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Abstract Porcine reproductive and respiratory syndrome
virus (PRRSV) was first identified in Taiwan in 1991, but
the genetic diversity and evolution of PRRSV has not been
thoroughly investigated over the past 20 years. The aim of
this study was to bridge the gap in understanding of its
molecular epidemiology. A total of 31 PRRSV strains were
collected and sequenced. The sequences were aligned using
the MUSCLE program, and phylogenetic analysis were
performed by the maximum-likelihood method and the
neighbor-joining method using MEGA 5.2 software. In the
early 1990s, two prototype strains, WSV and MDO0O1 of the
North American genotype, were first identified. Over the
years, both viruses evolved separately. The population
dynamics of PRRSV revealed that the strains of the
MDO001 group were predominant in Taiwan. Evolution was
manifested in changes in the nsp2 and ORFS5 genes. In
addition, a suspected newly invading exotic strain was
recovered in 2013, suggesting that international spread is
still taking place and that it is affecting the population
dynamics. Overall, the results provide an important basis
for vaccine development for the control and prevention of
PRRS.
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Introduction

Porcine reproductive and respiratory syndrome (PRRS), an
economically devastating disease in swine production
worldwide, is characterized by reproductive failure in sows
and respiratory disease in pigs of all ages. The causative
agent, PRRS virus (PRRSV), is an enveloped, single-stran-
ded positive-sense RNA virus belonging to the order Ni-
dovirales, family Arteriviridae, and genus Arterivirus [46].

The genome of PRRSV is approximately 15 kb in length
[25] and contains at least 10 open reading frames (ORFs)
[5, 13, 37, 41]. ORF1, which is divided into ORFs la and
1b, comprises almost 75 % of the genome, encoding non-
structural proteins (nsps) for viral replication. ORF2a, 2b,
3,4, 5a, 5, 6, and 7 encode seven structural proteins GP2,
E, GP3, GP4, GP5, M and N, respectively. ORF5, encoding
GPS5, is one of the most variable regions of the PRRSV
genome and is thus often used for phylogenetic analysis
[11, 31, 42, 44]. In addition, nsp2 is considered an
important region for studying the genetic variation and
epidemiological evolution of PRRSV [4, 14].

Phylogenetically, PRRSV is divided into two distinct
genotypes, the European (EU) type (type 1) and the North
American (NA) type (type 2) [26, 29]. Viruses of both
genotypes have significant genetic diversity, with only
approximately 60 % nucleotide sequence identity [1, 29].
Since 2006, a highly pathogenic PRRSV (HP-PRRSV) of the
NA type, characterized by causing high fever and high death
rates in pigs of all ages, has emerged in China [20, 39].

In Taiwan, the first outbreak of PRRS was recorded in
1991. Although modified live vaccine (MLV) has been used
on pig farms since the late 1990s, sporadic outbreaks con-
tinue to occur today. To further understand the genetic
diversity and evolution of PRRSV in Taiwan, PRRSV strains
collected from 1991 to 2013 were sequenced and analyzed.
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Materials and methods
Virus isolates

A total of 31 PRRSYV strains (Table 1) from the lung and
lymphoid tissues of pigs with porcine respiratory disease
complex (PRDC) during 1991 to 2013 were isolated in
MARC-145 cells, and these were all of the available iso-
lates used in the analyses. These isolates were propagated
in MARC-145 cells maintained in minimum essential
medium supplemented with 5% fetal bovine serum and
incubated at 37 °C in 5 % CO,.

RNA extraction, reverse transcription PCR (RT-
PCR) and nucleotide sequencing

The genomic RNAs of PRRSV isolates were extracted
from 140 pl of the infected cell culture supernatant using a
QIAamp® Viral RNA Mini Kit (QIAGEN) according to the
manufacturer’s recommendations. For amplification of the
PRRSV genes, viral RNAs were reverse transcribed and
amplified by one-step RT-PCR. The complete coding
region of each PRRSV genome was sequenced and ana-
lyzed by fifteen reactions of RT-PCR (Table 2). The total
reaction volume of 25 pl contained 2.5 pl of extracted

Table 1 PRRSV strains isolated from field outbreaks in Taiwan between 1991 and 2013

Strain County Year of isolation CDS? lineage ORF5° lineages nsp2° type Accession number
MDO001 B 1991 VI v A KP998431
WSV Changhua 1992 I I \% KP998429
TD-1 Taitung 1997 VI v A KP998425
TD/TP Taitung 1998 VIII VI A KP998422
Tsai - 1999 VI v A KP998423
TY1 Taoyuan 2000 I A% v KP998424
NT Nantou 2000 1 v \Y% KP998420
Ml - 2001 VIII VI v KP998419
TY Taoyuan 2002 I I B KP998428
CH Changhua 2002 Vil VI D KP998416
CH8V-J2 Changhua 2003 IX VI A KP998426
TD-2 Taitung 2004 IX VI D KP998427
HL Hualien 2004 VIII VI D KP998418
Q94-136 - 2005 VIII VI D KP998421
CW46 Tainan 2005 I I B+C KP998405
47-2 Tainan 2005 VIII VI A KP998401
310 Changhua 2005 Vil VI D KP998413
312 Changhua 2005 Vil VI D KP998402
71-1 Nantou 2008 IX VI D KP998412
660 - 2009 IX VI D KP998414
338 Taoyuan 2011 IX VI D KP998404
M Yunlin 2011 IX VI D KP998410
PD119 Pingtung 2011 I 1 B KP998411
HC120629 Changhua 2012 IX VI D KP998430
1483 Nantou 2012 IX VI D KP998403
HC120821-SH1 Yunlin 2012 IX VI D KP998406
HC120821-SH2 Yunlin 2012 IX VI D KP998407
HC120821-LL Pingtung 2012 IX VI D KP998408
HC120904-CHYL Changhua 2012 IX VI D KP998409
803 Nantou 2013 IX VI D KP998415
319 Miaoli 2013 I I D KP998417

? CDS = complete coding sequence = complete coding region. Refer also to Fig. 1

® ORF = open reading frame. Refer also to Fig. 2
¢ nsp2 = nonstructural protein 2. Refer also to Fig. 4

d
Unknown

@ Springer



PRRSV in Taiwan

2711

nucleic acids, 1X DNA polymerase buffer, 4 units of
recombinant RNase inhibitor (Promega, Madison, WI,
USA), 1 unit of AMV reverse transcriptase (Promega), 1
unit of GoTaq® Flexi DNA polymerase (Promega), 0.2 pM
deoxyNTP mixture, and 0.4 pM each primer. Cycling was
carried out in a 9700 thermal cycler (Applied Biosystems,
Foster City, CA, USA) as follows: 1 cycle of RT at 42 °C
for 50 min and 94 °C for 3 min to inactivate transcriptase,
followed by 35 cycles of denaturation at 94 °C for 40 s,
annealing at 55 °C for 45 s, and extension at 72 °C for
2 min, with a final extension at 72 °C for 10 min before
storage at 4 °C. Sizes of amplicons were verified by
agarose gel electrophoresis in TAE buffer using known
standards. The RT-PCR products were purified using a

QIAquick® PCR Purification Kit (QIAGEN) and
sequenced using a 3700 XL DNA Analyzer and a BigDye®
Terminator v3.1 Cycle Sequencing Kit.

Phylogenetic analysis

The nucleotide (nt) sequences of the complete coding region
(marked as CDS), ORFS5, and nsp2 genes from the 31 Taiwan
strains were compared with each other and with PRRSV
reference strains obtained from GenBank, National Center
for Biotechnology Information. Virus sequences were
aligned by MUSCLE in the MEGA 5.2 software. Pairwise
sequence alignments were also performed with the MEGA
5.2 software to determine nt sequence similarities.

Table 2 Primers used to

amplify different genes of Primer Nucleotide sequence (5°-3")* Position” (nucleotides)
PRRSYV strains Fl ATGA CGTA TAGG TGTT GGCT C 1-21

R1 GCCT CCGC TGTA GGTA CTTG 1120-1100
F2 TGTC CCWG AASGMAAC TGCT GG 984-1004
R2 CAAC ATYC CAAT YAAA GGAG GTGT C 2211-2187
F3 GARG AGGT CGCR GCAA AGAT TG 2089-2109
R3 CCGC CHGA GTCR ATGA TGGC TTG 3282-3260
F4 GTGT CATC AAGC AGCT CSYT GTC 3203-3225
R4 TTAC ACCT ACCT TGAG AAAG CAC 4485-4463
F5-1 CTGC TTGT GAGT TTGG ACTC GCC 4254-4275
F5-2 AGTT TGAC TCGC CAGA GTGT AG 4263-4284
RS ACCA RCAA GGAA ACAC ACAA AGCA 5428-5405
F6 TCTY TGCA CGTC YAGA TTGT GCAT 5193-5217
R6 ATCA GRAC TTGC GCAG ACCA TG 6539-6518
F7 CTGG AAGG AGGY CTYT CCAC 6337-6356
R7 YTGG AAGG AGGY CTYT CCAC 7497-7477
F8 CATT GAGA CYAG RGTC CTTG C 7233-7259
R8 CTGT TTAG GGCA GTCA GGCC TAG 8499-8477
F9 ACTC CGGT GACY GATG GGCG CTC 8374-8396
R9 ACAR GCAC AGCT GTCC ATGA GTAT 9603-9580
F10 GACC TYGT GCTG TATG CCGA GTC 9334-9356
R10 TTCT TGCC AGGA CACC AACC G 10398-10377
F11-1 CCAA CYCA CCAG ACCA TGCT 10249-10268
F11-2 ARGG CTTT GGGG ACGT GCCG 10279-10298
R11 TCAA GRTC TGGG AGGT ACAC 11618-11596
F12 TATC TTGA TGAY CGGG AGCG AG 11401-11422
R12 AART GAGC CACC ACAT CCAA AC 12634-12615
F13 CARG CTGC CTGG AAAC AGGT GG 13561-12582
R13 AGRA TGGC AAAA AGAC AGGC TAAA AC 13858-13883
F14 TGGC AATG TGTC AGGC ATCG TG 13713-13734
R14 GGCC GGAC GACA AATG CGTG G 14904-14884
F15 TCGC GCTC ACTA TGGG AGCA G 14705-14725
R15 TTTT TTTT TTTT TTAA TTAC GGCC GCATG Poly A tail

? Primers were designed based on the alignment of multiple PRRSV sequences
" The positions of primers are as located in the VR2332 strain (U87392)
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Phylogenetic analysis of the aligned sequences was per-
formed by the maximum-likelihood method and the neigh-
bor-joining method, and by bootstrap analysis with 1,000
replicates using the MEGA 5.2 software [38]. The classifi-
cation of lineages was based on the genetic distance, with
sequences diverging more than 10 % from neighboring lin-
eages divided into separate lineages [31].

Comparison and analysis of amino acid sequences
of the GP5 protein

Amino acid sequences of GP5 proteins were compared by
aligning all 31 sequences, using MUSCLE in the MEGA
5.2 software. The percentages of identity between the
strains were calculated.

Analysis of selection pressure in the ORF5 gene

The selection pressure and evolution rate are important
indicators of evolutionary biology [15]. To study the
evolutionary biology of Taiwan PRRSV strains, the
intensities of selection pressure and evolution in the
ORF5 gene were analyzed with the MEGA 5.2 software
using the rates of non-synonymous substitution (dN) and
synonymous substitution (dS) [28]. Ratio values equal to
1 indicate neutral evolution; <1, negative selection; and
>1, positive selection. The comparisons between the
WSV and MDO001 groups were analyzed by Student’s ¢-
test. Statistical analysis was carried out using the Sta-
tistical Analysis System (SAS for Windows 6.12; SAS
Institute Inc). A P-value <0.05 was considered statisti-
cally significant.

Comparison and analysis of amino acid sequences
of nsp2 protein

Deletions and insertions in the nsp2 protein are impor-
tant biomarkers for the highly pathogenic PRRSV in
China. Therefore, the amino acid sequences of the nsp2
proteins of all 31 strains were aligned using MUSCLE in
the MEGA 5.2 software. Based on the VR2332 reference
strain, the divergence distance and deletion/insertion
patterns between the isolates were analyzed.

Results

Nucleotide sequences and phylogenetic analysis
of the complete coding region

To investigate the genetic diversity and evolution of

PRRSV isolates in Taiwan, the complete coding regions
(marked as CDS in Fig. 1) of 31 PRRSV strains collected

@ Springer

during the years 1991 to 2013 were analyzed. Phylogenetic
analysis indicated that all Taiwan strains belonged to the
NA genotype and could be further divided into a prototype
WSV strain group of lineage I and a prototype MDO001
strain group of lineage VI. The strains of the WSV group
all clustered in lineage I and were collected from 1992 to
2013. The strains of the MD0O1 group were more evenly
distributed in lineages VI to IX and were also collected
from 1991 to 2013 (Fig. 1). Of the 11 recent strains
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Fig. 1 Phylogenetic tree of the complete coding region (marked as
CDS) of Taiwanese PRRSV strains analyzed by the maximum-
likelihood method and the neighbor-joining method with 1,000
replicates of bootstrap analysis. The classification of lineages was
based on the genetic distance, with isolates diverging by more than
10% from neighboring lineages divided into separate lineages [31].
The strains indicated by circles and triangles are Taiwanese strains of
lineages I, VI, and VII-IX, respectively
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<«Fig. 2 Phylogenetic tree of the open reading frame 5 (ORFS5) gene of

Taiwanese PRRSV strains analyzed by the maximum-likelihood
method and the neighbor-joining method with 1,000 replicates of
bootstrap analysis. The classification of lineages was based on the
genetic distance, with isolates diverging by more than 10 % from
neighboring lineages divided into separate lineages [31]. The strains
indicated by circles and triangles are Taiwanese strains of lineages I,
V and VI, respectively

isolated from 2011 to 2013, nine were in the MDOO1 group,
whereas only two were in the WSV group (Table 1). The
nucleotide (nt) sequence divergence of Taiwan PRRSV
isolates ranged from 0.3 to 18.3 %. The nt sequence
divergence among the WSV and MDO001 groups ranged
from 0.2 to 7.4 % and from 0.9 to 18.3 %, respectively.
The nt sequence divergence of the WSV and MDO001
groups from the MLV strain ranged from 2.6 to 6.1 and
from 11.1 to 17.4 %, respectively.

Sequences and phylogenetic analysis of ORF5

The results of ORF5 gene phylogeny (Fig. 2) were largely
similar to those of the complete coding region (Fig. 1).
However, it was noteworthy that two strains, NT-2000 and
TY1-2000, originally characterized as the WSV group
(Fig. 1), switched to the MDO0O01 group (Fig. 2). Similar to
the results in Fig. 1, most recent strains isolated from 2011
to 2013 belonged to the MDO0O1 group. The nt sequence
divergence of ORF5 in the Taiwanese PRRSV strains
ranged from 0.02 to 24.8 %. The nt sequence divergence in
the WSV and MDO0O01 groups ranged from 0.2 to 11.0 %
and from 1.4 to 19.0 %, respectively. The nt sequence
divergence of ORF5 of the WSV and MDO0O1 groups from
the MLV strain ranged from 2.5 to 8.5 and from 12.2 to
22.3 %, respectively.

Amino acid sequence analysis of GP5 protein

The amino acid sequence divergence of the GP5 protein of
the Taiwan PRRSV strains ranged from 1.1 to 24.5 %.
Residues in GP5 related to virulence have been identified at
positions 13 and 151 [2]. The 13th residue was R in the
reference strain VR2332, Q in the MLV strain, R in the
HP-PRRSYV strains, and usually R (23/31) and sometimes
Q (8/31) in the Taiwan strains (Fig. 3). The 151st residue
was R in the VR2332 strain, G in the MLV strain, R in the
HP-PRRSYV strains, and usually R (29/31) and sometimes
K (2/31) in the Taiwan strains. This indicated that most of
the Taiwan strains were antigenically closer to the patho-
genic strains than to the attenuated vaccine strain.
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The GPS5 protein has two major epitopes: the decoy epitope
(DCE) located at residues 27 to 30 and the primary neutral-
izing epitope (PNE) located at residues 37 to 45 [32, 34]
(Fig. 3). In the DCE, the residues were VLAN in the VR2332
and MLV strains and VLVN/VLAN in the HP-PRRSYV strain.
VLVN was the most common sequence of the DCE in lin-
eages I and VI (Fig. 2) of the Taiwanese strains. However, the
DCE in lineage V (Fig. 2) of the Taiwanese strains was
ALVS/VLVS. In PNE, the residues were SHLQLIYNL in the
VR2332, MLV, and HP-PRRSV strains. SHLQLIYNL was
also the major sequence in lineage I of the Taiwan strains.
However, two mutations were found in most of the Taiwan
strains of lineages V and VI; they mutated from SHLQLIYNL
to SYSQLIYNL (Fig. 3).

GP5 has four putative glycosylation sites (30, 32/33/34,
44 and 51) [27, 43]. The Taiwanese strains contained two
conserved glycosylation sites at positions 44 and 51
(Fig. 3). The variable glycosylation site at position 30 was
found only in the Taiwanese strains of lineages I and VI.
The other variable glycosylation site of most Taiwanese
strains (26/31) at position 34 was different from the site at
position 33 of VR-2332 or the MLV strain (Fig. 3).

Selection pressure and evolution rate of ORF5

The dN/dS ratios in the WSV group strains ranged
from -2.065 to 0.005 and averaged -0.781, indicating

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
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Fig. 3 Partial alignment of amino acid sequences of the PRRSV GP5
protein. The decoy epitope (DCE) located at residues 27 to 30 and the
primary neutralizing epitope (PNE) located at residues 37 to 45 are in
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that they evolved under negative selection. In contrast,
the dN/dS ratios in the MDO001 group ranged from
1.699 to 7.507 and averaged 5.483, indicating positive
selection.

Sequences and phylogenetic analysis of nsp2

The nt divergence of the nsp2 gene of the Taiwanese
PRRSV isolates ranged from 0.3 to 29.0 %. Based on
insertions and deletions in the nsp2 gene, the Taiwan
PRRSV strains were found to have five patterns: types V,
A, B, C and D (Fig. 4; Table 1). Type V, represented by
the VR2332 reference strain, had no deletions/insertions.
Type A, represented by the TD-1997 strain, contained one
insertion of 36 amino acids between positions 823 and
824. Type B, represented by the PDI119-2011 strain,
contained two deletions located between positions 583
and 643 and between positions 659 and 744. Type C,
represented by the 319-2013 strain, contained one dele-
tion of 125 amino acids between positions 303 and 427.
The most common pattern of Taiwan strains was type D
(Table 1), including the strains collected from 2002 to
2013, which contained two deletions located between
positions 463 and 513 and between positions 530 and
549. The nsp2 types of all Taiwanese strains were dif-
ferent from that of the HP-PRRSV, which contains a
30-amino-acid deletion [39].
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shaded areas. The two conserved N-linked glycosylation sites at
residues 44 and 51 are boxed in solid lines. The variable glycosylation
sites are boxed in dotted lines. Dashes indicate identical bases
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Fig. 4 Deletion/insertion Type Vv
patterns in the nsp2 gene,
indicative of the evolution of
PRRSVs in Taiwan. Type V
indicates the standard strain of .
VR2332. All other strains were Taiwan Type A 823 824
compared with the VR2332 i
strain by MUSCLE alignment. +36 AA
Open triangles with dots
indicate insertions, while Taiwan Type B
inverted open triangles indicate
deletions 583 643 659 744
. -61 AA -86 AA
Taiwan Type C
303 427
-125
Taiwan Type D
463 513 530 549
-51 AA -20 AA
HP-PRRSV
482 483 533 561
-1AA -29 AA
Japan Type S
813 814
+36 AA
Japan Type E
495 533 813 814
-39 AA +36 AA
MA184A
323  433485-486505 523
V
-111AA -1AA -19AA
Thailand
303 429  470-471
VA
-127 AA -1 AA
Discussion (Fig. 1). Over the years, both groups of viruses have

This study clearly reveals the evolutionary trend and
polymorphism of PRRSV in Taiwan. In the early 1990s,
two groups of PRRSVs, prototyped by either WSV or
MDO0O01 strains, already existed in Taiwan. The WSV group
was in lineage I, similar to the reference strain VR2332
(Fig. 1), while the MDOO1 group was in lineages VI to IX

evolved separately, as also found in Japan [10] and China
[19]. In the early 1990s, two subtype strains of the NA
genotype of PRRSV were already detected in both coun-
tries. These results suggest that the first PRRSV cases in
the Netherlands and the United States in 1989 were just the
earliest detection with PRRSV in swine. The earliest
infection point of PRRSV in swine was inferred to be about
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1880 by analysis of molecular evolution [7]. After that
point, PRRSV extended rapidly among domesticated pigs
and evolved in the 1980s [9].

Over the last 20 years, the population dynamics of
PRRSV in Taiwan have changed. The number of WSV
group members has decreased, while that of MDO0O1 group
members has increased, the virus becoming predominant in
the most recent decade (Table 1). The important question
is, what led to this change in PRRSV population dynamics?
The answer may partially be associated with the use of
MLV, which began in the year 1999. First, the genetic
diversity of PRRSV affected the efficacy of MLV, espe-
cially in humoral immunity, which offered better protec-
tion against antigenically homologous strains than against
heterologous strains [8, 17, 18, 22, 24]. However, the
protection of cellular immunity between homologous and
heterologous strains was depended on the number of virus-
specific interferon-y producing cells [3, 22, 23, 33, 47]. In
Taiwan, three kinds of PRRSV vaccines have been used,
including two MLV and one subunit vaccine. The first
commercial vaccine, Ingelvac® PRRSV MLV, is derived
from the prototypic American strain VR2332. The ORF5
sequences of Taiwanese strains and the Ingelvac® PRRSV
MLV strain showed a 2.5-8.5 % and 12.2-22.3 % diver-
gence from the WSV group and the MDO0O1 group,
respectively. These suggested that the protection of Ingel-
vac® PRRSV MLV against the WSV group may be better
than against the MDOO1 group. It may thus reduce the
infection and spread of WSV-group viruses in Taiwan.
Second, antigenic variation is an important mechanism of
virus evolution and survival [6, 12]. The results of PRRSV
evolution in the WSV and MDO001 groups showed that the
WSV group was under negative selection but the MDO001
group was under positive selection. This indicated that the
antigenicity of members of the MDO0O01 group gradually
changed over time and possibly favored the spread of
strains of the MD0O1 group. Third, the predominance of a
given PRRSV strain might be related to the invasive time
of the strain. The strains of the MDO0O01 group identified
earlier than those of the WSV group may have adapted to
Taiwan’s pig population earlier and thus led to the preva-
lence of the MDOO1 group. To test this hypothesis, more
information of PRRSV isolates is essential. The above may
partially explain why the MDO0O1 group is predominant
today in Taiwan, while the WSV group is subsiding.

Glycoprotein 5 (GP5), encoded by the ORFS5 gene, is
important for the interaction between swine and PRRSV. It
is associated with the induction of host immunity [32, 34,
39], with immune evasion, and the virulence of PRRSV
[14, 16, 41]. The amino acid sequence divergence of GP5
among Taiwanese PRRSV strains ranged from 1.1 to
24.5 %, and the divergence gradually increased over time.
For induction of host immunity, the sequences of epitopes
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DEC and PNE were mostly VLVN and SYSQLIYNL
(Fig. 3), and the two T-cell epitopes [40] were LAA-
LICFVIRLAKNC and KGRLYRWRSPVIIEK (data not
shown), respectively. Such amino acid divergence among
the Taiwan strains could affect the cross-protection among
Taiwan strains. This speculation is supported by the find-
ings of a negative correlation between divergence of GP5
and activity of neutralizing antibody [31]. These antigenic
variations were also most likely driven by the positive
selection imposed by the use of MLV (see above).

This study also revealed a possible invasion by a new
exotic strain in the year 2013. Phylogenetically, strain 319
belongs to a distant branch of lineage I (Figs. 1, 2). This
strain has 99 % similarity in its ORF5 gene to an exotic
PRRSV-3925 strain (DQ477911) that originated in the
USA, suggesting that it did not evolve from the WSV strain
but rather represents a newly invading strain in Taiwan.
This international spread has also occurred in the USA
[36], Thailand [30, 31] and Japan [11], revealing that
transnational transmission of PRRSV is still taking place.

The nsp2 gene is polymorphic, and the insertion/dele-
tion patterns accompanying PRRSV evolution change. In
the early 1990s, different patterns of insertions and dele-
tions in nsp2 were found in various PRRSV strains [14, 21,
45]. Each insertion/deletion of nsp2 was also accompanied
by individual evolution over time. This trend was also
found in the Taiwanese strains for which the strains of the
WSV group changed from pattern V to pattern B or B 4+ C,
and strains of the MDOO1 group changed from pattern A to
D (Fig. 4; Table 1). Although the nsp2 gene is not directly
involved in the induction of host immunity, it is, however,
involved in viral replication. Whether the change in pattern
affects the function of nsp2 is dependent on the location
and distribution of insertions and deletions. In addition, the
polymorphism of nsp2 is a potential marker to differentiate
infected from vaccinated animals (DIVA) by serology.

The cell type plays an important role in PRRSV isola-
tion. Porcine alveolar macrophages (PAM) and the MARC-
145 cell line, originally from kidney cells of an African
green monkey, were mostly used to isolate and culture
PRRSV. PAM cells have higher susceptibility to type EU
and NA PRRSYV isolates, whereas MARC-145 cells may
bias toward isolation of type NA PRRSV isolates [46]. As
the present study used MARC-145 cells to isolate PRRSV
from the tissues of PRDC-affected pigs, the loss of type EU
PRRSV isolates may be misleading. However, in recent
studies of PRRSV epidemiology in Taiwan, only type NA
isolates were detected, without any type EU PRRSV iso-
lates [35, 42]. We presented similar findings in our moni-
toring reports during 2013 to 2014, with a total of 67 cases
in 225 PRDC-affected pigs from 92 farms that were
PRRSV positive by RT-PCR, all of which were identified
as type NA PRRSV (data not shown). These results suggest
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that the fact that no type EU PRRSV was isolated was not
due to the methods in the present study.

In conclusion, the present study clearly reveals the
evolutional trends and polymorphisms of PRRSV in Tai-
wan. In the early 1990s, two prototypic strains, WSV and
MDO001, were first identified in Taiwan. Over the years,
both strains have evolved separately, but the strains of the
MDO001 group were predominant in Taiwan. Evolution was
manifested in changes in the nsp2 and ORFS5 genes. In
addition, in the year 2013, a suspected exotic strain, strain
319, was recovered, and its effect on the population
dynamics of PRRSV remains to be determined. Overall,
these results provide an important basis for vaccine
development for the control and prevention of PRRSV.
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