)

Reverse 14,455–14,474 (ORF6) 5’-GGCATATATCATCACTGGCG-3’
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(86.1%), and 93.7–99.8% (90.6–99.5%) in subgroups A,
B, and C of field viruses isolated in 2013–2016, while
86.8–89.8% (85.6–91.1%), and 85.5–87.5% (85.2–88.6%) in
subgroups A and B of field viruses isolated in 2005–2009,
respectively (Table 2A).
The Korean Type 2 field viruses (n = 247) isolated in

2013–2016 were classified into five different lineages:
lineage 1 (n = 9), lineage 5 (n = 83), lineage kor A (n = 33),
lineage kor B (n = 72), and lineage kor C (n = 50) (Fig. 2b),
with infection prevalence rates of 1.66% (9/542), 15.3%
(83/542), 6.08% (33/542), 13.2% (72/542), and 9.22% (50/
542) among ORF5-positive farms, respectively. The recent
isolates of lineage 1 were grouped with highly virulent vi-
ruses of the United States (NADC30 virus, MN184, etc.)
and China (Fig. 1c). The recent isolates of lineage 5 were
grouped with 57 Korean viruses, three Korean reference
strains (CA-1, PL97-1, and LMY) isolated in 2005–2009
[36], and VR2332, Ingelvac PRRS MLV, and so on. Mean-
while, three Korean lineages (kor A, B, and C) formed
their own group separate from PRRSVs isolated from for-
eign countries. Importantly, lineage kor B was grouped
only with recent field viruses isolated in 2014–2016, while
lineages kor A and C included 24 and 32 field viruses

isolated in 2003–2010, respectively [32, 36]. NT (AA)
sequence similarity rates to VR2332 were 82.3–86.9%
(81.7–87.6%), 87.6–99.3% (85.6–99.0%), 85.1–89.1%
(82.1–87.6%), 85.7–89.1% (83.6–90.1%), and 85.2–86.4%
(83.6–86.1%) for lineages 1 and 5 and lineages kor A, B,
and C of field viruses isolated in 2013–2016, respectively.
Meanwhile, NT (AA) sequence similarity rates to VR2332
were 88.9% (88.1%), 88.9–99.5% (88.1–99.0%), 87.6–89.6%
(82.6–88.6%), and 84.7–87.1% (84.1–88.6%) for lineages 4
and 5 and kor A and C of field viruses isolated in
2003–2010, respectively. Regarding sequence similar-
ity to vaccine strains, NT (AA) sequence similarity to
Ingelvac PRRS MLV was highly similar to VR2332 for
field viruses isolated in 2013–2016 as well as in 2003–2010.
NT (AA) sequence similarity to P129 was 85.2–86.6%
(84.6–86.6%), 86.7–91.7% (84.6–91.5%), 85.6–89.2%
(85.1–90.1%), 86.1–89.1% (85.1–89.1%), and 82.6–86.9%
(81.6–87.6%) in lineages 1 and 5 and kor A, B, and C of
field viruses isolated in 2013–2016, while 89.7% (89.1%),
88.2–91.9% (88.1–92.5%), 87.2–90.2% (86.1–93.0%), and
85.4–88.1% (84.1–89.1%) in lineages 4 and 5 and kor A
and C of field viruses isolated in 2003–2010, respectively
(Table 2B).

Fig. 1 Geographic distribution of Korean field viruses infected in 631 swine farms with respect to single (Type 1 or Type 2 PRRSV) and
co-infection (Type 1 & 2 PRRSV)
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NEs and N-glycosylation sites of ORF5 amino acid
sequences
NT sequence deletions or additions in the ORF5 se-
quence were not observed in the Korean isolates. Korean
Type 1 PRRSV showed 7 and 25 different AA sequences
of NEs (residues 29–35) [23] for field viruses isolated in
2005–2009 and 2013–2016, respectively. For Type 2
PRRSV, 12 and 23 different AA sequences in NEs (resi-
dues 37–45) [37] were observed for Korean field viruses
isolated in 2003–2010 and 2013–2016, respectively. NEs
(WSFADGN for DV or Lelystad, WSFVDGN for VP-
046, SHLQLIYNL for Ingelvac PRRS MLV, or VR2332
and SHFQLIYNL for P129) of vaccine or PRRSV proto-
type strains (VR2332 and Lelystad) were compared with
those of field isolates (Table 3). NEs of vaccine or
PRRSV prototype strains were observed in 91.4% (74/81)
and 80.0% (236/295) of Type 1 PRRSV field isolates of
2005–2009 and 2013–2016, and 67.5% (77/114) and 61.1%
(151/247) of Type 2 PRRSV field isolates of 2003–2010 and
2013–2016, respectively. The NE (WSFADGN) of DV or
Lelystad appeared as a main epitope in subgroups A, B, and
C for all Korean Type 1 PRRS isolates, while the NE
(SHLQLIYNL) of Ingelvac PRRS MLV or VR2332 was ob-
served as the primary epitope of all Type 2 PRRSV lineages
except for kor A and B of field isolates of 2013–2016, in
which the NE (SHFQLIYNL) of P129 was the primary epi-
tope. Regarding the pattern of N-glycosylation (number
and sites of N-glycosylation), putative N-glycosylation sites
were found at residues 37, 46, and 53 among the majority
of Type 1 PRRS field isolates, resulting in 37-46-53 as the
main N-glycosylation pattern throughout all subgroups in
2005–2016. In contrast, even if the putative N-glycosylation
sites were highly conserved at residues 44 and 51 for Type
2 PRRS field isolates, the N-glycosylation pattern was sig-
nificantly variable regardless of isolation year and lineage:
4–5 sites (residues 30, 33, 34, 44, 51, and 59) for lineage 1,
3–5 sites (residues 30, 32–35, 43, 44, 50, and 51) for lineage
5, 2–4 sites (residues 32–35, 44, and 51) for lineage kor A,
2–4 sites (residues 32–35, 43, 44, 50, and 51) for lineage
kor B, and 2–5 sites (residues 30, 32–35, 44, and 51) for
lineage kor C. Although the N-glycosylation pattern of
Ingelvac PRRS MLV (30-33-44-51) was identified as the
main pattern in lineages 1 and 5 of field viruses isolated in
2003–2010, novel N-glycosylation patterns appeared highly
dominant overall. The N-glycosylation pattern (34-44-51)
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6, 7, 8, 9
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Korea 
Lineage B

New 
Korea 
Lineage A

Lineage 1

Lineage 
3,4

2

3
1

Lineage 5

83 strains (2013-2016)
(KU666058~KU666060, KU666065~KU666067, KU666072~KU666073,
KU666076~KU666078, KU666080~KU666081, KU666083, KU666087,
KU666095, KU666097~KU666098, KU666103, KU666110, KU666112~
KU666116, KU666124~KU666126, KU666128, KU666137, KU666140~
KU666141, KU666143, KU666146~KU666147, KU666149~KU666150,
KU666169~KU666171, KU666175, KU666177~KU666178, KU666187,
KU666191, KU666199~KU666203, KU666206, KR154414, KR154421,
KR154442~KR154444, KX793046 , KX793054~ KX793055, KX793049,
KX793075~ KX793076, KX793078, KX793080, KX793082~ KX793083,
KX79088~KX793089)

57 strains (2005-2009) 
(JQ656134~JQ656135, JQ656139, JQ656141, JQ656152, JQ656161, 
JQ656164, JQ656161, JQ656164, JQ656169~JQ656170, JQ656174, 
JQ656176~JQ656179, JQ656182, JQ656190~JQ656193, JQ656204~
JQ656205, JQ656210~JQ656211, JQ656219, JQ656221~JQ656222, 
JQ656224, JQ656227~JQ656229, JQ656231~JQ656233, JQ656242, 
JQ656252, JQ656255~JQ656256, JQ656263, JQ656266, JQ656268, 
JQ656273, JQ656276, JQ656279~JQ656280, JQ656282, JQ656286, 
JQ656291, JQ656295~JQ656296, JQ656305~JQ656307, JQ656310, 
JQ656314, JQ656316, JQ656322, JQ656327)

Lineage kor B

72 strains (2014-2016)
(KR154354, KR154357~KR154359, KR154366, KR154400, KR154401,
KR154404, KR154419, KR154420, , KR154426, KR154429~KR154439,
KR154448, KR154378, KU666061~KU666064, KU666068, KU666069,
KU666075, KU666085, KU666094, KU666105, KU666106, KU666120,
KU666129, KU666131~KU666133, KU666136, KU666138, KU666145,
KU666153~KU666156, KU666158, KU666160, KU666162, KU666163,
KU666167, KU666168, KU666182, KU666184, KU666192, KU666194,
KU666195, KU666197, KU666204, KX757785~KX757787, KX757792,
KX757801, KX757806, KX793047, KX793048, KX793056, KX793077,
KX793079, KX793081)

Lineage kor A

33 strains (2013-2016)
(KR154351, KR154355, KR154356, KR154360, KR154365, KR154369,
KR154372, KR154399, KR154407, KR154409, KR154410, KR154417,
KR154418, KR154423, KR154424, KU666088, KU666090, KU666091,
KU666100, KU666107, KU666111, KU666121, KU666123, KU666152,
KU666189, KU666190, KX793051~KX793053, KU666082, KX793084,
KX793090, KX757793)

24 strains (2003-2010) 
(JQ656131, JQ656132, JQ656136, JQ656140, JQ656142, JQ656143, 
JQ656147~JQ656151, JQ656156~JQ656158, JQ656166, JQ656168, 
JQ656172, FJ972716, FJ972730, FJ972736, JF681189, JF681205, JF681210, 
DQ473447)

Lineage 1

9 strains (2014-2016)
(KR154367, KR154391, KU666079, KU666185, KU666193, KU666207, 
KX757800, KX757803, KX793074)

Lineage 4

1 strain (2005)
(JQ656146) 

Lineage 5

Reference field strains
1. VR2332 (EF536003_USA) 
2. S1 (DQ459471_China)
3. RespPRRS MLV (AF066183_)
4. PRRSV0004283(DQ478179_USA)
5. PA8 (AF176348_Canada)
6. NADC-8 (U66394_)
7. CA-1 (FJ194950_Korea) 1
8. PL97-1 (AY585241_Korea) 2
9. LMY (DQ473474_Korea) 3
10. Ingelvac PRRS® MLV (U87392_USA) 1
11. BJ-4 (AF331831_)

Lineage 6
Reference field strains
1. PRRSV0000008765 (EU758777_USA)
2. PRRSV0000009234 (EU759139_USA) 

Lineage 8

Reference field strains
1. JA142 (AY424271_)
2. IngelvacATP (DQ988080_USA)
3. PRRSV19 (AF176441_USA)
4. NVSL97-7985IA1-4-2 (AF325691_USA)
5. SDSU73 (JN654458_USA)
6. CH-1a (AY032626_China)
7. Yizheng 06 (EU148495_)
8. CG (EU864231_China)
9. JX143 (EU708726_China)
10. JXwn06 (EF641008_China)
11. Fostera ® PRRS (AF494042_USA) 2
12. HB-1(sh)/2002 (AY150312_China)
13. HB-2(sh)/2002 (AY262352_China)
14. HUN4 (EF635006_China)
15. JXA1 (EF112445_China)

Lineage 3

Reference field strains
1. FJ-1 (AY881994_China)
2. MD-001 (AF121131_Taiwan)
3. NT8 (EU273687_Taiwan)
4. TY1 (EU273667_Taiwan)

Lineage 2

Reference field strains
1. PRRSV0001028 (DQ475573_USA)
2. PRRSV0000006493 (EU757121_USA)

Lineage 1

Reference field strains
1. NADC31 (JN654459_USA)
2. JL580 (KR706343_China)
3. PRRSV0000006843 (EU757423_USA)
4. NADC30 (JN654459_USA) 
5. MN184A (DQ176019_USA)
6. MN184B (DQ176020_USA)
7. MN184C (EF488739_USA)
8. PRRSV0000874 (DQ475450_USA)
9. HENAN-HEB (KJ143621)
10.HENAN-XINX (KF611905)
11.CHsx1401 (KP861625_China)
12. HNjz15-1 (KT945017)     

Reference field strains
1. EDRD-8 (AB175720_Japan)
2. Gu922M (AB175721_Japan)

Lineage 4

Reference field strains
1. PRRSV44 (AF176466_USA)
2. PRRSV40 (AF176462_)  

Lineage 9

Reference field strains
1. PrimePac (DQ779791_USA)
2. SP (AF184212_)
3. Neb-1 (EU755263_USA)

Lineage 7

Lineage 2

New 
Korea 
Lineage C

Lineage kor C

50 strains (2013-2016)
(KR154352, KR154353, KR154361~KR154363, KR154370, KR154371, 
KR154377, KR154382, KR154385, KR154388~KR154390, KR154393, 
KR154394, KR154396, KR154402, KR154411, KR154415, KR154416, 
KR154422, KR154425, KR154427, KR154445, KR154446, KU666070,
KU666071, KU666074, KU666096, KU666099, KU666101, KU666102, 
KU666109, KU666117, KU666118, KU666134, KU666157, KU666159, 
KU666165, KU666173, KU666174, KU666179, KU666181, KX757783, 
KX757791, KX757798, KX793050, KX793085, KX793086, KX793087)

32 strains (2005-2009)
(JQ656130, JQ656137, JQ656153, JQ656159, JQ656160, JQ656162, 
JQ656165, JQ656167, JQ656175, JQ656181, JQ656183, JQ656290, 
JQ656202, JQ656203, JQ656225, JQ656246, JQ656250, JQ656257, 
JQ656264, JQ656269, JQ656283, JQ656289, JQ656292 JQ656294, 
JQ656298, JQ656300, JQ656315, JQ656321, JQ656323~JQ656325)

a

2

1

1

2

Reference field strains
1. E38 (KT033457_Korea) 1
2. KNU-07 (FJ349261_Korea) 2
3. CRESA11 (DQ009626_Spain) 
4. CP6874 (EF031042_Korea)

Reference field strains
1.  IV3140 (DQ355821_Korea)
2.  03RB1 (AY297124_Thailand)
3. 361-4 (AY035915_)
4. KT (EU071226_Czech Republic)
5. Dzi-62 (DQ324675_Poland)
6. IT8 (AY739964_Italy)
7. L56_2_91 (AY035935_)
8. IT19 (AY739975_Italy)
9. IT62 (AY743932_Italy)
10. 2567_96 (AY035932_)
11. IT7 (AY739963_Italy)
12. IT15 (AY739971_Italy)
13. Sok-4 (DQ324684_Poland)
14. 28639_98 (AY035912_)

Reference field strains
1. Bor-41 (DQ324671_Belarus)
2. NB (EU071241_Russia)
3. KH-3 (EU071235_Russia)
4. BK (EU071231_Russia)
5. PMP (EU071243_Russia)
6. BT-2 (EU071247_Russia)
7. KZ-2 (EU071239_Russia)
8. ZV (EU071245_Russia)
9. MB-2 (EU071238_Russia)
10. KH-2 (EU071234_Russia)
11. Eig (KC714026_Lithuania)
12. GK (EU071251_Russia)

Reference field strains
1. Mik (KC714030_Latvia)
2. Sel (KC714030_Latvia)
3. Ulb-7M (KC714035_Latvia)
4. PK (EU071229_Belarus)
5. Okt-35 (DQ324677_Belarus)

Subtype 1
(subgroup A)

Reference field strains
1.  Porcilis (AY743931_Italy)
2. Ulb-64 (KC714039_Latvia)
3. Kre (KC714036_Lithuania)
4. Lelystad (M96262_Netherland) 
5. CRESA13 (DQ009637_Spain)
6. EuroPRRSV (AY366525_USA)
7. Che-46 (DQ324673_Poland)
8. Prz-66-70 (DQ324679_Poland)
9. CRESA9 (DQ009634_Spain)
10. CRESA22 (DQ009645_Spain)
11. Pyrsvac-187 (DQ324681_Spain)
12. Amervac PRRS (DQ324668_Spain)
13. CRESA14 (DQ009638_Spain)
14. IT42 (AY739998_Italy)

Reference vaccine strains
15. Porcilis® PRRS (KF991509_Netherland) 1
16. UNISTRAIN® PRRS (DQ345725_Spain) 2

(subgroup B)

Subtype 4 

Subtype 3
Reference field strains
1. Zad-1 (DQ324694_Belarus)
2. Yuz-34 (DQ324694_Belarus)
3. lena (JF802085_Belarus)
4. Vos-49 (DQ324690_Belarus)
5. Bel-42 (DQ324669_Belarus)
6. Soz(f2) (EU071227_Belarus)
7. Soz-6 (DQ324669_Belarus)
8. Soz(f3) (EU071228_Belarus)
9. WB40 (KC714039_Lithuania)
10. WB58 (KC714042_Lithuania)
11. WB39 (KC714038_Lithuania)
12. WB38 (KC714037_Lithuania)
13. WB42 (KC714041_Lithuania)
14. WB41 (KC714040_Lithuania)

Subtype 2

Subtype 1 Korean isolates – subgroup A

[CRESA11(DQ009626_Spain) like group] 

274 strains (2013-2016)
(KR559562~KR559600, KR559602~KR559605, KR559607~KR559613,
KR559615~KR559625, KR559627~KR559643, KR559645, KR559646,
KR559648~KR559657, KR559659~KR559664, KR559666~KR559676,
KU666208~KU666212, KU666215~KU666222, KU666226, KU666228,
KU666230~KU666245, KU666247~KU666249, KU666251, KU666252,
KU666254~KU666257, KU666259~KU666262, KU666264~KU666277,
KU666279, KU666281, KU666283~KU666290, KU666292, KU666293,
KU666295~KU666304, KU666306~KU666311, KU666313~KU666315,
KU666317~KU666321, KU666323, KU666325, KU666326, KU666328,
KU666329, KU666331, KU666332, KU666334~KU666339, KU666341~
KU666343, KU666345, KU666347, KU666349, KU666351~KU666356,
KU666358, KU666359, KU666361, KU666364~KU666366, KU666372,
KU666373, KU666375, KU666376, KU666378, KU666379, KU666381
~KU666388, KX793037~KX793044, KX793057~KX793068, KX793070~
KX793073, KX793091~KX793094, KX797807)

77 strains (2005-2009) 
(JQ656015~JQ656018, JQ656020, JQ656023~JQ656026, JQ656028, JQ656029,
JQ656031~JQ656034, JQ656036, JQ656038~JQ656040, JQ656042, JQ656043,
JQ656045, JQ656046, JQ656048, JQ656050, JQ656053, JQ656054, JQ656056,
JQ656057, JQ656060, JQ656062, JQ656063, JQ656065, JQ656068~JQ656072,
JQ656074, JQ656077~JQ656087, JQ656089~JQ656092, JQ656094, JQ656095,
JQ656098~JQ656100, JQ656102, JQ656104, JQ656107, JQ656109~JQ656114,
JQ656116, JQ656117, JQ656119, JQ656120, JQ656122, JQ656125, JQ656127~
JQ656129)

Subtype 1 Korean isolates- subgroup B

[03RB1(AY297124_Thailand)like group]

1 strain (2013-2016) 
(KR559606)

4 strains (2005-2009) 
(JQ656021, JQ656030 , JQ656076, JQ656123)

Subtype 1- subgroup C (vaccine like group)

[DV (KF991509_Netherland), VP-046 (DQ345725_Spain)]

20 strains (2013-2016) 
(KR559601, KR559626, KR559644, KR559665, KU666213, KU666214, 
KU666223~KU666225, KU666227, KU666229, KU666362, KU666367, 
KU666369~KU666371, KU666374, KX757821, KX793045, KX793069)

Subtype 2

Subtype 1
(subgroup A)

Subtype 1
(subgroup B)

Subtype 4 

Subtype 3

Subtype 1
(subgroup C)

Fig. 2 Phylogenetic analysis using ORF5 nucleotide sequences of Type
1 (a) and Type 2 PRRS (b) field isolates obtained from this study and the
GenBank database. The tree was constructed by maximum-likelihood
method and the grouping was referred from the previous studies [30,
31, 56]. Prototype viruses of each type, vaccine viruses used in Korean
swine farms and Korean reference strains were marked with ◆, ★ and
▲, respectively. CRESA11 was marked with ●. A group of NADC30-like
viruses was magnified in (c)
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of VR2332 was identified in all lineages of Korean field vi-
ruses isolated in 2003–2016, while the N-glycosylation pat-
tern (46-53) of Lelystad was not identified in all field
isolates. Many of the AA changes were observed in hyper-
variable regions of Korean Type 1 (residues 99–106) and
Type 2 (residues 32–39 and 57–61) field viruses isolated in
2013–2016 (Fig. 3).

Discussion
In this study, the recent geographic prevalence and gen-
etic characteristics of Korean PRRSVs were investigated
using field isolates circulating in swine farms nationwide.
RT-PCR of 631 clinical samples (farms) revealed that 38.
4% (242/631) were infected by Type 1 PRRSV, 37.4%
(236/631) were infected by Type 2 PRRSV, and 24.2%
(153/631) were simultaneously infected by both Type 1
and Type 2 PRRSV. When compared with a previous
report [38], in which the single infection rates of Type 1
or Type 2 PRRSV and co-infection of both types in
swine farms were 29.4, 54.4, and 16.2%, respectively, it
was noted that Type 1 PRRSV has become highly preva-
lent in the 10 years following its first isolation in 2005.
In addition, the increased number of farms infected with
both Type 1 and Type 2 PRRSV suggested that effective

control against PRRS in the Republic of Korea might
have to be implemented with the use of control mea-
sures against both genotypes.
All of the Korean Type 1 PRRS viruses were classified

into the subgroups A, B, and C of subtype 1, consistent
with a previous report [34]. The majority of the Korean
Type 1 PRRS isolates (274 isolates from 2013 to 2016
and 77 isolates from 2005 to 2009) belonged to sub-
group A, showing close relatedness with a Spanish
strain, CRESA11. Subgroup B viruses (one isolate from
2013 to 2016 and four isolates from 2005 to 2009) were
grouped with a Thai strain (03RB1) and pan-European
strains. Subgroup C viruses (20 isolates from 2013 to
2016) were grouped with Type 1 PRRS live vaccine
strains (DV and VP-046) and other pan-European
strains. Lee et al. [39] first reported that a Korean isolate
was grouped with DV. However, it is not possible to
define genetic relatedness between the field isolate and
the vaccine strain due to the lack of sequence informa-
tion. Subgroup C viruses (5 DV- and 15 VP-046-like
strains) isolated in this study showed a phylogenetic
closeness to the vaccine strains with greater than 99%
NT sequence similarity without geographical predomin-
ance. Therefore, it has been suggested that the vaccine-

Table 2 ORF5 nucleotide (NT) and amino acid (AA) sequence similarity of subtype 1/subgroups of type 1 PRRSV (A) and lineages of
type 2 PRRSV (B) to prototypes/vaccine strains

Type Isolated year Subtype /Lineage Sequence similarity

prototype Vaccine strain

Lelystad virus DV (Porcilis® PRRS) VP-046 (UNISTRAIN® PRRS)

(A)

1 2005-2009 subtype 1-A 87.8-90.9 (86.1-91.6)a 87.6-91.1 (86.1-91.6) 86.8-89.8 (85.6-91.1)

subtype 1-B 85.8-86.9 (85.2-89.1) 85.3-86.8 (84.2-88.1) 85.5-87.5 (85.2-88.6)

2013-2016 subtype 1-A 84.9-89.8 (82.2-91.6) 85.0-89.6 (82.2-90.6) 84.2-88.9 (81.7-92.6)

subtype 1-B 86.0 (85.6) 85.5 (84.7) 85.5 (86.1)

subtype 1-C 93.9-98.4 (90.1-96.5) 93-4-99.5 (89.6-98.5) 93.7-99.8 (90.6-99.5)

Type Isolated year Subtype /Lineage Sequence similarity

prototype Vaccine strain

VR2332 Ingelvac PRRS MLV (Ingelvac® PRRS MLV) P129 (Fostera® PRRS)

(B)

2 2003-2010 lineage 4 88.9 (88.1) b 88.9 (88.6) 89.7 (89.1)

lineage 5 88.9-99.5 (88.1-99.0) 89.9-99.8 (87.6-99.5) 88.2-91.9 (88.1-92.5)

lineage kor A 87.6-89.6 (82.6-88.6) 86.7-89.7 (84.1-91.5) 87.2-90.2 (86.1-93.0)

lineage kor C 84.7-87.1 (84.1-88.6) 84.7-87.1 (83.6-88.1) 85.4-88.1 (84.1-89.1)

2013-2016 lineage 1 82.3-86.9 (81.7-87.6) 84.9-86.1 (83.1-85.6) 85.2-86.6 (84.6-86.6)

lineage 5 87.6-99.3 (85.6-99.0) 87.9-99.7 (87.1-99.5) 86.7-91.7 (84.6-91.5)

lineage kor A 85.1-89.1 (82.1-87.6) 85.4-88.7 (82.6-88.1) 85.6-89.2 (85.1-90.1)

lineage kor B 85.7-89.1 (83.6-90.1) 85.7-89.1 (83.1-89.6) 86.1-89.1 (85.1-89.1)

lineage kor C 85.2-86.4 (83.6-86.1) 83.6-87.6 (81.2-87.1) 82.6-86.9 (81.6-87.6)
aNT and AA sequence similarity to Type 1 PRRSV prototypes (Lelystad) and vaccine strains (DV and VP-046). Parenthesis indicates AA sequence similarity
bNT and AA sequence similarity to Type 2 PRRSV prototypes (VR2332) and vaccine strains (Ingelvac PRRS MLV, P129). Parenthesis indicates AA sequence similarity
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Table 3 Diverse neutralizing epitopes and putative N-glycosylation sties on GP5 of Korean field PRRSVs isolated in 2003–2016 and
commercial vaccine strains

Type Vaccine
strain/
Isolated year

Subgroup
/Lineage

AA sequence of neutralizing epitopes AA position for putative N-glycosylation sites

1 DV subgroup
C

WSFADGN 37-46-53

VP-046 subgroup
A

WSFVDGN 35-46-53

2005-2009 subgroup
A

WSFADGN(71)a, WSFVDGN(1), WSFADGS(3), WSFASGN(1),
WSFADCN(1)

37-46-53(75), 37-53(2)

subgroup
B

WSFADGN(2), WSFANGN(1), WSFVDGS(1) 37-46-53(3), 37-53(1)

2013-2016 subgroup
A

WSFADGN(214), WSFAYGN(1), WSFVDGN(5),
WSFADGT(7), WSFADGS(11), WSSADGR(1), WSFADGK(2),
WSFANGN(1), WSFADGD(2), WSSADGS(3), WPFADGN(4),
WSSADGN(5), CSFAAGS(4), WSSADGE(1), WSFADGA(1),
WSFADAN(1), WPFAAGS(3), WSFAGGN(2), WSFAEGN(1),
WSSANGS(1), LSFVDCN(1), WPFAEGN(1), YSSANGN(1),
LSYADGS(1)

37-46-53 (252), 37-53 (12), 35-46-53 (2), 33-37-46-53 (1),
37-46-53-61(2), 37-38-46-53(2), 46-53(1), 36-46-53(1), 46
(1)

subgroup
B

WSFANGN(1) 37-46-53(1)

subgroup
C

WSFADGN(15), WSFVDGN(1), WSFVDGS(2), WSFADGS(1),
WSFANGN(1)

37-46-53(14), 35-46-53(4), 37-53(2)

2 IngelvacPRRS
MLV

lineage 5 SHLQLIYNL 30-33-44-51

P129 lineage 8 SHFQLIYNL 32-44-51

2003-2010 lineage 4 SHLQLIYNL 30-33-44-51

lineage 5 SHLQLIYNL(43), SNLQLIYNL(11), SKFQLIYNL(1),
XNLQLIYNL(1), SNLQSIYNL(1)

30-33-44-51(17), 34-44-51(17), 32-33-44-51(7), 33-34-44-
51(3), 32-44-51(2), 30-35-44-51(1), 30-33-43-50(1), 30-33-
34-44-51(4), 30-34-44-51(3), 30-34-35-44-51(1), 33-44-
51(1)

lineage
kor A

SHFQLIYNL(9), SHLQLIYNL(1), SKFQLIYNL(1), SKIQLIYNL(2),
SHIQLIYNL(1), SKLQSIYKL(1), SNLQLIYNL(2), SNFQLIYNL(4),
SKLQLIYNL(3)

32-44-51(5), 33-44-51(5), 33-51(1), 32-33-44-51(3), 32-43-
50(1), 35-43-50(1), 33-43-50(3), 30-33-44-51(1), 34-44-
51(2), 33-34-44-51(1), 30-35-44-51(1)

lineage
kor C

SHLQLIYNL(24), SHLQSIYNL(8) 30-34-44-51(13), 34-44-51(3), 30-44-51(1), 30-33-44-51(2),
33-34-44-51(5), 30-33-34-44-51(4), 30-35-44-51(2), 33-44-
51(2)

2013-2016 lineage 1 SHLQLIYNL(9) 30-33-34-44-51(4), 30-34-44-51(1), 34-44-51-59(2), 33-34-
44-51(1), 30-33-44-51(1)

lineage 5 SHLQLIYNL(77), SKFQLIYNL(2), SNLQLIYNL(3),
SRLQSIYNL(1)

30-33-44-51(48), 32-35-44-51(1), 33-34-44-51(4), 30-33-34-
44-51(10), 34-44-51(7), 30-33-43-50(2), 30-44-51(2), 30-35-
44-51(4), 32-33-44-51(3), 33-44-51(2)

lineage
kor A

SHFQLIYNL(14), SHLQLIYNL(2), SKFQLIYNL(2),
SNLQLIYNL(1), SYSQLIYNL(4), SYSQSIYDL(1),
SYSQSIYNL(1), SKLQLIYNL(4), SKLQLIYNM(1),
SNFQLIYNL(2), SHIQLIYNL(1)

34-44-51(17), 33-44-51(3), 32-33-44-51(6), 32-44-51(3), 32-
35-44-51(2), 33-34-44-51(1), 32-51 (1)

lineage
kor B

SNLQLIYNL(47), SHLQLIYNL(2), STLQLIYNL(12),
STSQLIYNL(1), SKLQLIYNL(7), SNPQLIYNL(1),
SKLQLIYDL(1),SHLQSIYNL(1)

34-44-51(39), 34-43-50(2), 34-35-44-51(6), 33-44-51(4), 34-
51(1), 33-44-51(1), 32-44-51(8), 33-43-50(1), 33-34-44-
51(9), 32-33-44-51(1)

lineage
kor C

SHLQLIYNL(38), SHLQLIYKM(1), SHLQSIYNL(4),
SHSQLIYNL(1), SHFQSIYNL(1), SHLQLIYDL(1),
SQLQLIYNL(3), SHLQLIYKL(1)

30-33-44-51(8), 30-35-44-51(6), 34-44-51(5), 30-34-44-51
(4), 32-35-44-51(1), 32-33-44-51(2), 33-51(1), 30-34-35-44-
51 (4), 33-34-44-51(2), 35-51(1), 34-35-44-51(3), 33-44-51
(6), 30-33-51(1), 30-33-34-44-51(5), 35-44-51(1)

aMain neutralizing epitope and pattern of N-glycosylation site at each subgroup or lineage were underlined
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subgroup A

subgroup C

a

lineage kor A

lineage kor B

lineage 5

lineage kor C

lineage 1

b

Fig. 3 (See legend on next page.)
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like viruses originated from the Type 1 PRRS live
vaccines commercialized in 2014 and would become
highly prevalent over time in the Republic of Korea.
Korean Type 2 PRRS viruses have been divided into

lineages 1, 4, and 5, as well as the Korean lineages kor
A, B, and C based on global PRRSV phylogeny [30]. The
majority of the Korean Type 2 PRRS field isolates
belonged to lineage 5 and the Korean lineages. Lineage 5
viruses were grouped with VR2332-like viruses genetic-
ally close to the Ingelvac PRRS MLV vaccine virus,
which has been used commercially since 1996. The
lineage also included Korean reference field strains,
PL97-1 [40], LMY [32, 33], and CA-1 [41]. Regarding
the emergence of novel Korean lineages, lineages kor B
and C were first classified in this study, while lineage kor
A was first reported as a Korean lineage in a previous
study of field isolates of 2010 [36]. Lineages kor A and C
were observed to include field viruses isolated in 2005–
2009 and 2013–2016, which indicated that these groups
have developed genetic components geographically dis-
tinct from those in foreign countries for longer than
10 years. Meanwhile, lineage kor B comprised only
recent isolates that originated from Gyeongnam Prov-
ince between 2014 and 2016, suggesting that this group
may have recently established regionally unique genetic
properties within the Republic of Korea.
Nine viruses of lineage 1 isolated between 2014 and

2015 were closely related to NADC30, with 92.3–94.9%
NT sequence similarity to NADC30, which was one of
the representative virulent strains along with MN184
and SDSU73 in the United States [42]. Chinese
NADC30-like viruses (HNjz15, JL580, HENAN-HEB,
HENAN-XINX, and CHsx140) were also reported to
cause obvious clinical symptoms in pigs with virulence
comparable to that of NADC30 [43–45]. It should be
noted that the circulation of NADC30-like viruses in the
Republic of Korea has not been previously reported.
Although the virulence of NADC30-like viruses is
known to be less than that of highly pathogenic PRRS
viruses [43], there is a strong need to define the viru-
lence of recent NADC30-like isolates in pigs in Korean
farms. There are two possible explanations for the recent
emergence of NADC30-like viruses. First, the NADC30-
like viruses may have recently been introduced by the
importation of breeding pigs, likely as Chinese
NADC30-like viruses [45]. Second, it has been assumed
that NADC30 was introduced 7–10 years ago, circulated
in a particular environment (e.g., with wild boars as hosts)

based on an estimated mutational change rate (0.78% per
year) of ORF5 NTs identified in previous studies [24, 46],
and was recently transmitted to domestic swine farms in
various ways (e.g., wild boar farming).
The NEs and N-glycosylation patterns of GP5 were

highly variable, and novel epitopes and N-glycosylation
patterns continuously emerged and disappeared in the
field viruses, although this was more apparent in field
viruses isolated in 2013–2016 than in 2003–2010
(Table 3). As expected, NEs of vaccine strains or PRRSV
prototype strains existed in the majority of field isolates
(82.2 and 61.0% for Type 1 and Type 2 PRRSV, respect-
ively) without a preference for a certain subgroup or
lineage. In particular, NEs of DV (or Lelystad)
(WSFADGN) and Ingelvac PRRS MLV (or VR2332)
(SHLQLIYNL) were maintained in approximately 80.4
and 54.6% of field isolates, respectively. It has been spec-
ulated that the dominance of the two NEs might be due
to extensive vaccination using vaccine strains (Ingelvac
PRRS MLV and DV) that originated from PRRSV proto-
type strains. Nevertheless, it has been noted that the
emergence of novel NEs has been significantly expedited
over time in PRRSV field isolates (8.6% of 2005–2009
field isolates vs. 20.3% of 2013–2016 field isolates for
Type 1 PRRSV; 31.8% of 2005–2009 field isolates vs. 42.3%
of 2013–2016 field isolates for Type 2 PRRSV). Regarding
the N-glycosylation pattern, it was interesting to note that
N-glycosylation sites were highly diverse and changeable in
Korean Type 2 PRRS field isolates, while being conserved
in Korean Type 1 PRRS field isolates. NEs and the N-
glycosylation pattern are closely associated with virus
propagation, neutralization, and immunological protection
[47–51]. Therefore, it has been suggested that the strong
preference for mutation of NEs and the N-glycosylation
pattern, particularly in Type 2 PRRSV, might be associated
with limited protective efficacy of PRRS vaccination against
heterologous viruses in the field, as shown in previous
studies [52–54].
Type 2 vaccine-like viruses have become highly preva-

lent since the first use of Ingelvac PRRS MLV in 1996
[32]. In this study, lineage 5, including the Type 2 vac-
cine strain and vaccine-like viruses, showed the highest
prevalence (15.3%) in the field. Likewise, the recent
prevalence of subgroup C, including Type 1 vaccine-like
viruses, is low (3.69%). However, extensive use of Type 1
live vaccines may result in a dramatically increased
prevalence of Type 1 vaccine-like viruses and/or isolation
of field viruses sharing a genomic part of Type 1 live

(See figure on previous page.)
Fig. 3 Multiple alignment of ORF5 amino acid sequences of representative isolates in each subgroup (Type 1 PRRSV) (a) and lineage (Type 2 PRRSV)
(b). The representative isolates were selected based on main amino acid sequence of neutralizing epitope of Type 1 PRRSV (residues 29–35) [23] and
Type 2 PRRSV (residues 37–45) [37]. The solid line box and gray color box represent neutralizing epitope and decoy epiotpe (residues 27–31) [57],
respectively. The dot-line box indicates hypervariable regions [58]
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vaccine strains in the near future, caused by genetic evolu-
tion mechanisms of PRRSV, random point mutations, and
homologous recombination [55]. To minimize the circula-
tion of live vaccine strains in the field, we may have to
strengthen swine farm bio-security to prevent contamin-
ation of live vaccine strains among swine farms vaccinated
with live vaccines. At the same time, limited use of live
vaccines may be recommended in young pigs (3–8 weeks
old) or pregnant gilts/sows of PRRS-affected farms.

Conclusions
This study suggests that PRRS viruses in the Republic of
Korea have recently developed genetic characteristics
geographically distinct from currently prevalent global
PRRS viruses or commercial vaccine strains. Therefore,
further study will be required to evaluate how the estab-
lished genetic characteristics have affected PRRS out-
breaks in domestic swine farms, which will provide
important information for the implementation of control
and preventive measures in swine farms.
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