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Abstract

Porcine reproductive and respiratory syndrome virus 2 (PRRSV2) is a major threat to the global pig industry, particularly in
China, the world’s largest pig-rearing and pork-production country. Continuously monitoring the epidemiological and genetic
characteristics of PRRSV epidemic strains is beneficial for prevention and control of infection. Previously, we reported the
epidemiological and genetic characteristics of PRRSV?2 in China from 2012 to 2016. Here, the epidemiological and genetic
characteristics of PRRSV2 in China from 2017 to 2018 are reported. During these two years, we collected different types
of porcine samples from 2428 pig farms in 27 provinces in China. Of the 7980 samples collected, 2080 (26.07%) were
positive for PRRSV2 ORF5 by RT-PCR. The positive rate of PRRSV detection between different regions of China ranged
from 8.12% to 29.33%, and from 7.96% to 55.50% between different months. Phylogenetic analysis based on the ORF5 gene
revealed that the PRRSV2 strains currently circulating in China belong to five clades, and most of the PRRSVs detected are
highly pathogenic PRRSVs (HP-PRRSVs; clade IV) and PRRSV NADC30-like strains (clade I). Sequence analysis revealed
multiple amino acid mutation types, including amino acid changes and deletions in both the GP5 and Nsp2 proteins. The
presence of these mutations may have an effect on the evolution of the virus by altering the viral titer and/or affecting the
antibody response against the virus.

Introduction

Porcine reproductive and respiratory syndrome (PRRS),
commonly manifested as reproductive failure in sows and
respiratory disorders in pigs of all ages, is widespread in
almost all pig-rearing countries of the world, representing
a major threat to the global pig industry [1]. The etiological
agent of PRRS is PRRS virus (PRRSV), which is a single-
stranded positive sense RNA virus belonging to the order
Nidovirales, family Arteriviridae [2]. PRRSV strains belong
to one of two types, PRRSV1 or PRRSV2 [3]. PRRSV1
mainly includes the European type isolates, which are rep-
resented by the Lelystad virus (LV) strain, while PRRSV2
mainly includes the North American (NA) type strains,
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which are represented by VR-2332 [3]. Both PRRSV1 and
PRRSV?2 possess a 15-kb RNA genome that contains 10
open reading frames (ORFs): ORFla, ORF1b, ORF2a,
ORF2b, ORF3, ORF4, ORFS5, ORF5a, ORF6, and ORF7
[4]. ORFs ORF1la and ORF1b encode at least 16 non-struc-
tural proteins (nsps) (Nspla, Nsp1p, Nsp2, Nsp2N, Nsp2TF,
Nsp3-6, Nsp7a, Nsp7f, and Nsp8-12) while ORF2-ORF7
encode structural proteins (GP2a, E(2b), GP3, GP4, GP5, 5a,
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M, and N) [4]. Within the PRRSV genome, the nsp2 region
and the ORF5 region are most variable genes, and they are
considered important targets for analyzing the genetic vari-
ation and molecular epidemiology of PRRSV [5-9].

The first report of PRRS in China was in 1995 [10], and
since then, the pig industry of the world’s largest pig-rearing
and pork-consuming country has been accompanied by this
disease [6—8]. The first strain (CH-1a) of Chinese PRRSV
was isolated in 1996 [10], and in the following 10 years, the
disease became a common condition for the Chinese pig
production [9]. In 2006, an outbreak of highly pathogenic
PRRS (HP-PRRS) in China caused approximately 2,000,000
pigs to be infected, of which 400,000 died, resulting in a loss
of 120 million Chinese Yuan [11]. PRRSV strains recov-
ered from this outbreak were highly pathogenic and they
experienced gradual variation and progressively accumu-
lated genetic changes [9, 12, 13]. After 2006, HP-PRRSV
became the main epidemic PRRSV type in mainland China
[7, 8]. However, several novel PRRSV strains, such as GM2
and NADC30-like strains, emerged in China due to RNA
recombination between Chinese field strains and vaccine
strains or foreign viruses after 2012 [14—17]. The emergence
of these novel PRRSVs is a serious concern in China, and
may have an influence on the international trade of pigs and
related products. Therefore, it is important to monitor the
genetic characteristics of PRRSV strains prevalent in China.
Since PRRSV?2 is mainly responsible for the epidemic in
China [6-8, 15], we previously monitored and reported the
epidemiological and genetic characteristics of PRRSV?2 in
mainland China from 2012 to 2016 [7, 8]. Here, we report
the epidemiological and genetic characteristics of PRRSV?2
in mainland China from 2017 to 2018. Our aim is to continu-
ously monitor the epidemiological and genetic characteris-
tics of PRRSV2 in China.

Materials and methods
Sample collection and processing

Between January 2017 and December 2018, a total of 7980
samples, including blood, lungs, spleens, lymph nodes,
semen, intestinal tracts, and swine stillbirths were collected
from pigs suspected of PRRSV infection on 2057 pig farms
in 27 provinces in mainland China (excluding Heilongjiang,
Ningxia, Qinghai and Tibet) for PRRSV detection using RT-
PCR (Fig. 1). The pigs on many of these farms had been
vaccinated with JXA1, Ingelvac® MLV, and/or other com-
mercial vaccines. Blood samples were centrifuged at 4 °C
at 5000rpm for 10 min and the serum was collected, while
the tissue samples were homogenized using a Tissue Lyser
IT (QIAGEN, Germany). Sample homogenates were frozen
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at —80 °C, thawed three times, and centrifuged at 5000 rpm
for Smin, and the supernatants were then harvested.

RT-PCR detection and DNA sequencing

PCR detection was performed as described previously [8].
Total RNA was extracted from the pre-treated samples using
an OMEGA Total RNA Kit I (Omega, USA). The PRRSV
ORFS5 gene and the Nsp2 gene were detected by RT-PCR
assays using a PrimeScript One Step RT-PCR Kit Ver.2
(Dye Plus) (TAKARA, Japan) with the RNAs extracted in
this study and the primers listed in Table 1. According to a
published article [18], the primers for Nsp2 listed in Table 1
are able to amplify a 681-bp product from NADC30-like
PRRSV-positive samples, a 984-bp product from HP-
PRRSV-positive samples, and a 1074-bp product from typi-
cal PRRSV samples. The RT-PCR reaction was performed
in a 12.5 pL-volume containing 0.5 pL of PrimeScript One
Step Enzyme Mix, 0.5 pL each of the forward primer and the
reverse primer, 1.0 pL of template RNA, 4.0 pL of RNase-
free water, and 6.0 pL of 2X 1 Step Buffer (Dye Plus). Ther-
mocycler conditions used for PCR were 30 min at 50 °C for
reverse transcription, then 5min at 95 °C, followed by 35
cycles of 30s at 95°C, 30s at 55°C (for Nsp2) or 60°C
(for ORF5), and 30s at 72 °C, and a final extension of 10 min
at 72 °C. The products were analyzed by 1% 22agarose2? gel
electrophoresis. PCR products were purified and cloned into
the pMD19-T vector (TAKARA, Japan). Plasmids recovered
from the positive colonies were further confirmed by DNA
sequencing (Sangon, Shanghai, China). Sequences were
submitted to the GenBank database (BioProject number
PRINA587797).

Bioinformatical analysis

For phylogenetic analysis, a Bayesian tree based on the
ORF5 gene was generated using BEAST software (version
v1.10.0) [19]. Profiles of amino acid changes in Nsp2 and/
or GP5 between different PRRSV strains were determined
using Clustal X software (version 2.0) [20]. The PRRSV
reference strains used in this study and their GenBank acces-
sion numbers are listed in Table 2.

Results

RT-PCR detection of PRRSV2 in mainland China
from 2017 to 2018

Of the 7980 samples collected, 2080 were found to be posi-
tive for the PRRSV ORF5 gene by RT-PCR. The positive
rate was 26.07%. The positive rates for PRRSV detection
between different parts of mainland China, (Northeast China
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Graphic Regions Positive Rate HP-PRRSV C-PRRSV N APDl(z:};z-‘hl\e
$.12% 40.00% 0 60.00%
20.33% 3333% 4.17% 62.50%
2741% 60.11% 1.69% 38.20%
28.04% 48.84% 6.98% 44.19%
25.06% 43.59% 0 43.59%
10.00% 42.86% 14.29% 42.86%
18.52% 36.36% 0 63.64%

Fig. 1 A geographic map of China. The numbers of samples positive
for PRRSV2 as well as the numbers of total samples collected in dif-
ferent regions of China in 2017 and 2018 are shown. The positive rate
for PRRSV2 detection and the detection rates of highly pathogenic
PRRSVs (HP-PRRSVs), PRRSV NADC30-like strains, and typi-
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cal PRRSV strains (C-PRRSVs) in different parts of China are also
shown in a table in the lower-left corner of the map. The authors sin-
cerely acknowledge the Ministry of Natural Resources of the People’s
Republic of China for providing the map of China free for public use

Table 1 Primers used for

R Primer
PRRSYV detection in this study

Sequence (5°-3”)

Nucleotide position Product sizes (bp)

PRRSV-ORF5-F
PRRSV-ORF5-R
PRRSV-Nsp2-F
PRRSV-Nsp2-R

GGCGACCGTTTTAGCCTGTCTT
ATCATTATTGGCGTGTAGGTG
TTGATTGGGATGTTGTGCTTC
CAATGATGGCTTGAGCTGAGT

13,341-13,362 735
14,075-14,055

2197-2217 681/984/1074
2877-2857

including Liaoning and Jilin; North China, including Tian-
jin, Beijing, Shanxi, and Inner Mongolia; East China, includ-
ing Anhui, Shandong, Jiangsu, Zhejiang, Fujian, Shanghai,
and Jiangxi; South China, including Guangdong, Guangxi,
and Hainan; Central China, including Hubei, Hunan, and
Henan; Southwest China, including Yunnan, Guizhou,
Chongging, and Sichuan; and Northwest China, including
Shaanxi, Gansu and Xinjiang) ranged from 8.12% (North-
west China) to 29.33% (South China) (Fig. 1). The positive
rates in 2017 and 2018 varied according to the month of

sample collection ranging from 7.96% (January) to 55.50%
(April) (Fig. 2). The three months with the highest rates of
PRRSV detection in 2017 and 2018 were April (55.50%),
May (50.35%), and June (38.39%) (Fig. 2).

It has been reported that different types of PRRSV
(PRRSV typical strains, HP-PRRSV, and PRRSV
NADC30-like trains) can be differentiated according to
the size of the PCR product obtained from the nsp2 gene
region (1074 bp for typical PRRSV strains, 984 bp for
HP-PRRSYV strains, and 681 bp for PRRSV NADC30-like
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Table 2 Information a.bout Strain Year of isolation Place of isolation GenBank accession no.
PRRSYV reference strains used
in this study Lelystad virus 1993 Netherlands M96262
RespPRRS MLV 1998 United States AF066183
ATCC VR-2332 1990 United States U87392
BJ-4 1996 China (Beijing) AF331831
TJ 2006 China (Tianjin) EU860248
HB-2(sh)2002 2002 China (Hebei) AY262352
Em2007 2007 China (Hubei) EU262603
NADC30 2008 United States IN654459
JL580 2014 China (Heilongjiang) KR706343
HUN4 2006 China (Hunan) EF635006
WUHI 2006 China (Hubei) EU187484
JXA1 2006 China (Jiangxi) EF112445
CH-1a 1996 China (Heilongjiang) AY032626
CH-1R 2008 China (Heilongjiang) EU807840
R98(ORF5) 2006 China (Jiangsu) DQ355796
WUH3 2008 China (Hubei) HM853673
HENAN-XINX 2013 China (Henan) KF611905
QYYZ 2011 China (Guangdong) JQ308798
GM2 2011 China (Guangdong) IN662424
CHsx 1401 2014 China (Beijing) DQ459471
Henan-1 2007 China (Henan) KP861625.1
TIM(ORF5) 2008 China (Tianjin) HQ679913/HQ679915
AHAQB8(ORF5) 2009 China (Jiangsu) HQ832301/HQ832111
HNjz15 2015 China (Henan) KT945017.1
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20.00% A

10.00% A

0.00% -

1 2 3 4 5 6 7 8 9 10 11 12
Month

Fig.2 The positive rates of PRRSV2 detection in different months

strains) [18]. Therefore, we determined the detection rates
for the different PRRSV types in China from 2017 to 2018.
The results revealed that the proportion of HP-PRRSVs,
PRRSV NADC30-like strains, and typical PRRSV strains
was 51.57%, 43.30%, and 3.17%, respectively. The detec-
tion rate of HP-PRRSV in different regions of China
ranged from 33.33% (South China) to 60.11% (Central
China) (Fig. 1). The detection rates of typical PRRSV
strains in different regions of China ranged from O (East
China, Southwest China, and Northwest China) to 14.29%
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(Northeast China) (Fig. 1). The detection rate of PRRSV
NADC30-like strains in different regions of China ranged
from 38.20% (Central China) to 63.64% (Southwest China)
(Fig. 1).

Phylogenetic analysis of PRRSV2

A Bayesian tree generated based on the ORF5 gene
revealed that the PRRSV?2 strains analyzed in this study
belonged to five clades (Fig. 3). Strains in clade I were
closely related to the novel American PRRSV?2 strain
NADC30 [21]. Strains in clade II exhibited a close rela-
tionship to GM2, a newly emerged PRRSV2 strain that
originated from recombination between the MLV Resp-
PRRS/Repro vaccine strain and the Chinese field strain
QYYZ [14]. Strains in clade III and clade V were des-
ignated as typical PRRSV?2 strains, as strains in these
two clades displayed a close relationship to the typical
North American PRRSV2 strain VR2332 [22] and the
typical Chinese PRRSV?2 strain CH-1a [10], respectively.
PRRSV2 strains in clade IV were closely related to the
HP-PRRSYV strain JXA1, which was isolated from the
2006 HP-PRRS outbreak in China [11].
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Fig.3 Molecular phylogenetic analysis by Bayesian method. The tree was generated based on the ORF5 sequence using BEAST v1.10.0. Differ-
ent phylogenetic clades are shown in boxes with different colors. Representative strains in different clades are also marked using different colors

Sequence analysis on the ORF5 gene

Comparisons of ORF5 sequences revealed that the nucleo-
tide sequence identity between the PRRSV strains detected
ranged from 61.6% to 100%, and the amino acid sequence
identity ranged from 51.8% to 100% (Table 3). The ORF5
regions of strains from North China displayed a low level
of nucleotide and amino acid sequence identity to those of
strains from East China, and the lowest nucleotide and amino
acid sequence identity values were 71.9% and 62.1%, respec-
tively (Table 3). The nucleotide and amino acid sequence
identity of ORFS5 between the PRRSVs detected in this study
and the North American representative strains (VR2332 and
NADC30) ranged from 61.9% to 100% and from 68.8% to
100%, respectively (Table 3).

Amino acid sequence alignments revealed that the GP5
proteins of many PRRSVs detected in this study had amino
acid changes at aa 11, 29, and 185 compared to that of strain
VR2332 (Table 4 and Fig. 4). Compared to the GP5 pro-
teins of the typical PRRSV strains, NADC30-like strains,
and GM2-like strains, the GP5 proteins of the HP-PRRSV
strains had amino acid changes at aa 9 (G—C), 24 (C—Y),
47 (L—I), and 161 (L—V) (Table 4 and Fig. 4). Compared
to the GP5 proteins of HP-PRRSV strains, NADC30-like
strains, and GM2-like strains, the GP5 proteins of the typi-
cal PRRSV strains had amino acid changes at aa 11 (V—A)
and 185 (A—V) (Table 4 and Fig. 4). Compared to the GP5
proteins of typical PRRSV strains, HP-PRRSV strains, and

GM2-like strains, the GPS5 proteins of the PRRSV NADC30-
like strains had amino acid changes at aa 10 (C—Y) and 168
(E—D) (Table 4 and Fig. 4). Compared to the GP5 proteins
of GM2-like strains, the GP5 proteins of typical PRRSV
strains, HP-PRRSYV strains, and NADC30-like strains had
an amino acid change at aa 6 (L—S) (Table 4 and Fig. 4).
In addition, many PRRSVs detected in some regions had
characteristic amino acid changes in the GP5 protein. For
example, the amino acid at position 57 of the GP5 proteins
of many PRRSVs detected in East China was lysine (K), but
the amino acid at the same site of the GP5 proteins of many
PRRSVs detected in other parts of China was glutamine (Q)
(Table 4).

Sequence analysis on the Nsp2 region

The nucleotide sequence identity values for the Nsp2
region among the PRRSV strains ranged from 39.4% to
100%; and the amino acid sequence identity ranged from
27.9% to 100%. The nucleotide and amino acid sequence
identity in Nsp2 between the Chinese PRRSV strains and
the North American representative strains (VR2332 and
NADC30) ranged from 47.5% to 99.6% and from 26.9% to
98.5%, respectively. Compared to the Nsp2 region of the
PRRSV North American type strain VR-2332, the Nsp2
regions of the Chinese HP-PRRSV strains had a discon-
tinuous deletion of 30 amino acids at aa 481 and 533-561
(14+29) (Fig. 5; shown in a green box). The NADC30-like
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Table 4 The amino acid mutations of GP5 protein®

Site C-PRRSV HP-PRRSV GM2-like NADC30-like
6 L L S L
9 G C G G
10 C C C Y
11 A \% \% \Y%
13 Q R Q R/Q
24 C Y C C
25 F Y S F
26 A% v A A
27 L L P H
29 L V/L A% A%
38 H H Y H
39 L F S L
47 L 1 L L
57 N Strains from East China, N Strains from Central China, E/D; strains from the other areas, D
K; strains from the other
areas, Q
66 S T C T
92 A G S G
94 \% A 1 Strains from Central China, L; strains from the other areas, I/L
104 G E G R
121 T I 1 Strains from Central China strain, V; strains from the other areas, V/I
151 R R K K
161 L \" L L
168 E E E D
170 E Strains from Central G Strains from North China, D; strains from the other areas, G/D
China, S; strains from
the other areas, E
185 \% A A A

4C-PRRSYV, typical PRRSV strains HP-PRRSV, high-pathogenic PRRSV strain; NADC30-like, PRRSV NADC30-like strain; GM2-like, PRRSV

GM2-like strains

strains detected in this study had a discontinuous dele-
tion of 131 amino acids at aa 322-432, 483, and 504-522
(11141+419) in the Nsp2 region compared to the Nsp2
region of the typical PRRSV strain VR-2332 (Fig. 5;
shown in a red box). Several isolates from this study had
other amino acid deletions within Nsp2 compared to that
of strain VR2332. For example, the Nsp2 regions of four
PRRSYV isolates, designated HBEM-1-China-2018-5,
HBEM-2-China-2018-5, HBCM-1-China-2018-5, and
HBCM-2-China-2018-5, had a discontinuous dele-
tion of 33 amino acids at aa 481, 484-487, and 533-
561 (3+1+29), while another four isolates, designated
HBJC-1-1-China-2018-5, HBJC-2-China-2018-5, JXNC-
China-2018-3, and JX-2-China-2018-3, had a discontinu-
ous deletion of 37 amino acids at aa 481, 533-561, and
612-619 (14+29+7) (Fig. 5).

Discussion

PRRSV1 (previously referred to as the European type)
occurs sporadically in China [23], whereas PRRSV?2 (pre-
viously referred to as the North American type) is more
common in China [7, 8, 24-26]. Between 2006 and 2016,
two large epidemiological studies of PRRSV2 have been
conducted in most parts of China [7, 25], and the average
positive rate for PRRSV?2 in clinical samples was 60.85%
from 2006 to 2010 [25] and 55.21% from 2012 to 2015 [7].
In this study, we found that the average positive rate for
PRRSV2 in clinical samples in 27 provinces of China was
26.07% from 2017 to 2018. This value is lower than those
determined from 2006 to 2010 (60.85%), and from 2012
to 2015 (55.21%), which shows a decreasing trend from
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Hus HSS-China-2018-5 LGKCLTAGYCSRLLSLWCI VPF YLAVHVNAN. RTSSHI TL CELNGT DWLNQKEDVAVETEVI FPVLTHI VSYGAL T[T SHFLDT VGLATVST AGYWHERYVLSSI [¥TVCALAALI CE VI RLAKNC
WGKCLTAGCCSRYLFLWCI VPFCS ¥

CQ COY-Clina 20186 LGKCLTACCCSRLLFLWCI VPS YLAVI L CELNGTDWL AQKEDVAVETEVI FPVLTHI VSYGAL TIT SHFLDTVGLATVS TAGY YHGRYVLSS1 [YAVCALAALI CE VI RL.

HeN-13-China-2018-5 LGKCLTACCCSRLLFLWCI VPF YLAVI STAG

HuN-14-China-2018-5 LGKCLTAGYCSRLPFLWCI VPFCF A ‘EVI FPVLTHI VSYGALT[TSHFLDTVGLI [T VSTAGYCHGRYVLS'SI [JAVCAL AAL VCE Al RLAKN(
LGKCLTACCCSRLLFLWCI VPF YLAV] LTL CELNGTDWL AGKEDVAVETEVI FPVLTHI VS YGAL TiTSHFLDTVGL ATVSTAGY YHGRYVLSSI [YAVCALAALI CF VI RL
LGKCLTACCCSRLLFLWCI VPF YLAVI L1 ¥NUTL CELNGADWL'
LGKCLTACCCSRLLFLWCI VPSYLA L1 ¥NUTL CELNGTDWLAGKEDVAVETEVI FPVLTHI VSYVALTITSHFLDTVGLAT VSTAGY YHGRYVLSSI [YAVCALAALI CF VI RLAKN(
LGKCLTAGYCSQLPFLWCI VPFCFA
LGKCLTAGYCSRLLSLWCI VPF YLAVHVN

‘SHFLDTVALVTVSTAGF VAGR Y ¥
1 YNUTLCELNGTDWL ANKEDVAVETE VI EPVLTHI VS YGAL T SHF LDTVGL VT VS TAGF YHGR YVLSS1 [YAVCALAALI CF VI RLAKNCNS WRYS CTRYTNFLLDTKGRL YRWRS PVI VEKGGKVE VEGHLI DLKRVVLDGS VATPLTRVSAEQW

L1 ¥NUTL CELNGTDWLATNEDVAVECEVI FPVLTHI VSYGVLT[TSHFLDTVSLVI VS AAGF HHGRYVLS'SI [YAVCAFAALI CEI I RL VKN
L1 YNUTI CELNGTDWLNERE YVAVE[TEVI FPVLTHI VSYGAL T[T SHFLDTVGLI [TVSTAGY YHRRYVLS ST [YAVCALAALI CFAI RLAKNCNS WRYS CTRYTNFLLDTKGKL YRWRSPVI I EKGGKVDVGGHLI DLKRVVLDGS AATBVIKI SA.
LGECLTAGYCSRLLSLWCI VPF YLAVHVNAN. RTSSHI QLI YNUTLCELNGTDWLNQKEDVAVETEVI FPVLTHI VSYGAL TIT SHFLDTVGLATVS1 AGYWHERYVLSSI [¥TVCALAALI CE VI RL.
L1 ¥NUTI CELNGTDWLNE RE YPAVETEVI EPVLTHI VSYGAL TITSHFLDT VGLI [ VSTAGY YHRRYVLSSI [YAVCALAALI CFAI RLAKNCNS WRYS CTR YINFLLDTKGKL YRWRSPVI | EKGGKVDVGGHLI DLKRVVLDGS AATRVIKI SA.
L1 ¥NLTLCELNGTDWLAGKFDVAVETEVI FPVLTHI VS YGAL T[T SHFLDTVGLATVSTAGY YHGRYVLSSI [JAVCALAALI CE VI RLAKN

L1 ¥NUTLCELNGTDWLAGKEDVAVETEVI FPVLTHI VS YGAL TITS HFLDTVGLATVS TAGY YHGRYVLSS1 [YAVCALAALI CE VI RLAKNCNS WRYSCTRYTS FLLDTKGRL YRWRSP VI VEKRGKVE VEGHLI DLKRVVLDGS VATRLTRVSA.
SHI QLI YNLTL CELNGTDWLNCKEDVAVE[TEVI EPVLTHI VSYGAL T|TSHFLDT VGL AT VST AGYWHERYVLSSI|¥TVCALAALI CEVI RLAKNCNS WRYS CTRYINFLLDTKGRL YRWRS PVI VEKGGKVE VS GHLI DLKRVVLDGS VATRLTKVS A,
HI QLI YNUTL CELNGTDWLNCKEDVAVE[TEVI FPVLTHI VS YGAL T[T SHFLDT VGLATVST AGYWHGRYVLSSI [¥TVCALAALI CEVI RLARN
L1 YNUTI CELNGT DWLNDHE DVAVE[TEVI FPVLTHI VSYGAL T|TSHFLDTVGLI [T VS TAGYFHRRYVLS ST [YAVCALAAL VCE Al RL.
L1 ¥NUTI CBLNGTDW.NJKFWAVETFV!FPVLTHIVSYGALTTSHFLDTVGLA VSAAGYYHKRYVLSSI[YAVCAL AAL VCE VI RL. KI\CVS\‘KYSCI‘RHTI\FI.LDTI(GKL\’R“KSSVIIEKGGK\D\GGHLIDLKR\’VLDGSAATP\TI(! SA.
L1 ¥NUTL CELNG EVI EPVLTHI VSYGALT[TSHFLDTVGLATVSTAGY YHGRYVLSSI [YAVCALAALI CEVI RLA VRYS!

FVI FPVLTHI VSYGALTITSHFLDTVGLI [TVSTAGYCHGRYVLSS1 [YAVCALAAL VCEAI RL.
L1 ¥NUTL CELNGTDWLAGKEDVAVETEVI FPVLTHI VS YGAL TITSHFLDTVGLATVS TAGY YHGRYVLSS1 [YAVCALAALI CE VI RLAKNCNS WRYS CTR YINFLLDTKGRL YRWRSP VI VEKRGKVE VEGHLI DLKRVVLDGS AATRLTRVSA.
TL CELNGTDWL AQKE DVAVE[TEVI FPVLTHI VSYGAL T[T SHFLDT VGLATVS TAGY YHGRYVLSS1 YAVCALAALI CEVI RLAKNC)
LTI CELNGTDWL NGHFS VAVETEVI FPVLTHI VS YGALTTSHLLDTVGLTT VS TAGYLHGR YVLSS [YAVCAL AAF VCF AT RLAKNCNS WRYS CTKYTNFLLDTKGKL YRWRSPVI 1 EKGGKVDVGGHLI DLKRVVLDGS AATPVIKI SA.
1 CELNGTEWL! VI FPVLTHI VSYGALTITSHFLDTVGLL[TVSTAGY YHGRYVLSS1 [YAVCAL AAL VCE AI RF AKNCNS WRYS CTRHTNF LLDTKGKL YRWRSPVI 1 EKGGKVDVGGHLI DLKRVVLDGS AATRVIKI SA.
TL CELNGTDWL AGNF DVAVE(CE VI FPVLTHI VSYGAL T[T SHFLDAVSL VI VSTAGF HHER YVLSS1 [YAVCAFAAL MCE VI RLVKNCNS WRYS CTRHTNFLLDTKGKI YRWRSPVI | EKGGKVE VGGHLI DLKRVVLDGS AATRVIKI SA.
L1 ¥NLTI CELNGTDWLSKNENVAVETEVI FPVLTHI VSYGALT[TSHFLDT VGLI [ VSTAGYCHGRYVLSSI [YAVCAL AAL VCE AI RLAKN(
L1 ¥NUTLCELNGTDWLKTKEDVAVETEVI FPVLTHI VS YGAL TITS HFLDTVGLATVS TAGY YHGRYVLSS1 [YAVCALAALI CEI I RLAKNCNS WRYSCTRYTNFLLDTKGRL YRWRSS VI VEKGGKVE VGGHLI DLKRVVLDGSAATRLTRVSA.
L1 ¥NUTL CELNGTDWLAGKEDVAVETEVI FPVLTHI VSYGAL TITSHFLDTVGLATVSTAGY YHGRYVLSSI [YAVCALAALI CE VI RLAKNCNS WRYS CTR YINFLLDTKGRL YRWRSPVI VEKRGKVE VEGHLI DLKRVVLDGS AATRLTRVSA.
L1 ¥NUTL CELNGTDWL ADKEDVAVETEVI FPVLTHI VSYGAL T[TSHFLDTVGLATVSTAGY YHGRYVLS'SI [YAVCALAALI CEVI RLAKNCNS WRYS CTR YINFLLDTKGRL YRWRSP VI VEKRGKVE VGGHLI DLKRVVLDGS AATRLTRVS A,
L1 ¥NLTLCELNGTDWLAGKFDVAVETEVI FPVLTHI VS YGAL TITSHFLDTVGLATVSTAGY YHGRYVLSS1 [JAVCALAALI CE VI RLAKN
L1 ¥NUTI CELNGTDWLNDKES VAVETEVI FPVLTHI VS YGAL TITSHFLDTVGLI TVSTAGY YHGRYVLSS1 [YAVCAL AAL ACE Al RL AKNCNS WRYS CTKYTNF LLDTKGKL YRWRSPVI I KKGGRVDVGGHLI DLKRVVLDGS AATRVIKI SA.
LI ¥NL

L1 YN

L1 YN

L1 ¥NL

150 180
TRAL TCE VI RF AKNCVS WRYACTRYINFLLDTKGRL YRWRSPVI I EKRGKVE VEGHLI DLKRVVLDGS VATRBI TRVSAEQW
NSWRYS CTRYTNFLLDTKGRL YRWRSPVI VEKGGKVE VEGHLI DLKRVVLDGS AATPLTRVSAEL W

MLGKCLTACCCSRLLFLWCI VPF YLAVL L1 YNUTL CELNGT DL AQNEDVAVE(TEVI FPVLTHI VS YGAL TT SHFLDTVGLATVS TAGY YHGRYVLS S1[YAVCALAALI CEVI RLAKNCNS WRYS CTRYTNFLLDTKGRL YRWRSP VI VEKRGKVE VEGHLI DLKRVVLDGS AATRLTRVSAELW
L1 ¥NUTI CELNGTDWLNE RE YPAVETEVI FPVLTHI VS YGAL TITSHFLDTVGLI TVSTAGY YHRR YVLSSI [YAVCALAALI CFAI RLAKNCNS WRYS CTR YINFLLDTKGKL YRWRSPVI I EKGGKVDVGGHLI DLKRVVLDGS AATRVIKI SAEQW

NSWRYS CTRYINFLLDTKGKI YRWRSPVI 1 EKGGKVEVGGHLI DLKKVVLDGS AATPVIKVSAEQW

KNCNS WRYS CTRYTNFLLDTKGRL YRWRSPVI VEKGGKVE VS GHLI DLKRVVLDGS VATRLTKVSA,

NSWRYS CTRYTNFLLDTKGRL YRWRSPVI VEKRGKVE VEGHLI DLKRVVLDGS VATPLTRVS A.

NSWRYS CTRYTNFLLDTKGRL YRWRSPVI VEKGGKVE VS GHLI DLKRVVLDGS VATPLTKVS A.
KNCNS WRYS CTRYTNFLLDTKGKL YRWRSPVI I EKGGKVDI GGHLI DLKRVVLDGS AATRVIKI SA.

CTRYINFLLDTKGKL YRWRSPVI | EKGGKVDVDGHLI DLKRVVLDGS AATRLTKI SA.
S“RYSCTR\'T)\FLLDTKGKL\’RVRSP\VI EKGGKVDVGGHLI DLKSVVLDGS AATPVIKI SA.

SWRYS CTRYTNFLLDTKGKL YRWRS PVI VEKGGKVE VEGHLI DLKRVVLDGS AATPLTRVS A

NSVWRYS CTRYINFLLDTKGKL YRWRSPVI | EKGGKVDVEGHLI DLKRVVLDGS AATPVIKI SA.

NSWRYS CTRYTNFLLDTKGRL HRWRS PVI VEKNGKVEVEGHLI DLKRVVLDGS AATPLTRVS A.

NSWRYS CTRYINFLLDTKGRL YRWRSPVI VEKGGKVE VSGHLI DLKRVVLDGS VATPLTKVS A

NLTLCELNGTDWL AEKF DVAVECE VI FPVLTHI VSYGAL TfT SHFLDTVSLATVSTAGF YHGRYVLSSI [YAVCAFAALI C VI RL\KNCNS WRYS CTRYTNFLLDTKGKI YRWRSPVI 1 EKGGKVEVGGHL1 DLKRVVLDGS AATRVIKI SA

KNCNS WRYS CTR YTNFLLDTKGKL YRWRSPVI VEKGGKVE VEGHLI DLKRVVLDGS AATRLTRVSA,

NUTL CELNGTDWLAGKEDVAVETEVI EPVLTHI VS YGALT[TSHFLDTVGL. TAGYYHGRYVLSSI YAVCALAALI CEVI RLAKNCNS WRYS CIRYTNFLLDTKGRL YRWRSPVI VEKRGKVE VEGHLI DLKRVVLDGS VATRLTRVSA.
YNLTI CELNGTDWL!

NSWRYS CTRYINFLLDTKGKL YRWRSPVVI EKGGKVDVGGHLI DLKS VVLDGS AATPVIKI SA.
KNCNS WRYS CTR YTNFLLDTKGRL YRWRSPVI VEKRGKVE VEGHLI DLKRVVLDGS AATRLTRVSA,

VI FPVLTHI VSYGALT[TSHFLDTVGLATVSTAGY YHGRHVLSS1 [YAVCALAALI CEI I RLAKNCNS WRYS CTR YINFLLDTKGKL YRWRSPVI VEKRGKVE VEGHLI DLKRVVLDGS AATRLTRVSA.

NSWRYS CTRYTNFLLDTKGKL YRWRSPVI VEKGGKVE VEGHLI DLKRVVLDGS AATPLTRVS A.

L1 YNUTI CELNGTDWLNDKE YVAVE[TEVI FPVLTHI VS YGAL T[T SHFLDT VGLATVS AAGY YHKR YVLS S1 [YAVCAL AAL VCE VI RLAKNCNS WRYS CTRHTNFLLDTKGKL YRWRS S VI I EKGGKVDVGGHLI DLKRVVLDGS AATRVIKI SA.
AN. RTSSHI GLI YNLTLCELNGTDWLNGKEDVAVETEVI FPVLTHI VS YGAL TTSHFLDTVGL AT VST AGYWHGRYVLSS [YTVCALAALI CFVI RLAKNCNS WRYS CTRYINFLLDTKGRL YRWRSPVI VEKGGKVE VSGHLI DLKRVVLDGS VATPLTKVS A
Ll L

LGKCLTAGCCSQLLFLWCI VPFCF
LGKCLTAGCCSQLLFLWCI VPFCF

YNLTI CELNGT AWLS NNEDVAVETEVI EPVLTHI
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DTVGLI [TVSTAGY YHGRYVLSSI [YAVCALAAL VCE Al RLAKNC)

SWRYS CTRYTNFLLDTKGKL YRWRS PVI | EKGGKVDVEGHLI DLKRVVLDGS AATPVIKI SA.

L1 YNUTI CELNGT AVL VI FPVLTHI VSYGARTITSHLLDTVGLI [TVSTAGYYHGRYVLSS1 [YAVCAL AAL VCE Al RL AKNCNS WRYS CTR YTNFLLDTKGKL YRWRSP VI 1 EKGGKVDVEGHLI DLKRVVLDGS AATRVIKI SA.
TNSSSHI QLI ¥NUTL CELNGTDWLKTKEDVAVETEVI FPVLTHI VS YGAL TS HFLDTVGLATVSTAGY YHGRYVLSSI [YAVCALAALI CFI I RL

'HBHP-China2018-5 LGKCLTARCCSRLLFLWCI VPF YLTVLVE] KNCNS WRYS CTR YTNFLLDTKGRL YRWRSS VI VEKGGKVE VGGHLI DLKRVVLDGS AATRLTRVSA,
'HeNHH-China-2018-5 LEKCLTAGCCSRLLSLWCI VPF CFANL. L1 ¥NUTL CELNGTDWL ANKEDVAVES EVI FPVLTHI VSYGAL T[T SHFLDT VAL VT VS TAGF VHGRYVLS'SI [YAVCALAALTCE VI RF AKNCNS WRYACTRYINFLLDTKGRL YRWRSPVI | EKRGKVEVEGHLI DLKRVVLDGS VATRI TRVSA.
HeNHW-China-2018-5 LGKCLTAGYCSQLPFLWCI VPFCFAVLVNAS. NSSSHLQLI YNLTI CELNGTDWLDKKFDVAVETEVI FPVLTHI VSYGAL T[T SHFLDTVGLI [TVS AAGYHHGRYVLSS1 YAVCAL AAL VCE Al RLAKNCNS WRYS CTRYTNFLLDTKGKL YRWRSPVI I EKGGKVDVGGHLI DLKRVVLDGT AATRVIKI SA.
'HuNAN-China-2018-5 LGKCLTACCCSRLLFLWCI VPF YLAVLVNAN. NHSSHI QLI YNLUTLCELNGTDWL AQKEDVAVE[TFVI FPVLTHI VSYGAL TIT SHFLDTVGLATVS TAGY YHGRYVLS S1 [YAVCAL AALI CEVI RLAKNCNS WRYS CTRYTNFLLDTKGRL HRWRSP VI VEKNGKVE VEGHLI DLKRVVLDGS AATRLTRVSA.
'HuNDY-China-2018-5 LGKCLTACCCSRLLFLWCI VPF YLAVLVNAN. NHSSHI QLI YNUTL CELNGTDWLAQKEDVAVETEVI FPVLTHI VSYGALT[TSHFLDTVGL. TAGYYHGRYVLSSI [YAVCALAALI CEVI RLAKNCNS WRYS CIRYTNFLLDTKGRL HRWRSP VI VEKNGKVE VEGHLI DLKRVVLDGS AATRLTRVS A,

JTXJIDL-China-2018-3
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SGKCLTAGYCSQLFFLWYI VPFCFY
LGKCLTAGYCSQLLFLWCI VPFCFV
LGRCLTAGCCS QLPI LWCI VPF CF AW
LGKCLTACCCSRLLFLWCI VPSYLAW
LGKCLTAGCCSQLPI LWCI VPFCF A
LGKCLTACCCSRLPFLWCI VPF YLAW
LGKCLTACCCSRLPFLWCI VPFYLA
LGKCLTACCCSRLPFLWCI VPF YL AN
LGKCLTAGCCS QFLFLWCI VPFCSI
LGKCLTACCCSRLPFLWCI VPFYLA
LGKCLTACCCSRLLFLWCI VPSYL
LGKCLTACCCSRLLFLWCI VPSYL.
LGKCLTACCCSRLLFLWCT VPSYL
LGKCLTACCCSRLFFLWCI MPFYLA
LGKCLTACCCSRLFFLWCI NPF YLAW
LGKCLTGGYCS QLPFLWCI VPF CF AW
LGKCLTAGCCS QLPFLWYI VPFCF
LGKCLTAGCCS QLPFLWYI VPFCFY
LEKCLTAGCCSQLLSLWCI VPFCF A
LEKCLTAGCCSQLLSLWCI VPFCF A

L1 YNUTL CELNGTDWLNNI EDVAVESEVI FPVLTHI VSYGALT]
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LGRCSTAGCCLQYLFLWC] VPFC:
LGRCSTAGCCLQYLFLWC] VPFC:
LGKCLTAGYCSSLPFLWCI VPF CF AV
LGKCLTAGYCSSLPFLWCI VPFCF AV
LGKCLTAGYCSSLPFLWCI VPFCF A
LGKCLTAGYCSQLPFLWYI VPFCFA
LGKCLTAGYCSHLPFLWCI VPFCF A
LGKCLTAGYCSHLPFLWCI VPFCF A
LGKCLTAGFCSSSLFLWCI VPFCSI
LGKCLTACCCSRLPFLWCI VPFYLA
LGKCLTAGYCSQLLFLWCI VPFCF A
LGKCLTAGCCSRLLSLLY] VPF WF A
LGKCLTACCCSRLLFLWCI VPFYLA
LGKCLTAGYCSQLLFLWCI VPFCF A
LGKCLTARCCSRLLFLWCI VPSYLA
LGKCLTAGYCSQLPFLWY] VPFCF
LGKCLTARCCSRLLFLWCI VPSYLA
LGKCLTARCCSRLLFLWCI VPSYLAVL L1 ¥NLTL CELNGTDVL.
LGKCLTARCCSRLLFLWCI VPSYLANL ] o SOl
LGKCLTARCCSRLLFLWCI VPS YLAWI
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LGKCLTARCCSRLLFLWCI VPSYLAVL L1 ¥NLTL CELNGTDWL .
LGKCSTAGCCSQFLFLWCI VPFCSI AL I ¥NUTLCELNGTDWLATNEDVA
LGKCSTAGCCSQFLFLWCI VPECSI
LGKCLI AGYYSQLPFLWCI VPFCFYVLVNAD.
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T1 CELNGTDWLNEKFDVAVETEVI FPVLTHI VSYGAL T[T SHFLDT VGLI [TVSTAGY YHKRYI LSS [YAVCAL AAF VCEAI RLAKNCNS'
1 YNNTI CELNGTDWLS NNENVAVETFVI FPVLTHI VS YGALTTSHFLDTAGLI [[ VS AAGYCHQRYVLS! I [YAVCALAALI CFTI M.AKSWLCRYS S CTKNTI FLLDTEGKLHRWPPLI | NEKGGKE VVRTF NS S TTLDCVLPHHAF PQTKSNK.
1 YNNTI CELNGTDWLS NNENVAVETEVI EPVLTHI VS YGAL TTSHFLDTAGLI [[VS AAGYCHQRYVLSSI [YAVCALAALI CF Al RLAKNCM:

TL CELNGTDWL ANKEDVAVES FVI FPVLTHI VSYGAL T[T SHFLDT VAL VIT VSTAGF VHGRYVLSS1 YAVCALAAL TCE VI RF AKNCNS WRYACTRYTNFLLDTKGRL YRWRSP VI | EKRGKVE VEGHLI DLKRVVLDGS VATRI TRVSA.
TTLCELNGTDVL. FPVLTHI VSYGALT[TSHFLDT VAL VIT VSTAGF VHGRYVLSS1 [JAVCAL AAL TCE VI RF AKN(
MS. QNSSHI GLI YNLTLCELNGTDWL AGKFEVAVETEVI FPVLTHI VS YGAL TiTSHFLDTVGL ATVS TAGYLHGRYVLSSI [YAVCALAALI CF VI RLAKNCNS WRYSFTRYTNFLLDTKGRL YRWRS PVI VEKGGKVEVAGHLI DLKRVVLDGS AATPLTRVS A
S. QNSSHI ‘DVL. E]

LGKCLTAGYCSRLLSLWCI VLS YLAVHVN
LGKCLTAGYCSRLLSLWCI VLS YLAVHVNA L1 ¥NUTL CELNGT! EVI FPVLTHI VSYGALT[TSHFLDTVGLATVSTAGYLHGRYVLSSI [YAVCALAALI CE VI RLAKNCM
LGKNLTKGCCSRLLSLWCI VPF CFAVL 1 ¥NLTL CELNGTDWL ANKEDVAVETEVI FPVLTHI VS YGAL TITSHFLDT VGL VT VSTAGF YHGRYVLSSI [YAVCALAALI CE VI RLAKN(
LGKCLI AGCCSRLPFLWCI VPF CF AL N

LGKCLI AGCCSRLPFLWCI VPF CF AL

L1 YNLTLCELNGTDWLA. KEDVAVECEVI FPVLTHI VSYGALT[TSHFLDTVSLVTVSTAGF CHGRYVLS'SI [YAACAF AAL VCE VI RF VKN
L1 YNUTL CELNGTDWL AGEF NVAVEICEVI FPVLTHI VSYGAL T[T SHFLDT VSL VT VS TAGF CHGRYVLS S1 Y AACAFAAL VCEVI RFVKNCNS WRYS CTRYTNYLLDTKGRI YRWRSPVI I EKGGKVEVGGHLI DLKRVVLDGAAATRVIKI SA.
L1 ¥NLTI CELNGTDWLNGHENVAVETEVI FPVLTHI VS YGAL TITSHFLDTVGLI T VSTAGYCHGRYVLSSI [JAVCAL AAS VCE Al RL AKNCNS WRYS CTR YINFLLDTKGKL YRWRSPVI 1 EKGGKVDI GSHLI DLKRVVLDGS AATRVIKI SA.
1 YNUTI CELNGTDWLNGHENVAVETEVI EPVLTHI VSYGALTTSHFLDTVGLI [ VSTAGY YHER YVLSS VIYAVCAL AAS VCF AL RLAKNCNS WRYS CTRYINFLLDTKGKL YRWRSPVI 1 EKGGKVDI GSHLI DLKRVVLDGS AATPVIKI SA.
L1 ¥NLTI CELNGTDWLNGHFNVAVETEVI FPVLTHI VSYGAL TITSHFLDTVGLI [ VSTAGYCHGRYVLSSI [JAVCALAAS VCE Al RLAKN
NLTI CELNGTDWLDKKEDVAAE(TEVI FPVLTHI VSYGAL TTSHFLDTVGLI [TVS TAGYFHGRYVLSSI[YAVCALAALI CF Al RLTKNCNS WRYACTRHTNFLLEAKGKL YRWRSPVI I ERGGKVE VNGHLI DLKKVVLDGS AATRVIKVSA.
1 CELNGTDWL NDKFDVAVE[TEVI FPVLTHI VSYGAL T[T SHFLDTVGLI [TVSTAGYCHKRYVLSSI [YAVCAL AAL VCE A RLAKNC)
1 CELNGTDWLNDKFDVAVETFVI FPVLTHI VSYGAL T|TSHFLDTVGLI [TVSTAGYCHKRYVLSS1 [YAVCALAAL VCF Al RLAKNCNS WRF SCTRYTNFLLDTKGKL YRWRSS VI I EKGGKVDVGGHLI DLKRVVLDGS AATRVIKI SA.
L CELNGTDWLATNFNVAVECEVI FPVLTHI VSYGAL T[T SHFLDTVSLATVS TAGFI HGRYVLSSI [YAVCAFAALI CETI RL'
TTL CELNGTDWLE QKF GVAVE[TEVI FPVLTHI VSYGAL T[T SHFLDTVGLATVS TAGY YHGR YVLSS1 YAVCAL AAL TCE VI RLAKNCNS WRYS CTRYTNFLLDTKGRL YRWRSP VI VEKRGKVE VEGHLI DLKRVVLDGS AATRLTRVSA.
‘EVI FPVLTHI VSYGALT[TSHFLDT VGLI [T VSTAGYHHRRYVLS'SI [YAVCALAALI CE VI RLAKN(
L1 ¥NLTLCELNGTDWL ADRFEVAVETEVI FPVLTHI VS YGAL T{TSHFLDTVGL VI VSTAGYCHGR YVLSSI [JAVCALAALI CFVI RL
L1 ¥NLTL CELNGTDWLAGKEDVAVETEVI FPVLTHI VSYGAL T[TSHFLDTVGLATVSTAGY YHGRYVLSSI [JAVCALAALI CE VI RLAKNCNS WRYS CTR YINFLLDTKGRL YRWRSPVI VEKGGKVEVEGHLI DLKRVVLDGS AATRLTRVSA.
L1 ¥NUTI CELNGTDWL! EVI FPVLTHI VSYGALTITSHFLDTVGLI [TVSTAGYHHRRYVLSS1 [YAVCAL AALI CE VI RL AKNCNS WRYS CTRHTNFLLDTKGRL YRWRSPVI VEKGGKVDVGGHLI DLKRVVLDGS AATRVIKI SA.
L1 ¥NLTLCELNGTDWLAGRFDVAVETEVI FPVLTHI VS YGAL T[T SHFLDTVGLATVSTAGY YHER YVLSSI [JAVCALAALI CF VI RLAKN
L1 ¥NUTI CELNGTEWLNKNESVAVETEVI FPVLTHI VSYGAL TITSHFLDTVGLI TVSTAGY YHGRY VLSS [YAVCAL AAF ACF Al RLAKNCNS WRYS CTR YINFLLDTKGRL YRWRSPVI I EKGGKI DLGGHLI DLKRVVLDGS AATRVIKI SA.
L1 ¥NLTL CELNGTDWLAGKEDVAVETEVI FPVLTHI VSYGAL TITSHFLDTVGLATVSTAGY YHERYVLSSI [YAVCALAALI CE VI RLAKNCNS WRYS CTR YINFLLDTKGKL YRWRSPVI VEKGGKVE VEGHLI DLKRVVLDGS AATRLTKVSA.
VI FPVLTHI VSYGALTITSHFLDTVGL AT VSTAGYYHERYVLSS1 [YAVCALAALI CE VI RLAKNCNS WRYS CTRYTNFLLDTKGKL YRWRSP VI VEKGGKVE VEGHLI DLKRVVLDGS AATRLTKVSA.
VI FPVLTHI VSYGALTITSHFLDTVGL ATVSTAGY YHER YVLSS1 [JAVCALAALI CF VI RLAKN(
TL CELNGTDWL AQREDVAVE[TEVI FPVLTHI VSYGAL T[T SHFLDTVGL ATVSTAGY YHER YVLSSI YAVCAL AALI CEVI RLAKNCNS WRYS CTRYTNFLLDTKGKL YRWRSP VI VEKGGKVE VEGHLI DLKRVVLDGS AATRLTKVSA.
LGKCLTARCCSRLLFLWCI VPS YLAVL L1 ¥YNLITL CELNGTDWL AGREDVAVEITEVI EPVLTHI VSYCAL iT SHFLDTVGL AIrVS TAGYYHER YVLSS1 [ AVCALAALI CEVI RLARNCYS'
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Fig.4 Alignment of complete amino acid sequences of PRRSV ORFS5. The signal peptide, non-neutralizing epitope, and neutralizing epitope are
highlighted in red, blue, and orange boxes, respectively. The transmembrane (TM) domains are indicated by the three purple boxes

2006 to 2018. In addition, the positive rates in different
parts of China from 2017 to 2018 were also considerably
lower than those observed from 2012 to 2015 (North-
east China, 10.00% vs. 65.45%; North China, 28.04% vs.
53.35%; East China, 25.06% vs. 63.66%; South China,
29.33% vs. 64.27%; Central China, 27.41% vs. 52.22%;
Southwest China, 18.52% vs. 47.70%; Northwest China,
8.12% vs. 47.04%) [7]. These findings suggest that China’s
efforts to control PRRS and other swine diseases during
the past ten years have had a positive effect. For example,
to improve the biosecurity and management level as well
as to promote disease control in pig farms, the General
Office of the State Council issued the National Medium-
and Long-Term Plan on Animal Disease Prevention and
Control (2012-2020) in 2012 [27]. This official document
establishes goals and priorities for control and eradication
of swine diseases in China. In 2016, the Ministry of Agri-
culture and Rural Affairs issued a national plan for sustain-
able pig production and development (2016-2020) [28].
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This official document aims at promoting the optimization
and upgrading of the pig industry. These national actions
have contributed to improvements in disease control in
the pig industry in China. In addition to the government
policy, the outbreak and spread of African swine fever in
China has also led to an acceleration in the improvement
and enhancement of biosecurity on pig farms in recent
years, which may be beneficial for PRRS control in the
future.

The history of PRRSV prevalence in China can be divided
generally into three stages: the first stage was between 1995
and 2006, in which typical PRRSV strains were the main
epidemic type [9], the second stage was between 2006 and
2012, in which HP-PRRSV emerged as the epidemic PRRSV
type [25], and the third stage was from 2012 to now. During
this stage, HP-PRRSV remains the epidemic type, but novel
PRRSV strains such as the NADC30-like strains and GM2-
like strains have emerged and are increasing in prevalence
[7, 8, 14-16, 29]. In the present study, we found that a large
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proportion of PRRSV strains detected in China from 2017
to 2018 were HP-PRRSYV strains (51.57%), while a very
low proportion of the detected strains were typical PRRSV
strains (3.17%) (Fig. 1). These results are in agreement with
the results of the other epidemiological studies conducted
in China [6-8, 15, 25], suggesting that HP-PRRSV strains
are still the epidemic PRRSV type in China. In addition
to HP-PRRSVs, NADC30-like strains also represented
a large proportion of the total (43.30%). The outbreak of
PRRSV NADC30-like strains in China was initially reported
on seven intensive pig farms in Beijing, Tianjin, Shanxi,
Henan, and Zhejiang in 2014 [29], and the emergence of
such strains is likely to have arisen from the recombination
between the North American NADC30 strain and the Chi-
nese HP-PRRSYV strain [17]. Since then, PRRSV NADC30-
like strains have been detected continuously in many regions
of China [7, 8, 30-33]. In this study, the detection rates of
PRRSV NADC30-like strains in different regions of China
ranged from 38.20% to 63.64%. These values are generally
higher than those observed previously in China [7, 8], sug-
gesting that the prevalence of PRRSV NADC30-like strains
might be a high-priority problem to be solved in China’s
pig industry in the future and should receive more attention.

Considering the unique production model and the lower
level of management, vaccination, particularly the use of
live vaccines, is the primary choice for majority of pig pro-
ducers for preventing and controlling PRRS in China [9].
However, the efficacy of inactivated and live vaccines for
controlling PRRS in clinical settings has not been as satis-
factory as expected. This could explain why many pig farms
where the animals had been vaccinated still had high posi-
tive rates of PRRSV2 detection in this study. Furthermore,
extensive use of live vaccines and the continued spread of
HP-PRRSV on pig farms will aggravate the complicated
situation of PRRS in China. Selective pressure from the
vaccines will increase the genetic diversity of PRRSV epi-
demic strains, and recombination between field strains and/
or between field strains and vaccine strains will accelerate
the emergence of novel strains [9]. This complicated situ-
ation could be reflected by the observation that there were
five clades of PRRSV?2 strains including typical strains, HP-
PRRSYV strains, NADC30-like strains, and GM2-like strains
coexisting and spreading together in China, as seen in the
phylogenetic analysis in the present study (Fig. 3) as well as
other epidemiological studies [8, 23]. These findings sug-
gest that PRRS is a complicated swine disease in China.
It is worth noting that the emergence of GM2-like strains
(strains in clade II, Fig. 3) is believed to have resulted from
recombination between the MLV RespPRRS/Repro vaccine
strain and the Chinese field strain QYYZ [14], while the
emerging HP-PRRSV strains in China are speculated to be
experiencing gradual variation and accumulation of genetic
changes, diverging from typical PRRSV viruses [9, 12].

This should be taken into consideration when attempting to
develop effective and safe vaccines and choosing vaccines
for the prevention and control of PRRS in China [9].

GPS5 is an important glycosylated protein of PRRSYV,
and it is one of the most variable structural proteins among
PRRSV strains [34]. Multiple amino acid changes have been
found in the GP5 proteins of HP-PRRSVs strains, GM2-
like strains, and NADC30-like strains compared to that of
typical PRRSYV strains, and these changes are commonly
seen in its signal peptide coding region (residues 1-26),
non-neutralizing epitope (residues 27-30), neutralizing
epitope (residues 37-45), and transmembrane regions (resi-
dues 66-83, 95-104, and 112-128) [8, 15, 35, 36]. In agree-
ment with these findings, multiple amino acid changes were
found in the signal peptide coding region, non-neutralizing
epitope, neutralizing epitope, and transmembrane regions of
the GP5 proteins of HP-PRRSYV strains, GM2-like strains,
and NADC30-like strains detected in this study (Fig. 4 and
Table 4); these changes may be responsible for the acceler-
ated evolution of this virus [8, 36, 37]. In addition to GP5,
the Nsp2 region is also one of the most variable regions
among PRRSYV strains [8, 34]. Compared to typical PRRSV
strains, all of the HP-PRRSV strains detected in this study
had a discontinuous deletion of 30 amino acids in their Nsp2
region (Fig. 5; shown in a green box). The presence of this
30-aa deletion in the Nsp2-coding region has been found to
be a general characteristic of the HP-PRRSV strains circula-
tion in China [6-8, 12, 25]. It is worth noting, however, that
this deletion is not related to the virulence of these strains
[9, 38]. Nevertheless, since all HP-PRRSYV isolates in China
have the same 30-aa deletion in their Nsp2-coding region,
this deletion can be considered proposed as a genetic hall-
mark of highly pathogenic PRRSV [9]. The NADC30-like
strains that were detected also had a discontinuous deletion
of 131 amino acids in their Nsp2 region compared to the
Nsp2 region of typical PRRSV strains (Fig. 5; shown in a
red box). Similar findings have been reported elsewhere
[8, 35]. The presence of these amino acid changes in Nsp2
might affect the antibody response induced by the virus,
since amino acid deletions in Nsp2 might alter the viral titer
and/or affect the antibody response against PRRSV [39, 40].

In conclusion, we report here the epidemiological and
genetic characteristics of PRRSV2 in most parts of China
in 2017 and 2018. Our preliminary data revealed that the
overall positive rate of PRRSV2 detection in most parts
of China showed a decreasing trend compared to that
reported between 2006 and 2010 and between 2012 and
2015. Regarding the different types of PRRSV2 detected,
HP-PRRSYV remains the dominant PRRSV type currently
circulating in different regions of China. However, the detec-
tion rate of NADC30-like strains is increasing, which should
receive more attention. In addition, multiple mutations have
been found within the ORFS5 region and Nsp2 region, which
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Fig.5 Alignment of partial amino acid sequences of PRRSV Nsp2. The deleted regions in NADC30-like strains and highly pathogenic PRRSV
strains are indicated by red and green boxes, respectively
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might accelerate the evolution of this virus and alter the viral
titer and/or the antibody response against the virus.
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