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In China, a majority of the highly pathogenic porcine reproductive and respiratory syndrome (HP-PRRSV) strains were seeded
by the 2006 outbreak. However, the most recently emerged (2013-2014) HP-PRRSV strain has a very different genetic back-
ground. It is a NADC30-like PRRSV strain recently introduced from North America that has undergone genetic exchange with
the classic HP-PRRSV strains in China. Subsequent isolation and characterization of this variant suggest high pathogenicity, so
it merits special attention in control and vaccine strategies.

Porcine reproductive and respiratory syndrome (PRRS) is
characterized by respiratory distress in nursery swine and re-

productive failure in sows and has resulted in huge economic
losses to the global swine industry since its first recognition in the
United States in 1987 (1). In China, highly pathogenic PRRSV
(HP-PRRSV) has been circulating and predominating in the field
since the initial outbreak in 2006 and has resulted in the loss of
more than one million pigs (2–5). Retrospective studies of that
outbreak have shown that the highly pathogenic variant emerged
from less pathogenic PRRSV strains in China (6), which were
initially introduced from North America in the 1990s. CH-1a was
the earliest representative of this group (7). Following the out-
break, more-stringent biosecurity controls and a targeted immu-
nization campaign were undertaken to limit HP-PRRS in China.

However, despite these measures, HP-PRRSV has experienced
recurrent population expansions since the initial outbreak. One
such reemergence was associated with genetic exchange between
two HP-PRRSV viruses circulating in the field (8). Another recent
outbreak (2013-2014) is probably in the early stage of emergence.
It has occurred in several provinces of China and is characterized
by high fever, cough, anorexia, red discoloration of the body, and
blue ears. Diseased pigs also have multiple visceral lesions. Their
lungs display consolidation, and their lymph nodes are enlarged
and hemorrhagic. The rates of morbidity and mortality due to this
new HP-PRRSV are very high. An affected farm in Jilin Province
had a morbidity rate of 100% and a mortality rate of 76.6% (230/
300).

We obtained the representative open reading frame 5 (ORF5)
sequences from two farms that experienced the disease, i.e., JL580
and HLJ58 from Jilin Province and Heilongjiang Province, respec-
tively. Phylogenetic analyses using the PhyML version 3.0 software
(9) suggested that these viruses are distantly related to the classic
HP-PRRSV strains in China, which belong to lineage 8 (Fig. 1A).
Instead, they nested deeply within diverse lineage 1, which origi-
nated in Canada and is now prevalent in both the United States
and Canada (10). Interestingly, the virus is also closely related to a
group represented by NADC30, a moderately virulent strain iso-
lated in 2008 in the United States (11). Furthermore, the phyloge-
netic topology of the diversity surrounding this new HP-PRRSV

suggests, with high resolution, a transmission chain from Canada
to the United States and then to China, all on a relatively recent
time scale (Fig. 1B). This demonstrates the recent expansion of
PRRSV over a large geographic area. Within China, the new HP-
PRRSV strain has affected not only Jilin and Heilongjiang but also
central and southern China, and strains isolated there include
HENAN-XINX (accession numbers KF416327 to KF416329),
HENAN-HEB (KF416334), HENAN-JIAOZ (KF416333), and
FJ1405 (KM453701). The nucleotide sequences of the complete
JL580 genome and HLJ58 ORF5 were obtained by the Sanger se-
quencing approach.

To further characterize the virus, strain JL580 was isolated on
Marc-145 cells and confirmed with an immunofluorescence assay
using a monoclonal antibody directed against the PRRSV N pro-
tein. Sequence alignment revealed three discontinuous deletions
(a total of 131 amino acids) in nonstructural protein 2 (nsp2) that
resembled those in the NADC30 and MN184 strains but were not
present in the classic Chinese HP-PRRSV strains (Fig. 1C). These
deletions can be used as molecular markers to distinguish the
JL580-like HP-PRRSV strains from other type 2 PRRSV strains in
China. Importantly, in the ORF5 region, JL580 is more closely
related to less pathogenic NADC30 than to the classic Chinese
HP-PRRSV, and a majority of the altered amino acids lie within
the extravirion domain of the protein (Fig. 1D).

To test for recombination, we performed similarity compari-
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FIG 1 Genotyping of the HP-PRRSV strain that has newly emerged in China. The phylogenetic positions of all representative type 2 PRRSV strains (A) and the
most closely related viruses (B) are shown on a tree based on their ORF5 nucleotide sequences. HP-PRRSV strains newly emerged in China are shown in red, and
related viruses from the United States and Canada are shown in blue and green, respectively. Only the important viral groups and strains are labeled to the right
of the tree. The genetic relatedness of these strains is also supported by the distribution of the gaps in the nsp2 protein alignment (C). Deletions in JL580 and
related virus strains are shaded yellow, and deletions in the classic HP-PRRSV strains are shaded gray. Alignment and comparison of amino acid mutations of GP5
(D). The signal peptide and transmembrane (TM) domains are demarcated and shaded. Important amino acid sequence differences between L1 PRRSV and
classical HP-PRRSV are indicated by asterisks.
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sons within a 500-bp window sliding along the genome alignment
(20-bp step size) with SimPlot v3.5.1 (12). The analysis revealed
that JL580 is the result of recombination between the NADC30-
like viruses and the classic HP-PRRSV strains circulating in China
(Fig. 2A). From the similarity plot, we identified six recombina-
tion breakpoints: two located in nsp2 (nucleotides [nt] 3446 and
4549) and the others located in nsp3 (nt 5225), nsp7 (nt 7244),
ORF2a (nt 12572), and ORF4 (nt 13648). These breakpoints sep-
arate the genome into seven regions; four are closely related to
PRRSV strains from North America (represented by NADC30)
(Fig. 2B), and the remaining three are closely related to classic
HP-PRRSV strains in China (Fig. 2C). This suggests that after its
introduction from the United States, the virus gained genetic di-
versity by recombining with local HP-PRRSV strains in China.
Interestingly, two other related viruses (i.e., HENAN-XINX and
HENAN-HEB) are also possible recombinants, although their re-
combination patterns differ from that of JL580 (data not shown;
the SimPlot results are available upon request). Because these two
sequences were not generated in this study, their recombination
events cannot be verified here.

To determine the pathogenicity of JL580, 14 6-week-old
PRRSV-free piglets were randomly divided into three groups and
maintained in individual biosafety rooms. The piglets in group A
(n � 5) were inoculated intramuscularly (1 ml) and intranasally (2
ml) with JL580-F2 (the second passage in Marc-145 cells; 3 � 104.0

50% tissue culture infective doses [TCID50] in 3 ml per pig), re-
spectively, according to the doses and methods previously re-
ported (13). The piglets in group B (n � 5) were infected with
JL580 homogenate supernatant (uncontaminated with pseudora-
bies virus, porcine parvovirus, classical swine fever virus, or por-
cine circovirus type 2; passed through a 0.45-�m filter; and con-
firmed by real-time reverse transcription-PCR) at a dose of 3 �
104.0 copies per pig as described for JL580-F2 (14). The group C
piglets (n � 4) were mock infected with 3 ml of Dulbecco’s mod-
ified Eagle’s medium. The animals’ behavior was observed every
day. Blood samples were collected from individual pigs periodi-
cally (0, 3, 7, 10, and 14 days postinfection [dpi]).The piglets in
groups A and B showed fever from 3 dpi (Fig. 3A) and also dis-
played obvious clinical signs, including cough, anorexia, and red
discoloration of the body and ears. The piglets in groups A and B

FIG 2 Recombination analysis of strain JL580. (A) Genome scale similarity comparisons of JL580 (query) with NADC30 (red), 09HEN1 (blue), CH-1a (green),
and VR2332 (gray). Recombination breakpoints are shown as black dotted lines, with the locations indicated at the bottom. The background color of the major
parental regions (parental region A) is white, whereas that of the minor parental regions (parental region B) is gray. Below the similarity plot is a full genome
structure, with reference to CH-1a, in which the positions and boundaries of the major ORFs, nsp-encoding genes within ORF1a and ORF2b, and gaps are shown.
Phylogenies of parental regions A (B) and B (C) are shown below the similarity plot. The major parental group (NADC30-like viruses) is shown in red; the minor
parental group (classic HP-PRRSV in China) is shown in blue.
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died at 7 to 10 and 10 to 14 dpi, respectively (Fig. 3B). Serum
samples collected at 3, 7, and 10 dpi from all of the infected pigs
were positive for PRRSV. The virus was reisolated from the sera of
groups A and B, and the ORF5 region was sequenced to confirm
that it was the original virus. The piglets in the control group
remained negative for PRRSV, with no obvious clinical signs
throughout the experiment. In the infected pigs, the lung lesions
showed pulmonary consolidation (Fig. 4C) and histopathology
revealed interstitial pneumonia (Fig. 4E). The pathogenicity of
JL580 is much higher than that of earlier strains NADC30 (11) and
CH-1a (15) and is similar to that of the classic HP-PRRSV strains
in China (2–4, 16). The pathogenicity of the classic HP-PRRSV
was extremely high at the outset of the 2006 HP-PRRSV outbreak,
and piglets injected intravenously with this virus died within 6 to 8
days, and those inoculated intranasally died at 10 dpi (2). It is still
unclear whether the other related viruses with different recombi-
nation patterns (i.e., HENAN-XINX and HENAN-HEB) have
similar pathogenicity. It is worth noticing that the piglets infected
with F2 died slightly faster than piglets infected with the initial
viral homogenate. This may be associated with the difference in
the dose of inoculated virus; the number of viral copies in the 3 �
104.0 TCID50 used for group A is much higher than the 3 � 104.0

copies used for group B.
In summary, our study describes and characterizes the impor-

tation of a NADC-30-like PRRSV strain from North America that
has spread to several provinces in China and recombined with
local HP-PRRSV strains. It has (i) high pathogenicity and (ii) a

mixed genetic background distinct from that of the local strains,
which makes it hard to control with current measures. Therefore,
we suggest that surveillance data and vaccine strategies be updated
to prevent the disease from spreading further.

Nucleotide sequence accession numbers. The nucleotide se-
quences of the complete JL580 genome and HLJ58 ORF5 have
been deposited in GenBank (accession no. KR706343 and
KR706344, respectively).
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