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Isolation and identification of the porcine hemagglutinating
encephalomyelitis virus strain JS-2025
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HE Qigai"*’, ZHANG Mengjia"***", LI Wentao'***'

1 College of Veterinary Medicine, Huazhong Agricultural University, Wuhan, Hubei, China
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Abstract: Porcine hemagglutinating encephalomyelitis virus (PHEV), a member of the
betacoronavirus genus, is widespread in swine herds and the only known coronavirus causing
neurological diseases in pigs. [Objective] To characterize the genomic features and phylogenetic
relationship of a PHEV strain isolated from China. By investigating the biological properties of the
virus, we assessed its epidemiological status and identified genetic variation patterns and
evolutionary trends, providing a scientific basis for developing targeted prevention and control
strategies. [Methods] RT-PCR detection was performed on suspected PHEV-positive samples
collected from a large pig farm in Jiangsu Province, China, followed by virus isolation. The
isolated virus was validated by indirect immunofluorescence assay (IFA), transmission electron
microscopy (TEM), and whole genome sequencing. Phylogenetic analysis was performed based on
the complete genome, S gene, HE gene, and NS2 gene. [Results] A PHEV strain, designated as
PHEV JS-2025, was successfully isolated from the brain tissue sample. IFA showed strong red
fluorescence signals in the cytoplasm, and TEM revealed typical coronavirus particles with a
diameter of approximate 150 nm. The strain showed vigorous propagation in HRT-18 cells,
reaching the peak viral titer at 72 h, with a 50% tissue culture infectious dose (TCIDs) of about
10** TCIDsy/mL. PHEV JS-2025 could infect HRT-18, NPTR, and LLC-PK1 cells, and to a lesser
extent, human intestinal Caco-2 cells. Whole genome sequencing revealed that the genome of
PHEV JS-2025 was 30 044 bp in length, with over 94.9% nucleotide sequence identity to 14
reference PHEV strains, clustering within the rvPHEV-L-1 lineage. Of note, a mutation in the NS2
gene caused a premature termination at amino acid 19, resulting in the functional loss of the NS2
protein. [Conclusion] A novel PHEV strain JS-2025 from Jiangsu Province was successfully
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isolated and identified. This strain exhibits unique cellular tropism and can infect human intestinal
cell lines, showing a risk of cross-species transmission. The truncated NS2 gene may affect the
pathogenic mechanism of this strain. This study aids in understanding the genetic evolutionary
characteristics and epidemiological features of PHEV and has implications for the prevention and

control of PHE.

Keywords: porcine hemagglutinating encephalomyelitis virus; isolation and identification; genetic

evolutionary analysis
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1 ME5FE

1.1 HmAE

TEVT 9048 B EEA, PHEV YL il i, R
LW FEAT S8 L A AR 4T PHEV el . W 4R
BRI A2 A, -1 T DMEM 15 57 5
Hi . A PHEV FH 1 B figi 20 23 8% AR F i 1R 16 2%
M (0.1 mol/L, pH 7.2) %45 i 10% Ay 2H 4175
W B EAE 4 °C. 4 500xg &0 10 min, £
0.22 wm 1 5 45 U8 25 o 8 S5 FH AR B o B
T
1.2 #Z%ESFEEVFN RT-PCR &0

S RNA $#E 5% I8 TRIzol 457 & (Invitrogen
S EDULH T, BAARERELTT . B 200 uL #
5 1 mL TRIzol 2 WIR G, ZEHIEF 5 min;
B 5 A 200 L 5405, RIZLRTIER 215 BT ok
I 10 min; 4 °C. 12 000xg &.0» 10 min J7, /]
DY BB IS SRS NEIR G . BRG]
HiENR ) G F IR EHE 10 min, HREL., FE
¥, A 1 mL JoK LEEPES, 4°C. 12 000xg
20 10 min 5 AR T . &J5% RNA BT
RNase-free 7K1, 4304 5847 T80 °C.,

f#i i PrimeScript™ RT &7 £ (TaKaRa 2\ 7))
PR REAR BEAT cDNA G i, FIRIEIH R, R
H &5 P E i (PrimeSTAR Max DNA Polymerase,
TaKaRa 72\ @) #E47 PHEV-N 2K A Bt (289 bp) )
RT-PCR # il . 9" 3 fr 5414 PHEV-N-F (5'-
TGCTGCCACGATGGTACTTT-3") il PHEV-N-R
(5" -CTACGCGATCCTGAACTAGG-3"),

13 HENSELE

¥t U8 J5 Y & W R T HRT-18 41 Jig
37°C., 5% CO, ¥5i%. WM 1hJ5, A 1%
M35 B DMEM, 1533 5 d J5 % 9 4y b i % Fh
HRT-18 MM AT A%, B L 3 f0FM
RT-PCR. [HHRIESI IR THI L S, SR
J& 38 2 7 S B LR AT i — D S, SR
FRERIEA . NI 2 500xg #5.0 30 min
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GCWIFE S min, HEERERCEMET
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Marc145, HRT-18, NPTR., LLC-PK1 £ N2a 4
Mo JB&4Y 72 h s, il S50 & ARG R )
mesﬁﬁmiﬁ%h%ﬁ IFA 55 LR
o BETE A AL 2R T (1 B I
1.8 mEERFEBTESNF

4G NCBI 4 [ (https://www.ncbi.nlm.nih.
gov/) 35451 PHEV FtR LR 4T H(E B,
{8 il DNA Club Primer Permier 5.0 fl DNAMAN
Bt Ay 851, i H PrimeSTAR
MﬂﬁJAﬁﬁa%mdmAL TPHE L [l
ﬂMEO i B G S22 7 A A B TSk 2 6 1Y
%ﬁﬁm%%ﬁ%?ﬂofﬂﬂﬁaﬁxﬁ

M ERFW AL L E SRR

M GenBank 4 AR HL T >k A AN [F AT
KK 15 4 PHEV @3 N4 541, X 285 51
GenBank & 5§55 | 7 B A0 AR A5 BOEE UL &
2. KA AAT TN 5 AR GAT E R
BEMRIEAT LU, B Sl DNAStar 4K 44:(v7.0)
MegAlign I HEIY) ClustalW J5 ¥ 7547 15 51 HL X,
Biti 5 {8 ] MEGA K 14 (v12.0) 19 45 32 (neighbor-
joining, N)EHERG A ER, HIRELN 1000,

2 ER559

2.1 PHEV B4R

fifi FH PHEV-N 4 5P 5 | 4 X6 Ak 4 - () B AR
4T RT-PCR il , 2501 1A Fis. 2
IREEAS S T4 289 bp 19 A BE, H.Z& ¥

GenBank {#f8 /32, %5508 PV730382. P44 BRIAFREAY B A BE S PHEV-N (] 1B), X%
&1 PHEVEEEEY E5|¥FF

Table 1 Primer sequences for PHEV complete genome amplification

Primers name Fragment size (bp) Primer sequences (5'—3')

PHEV-PD1-F 4132 GATTGTGAGCGAATTGCGTGCGTG
PHEV-PD1-R CACCATGTGCCATATGGCCGTTAGC
PHEV-PD2-F 4332 GCGTAGTGTGTATAAAGCAGCTTGTGTCG
PHEV-PD2-R GTCAATTCAAGACCTGCCGACACAGC
PHEV-PD3-F 4286 CTGCCAATACTGGTACGTCTGTTACAG
PHEV-PD3-R GAGAGCCAAATCTGCCATACGCTCC
PHEV-PD4-F 4222 GCGACGATTACGCAAAGGACAATACTG
PHEV-PD4-R AAGAGGCTTTCTGATGCAACTGCCAC
PHEV-PD5-F 4564 AGGAGCTGGATGCTTTGTGGATGA
PHEV-PD5-R GCTGGAGTCGTACGAAACAAACTCCTG
PHEV-PD6-F 4320 AGCTCTGGCAACCTCTACCATCTTT
PHEV-PD6-R AGCCAAGCTTCGATATCGCAATTGG
PHEV-PD7-F 4691 CTTCTAGCCTTTGACCAGGATGGTG
PHEV-PD7-R GATCGGCCCACTTAAGGATGCCAT
PHEV-PDS-F 1770 GACAGGATAGGCGATACTAGTGGT
PHEV-PD8-R GTGATTCTTCCAATTGGCCATGATTAACTTC
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x2 AWRETRAEPHEVETR
Table 2 PHEV strains used in this study

Name GenBank Country Host Years
PHEV/67N/US/1970 MW165134.1 USA Sus scrofa 1970
PHEV_CC14 MFO083115.1 China Sus scrofa 2014
PHEV _JL/2008 KY994645.1 China Sus scrofa 2008
PHEV_VW572 DQO011855.1 Belgium Sus scrofa 2006
PHEV-swine/USA/15TOSU1785 KY419106.1 USA Sus scrofa 2015
PHEV-swine/USA/15TOSU1209 KY419107.1 USA Sus scrofa 2015
PHEV-swine/USA/15TOSU0582 KY419105.1 USA Sus scrofa 2015
PHEV-swine/USA/15TOSU1582 KY419110.1 USA Sus scrofa 2015
PHEV-swine/USA/15TOSU2504 KY419103.1 USA Sus scrofa 2015
PHEV/HLJ/2017 0Q305206.1 China Sus scrofa 2017
PHEV/ZJ/2017 0Q305208.1 China Sus scrofa 2017
PHEV/SC/2017 0Q305207.1 China Sus scrofa 2017
rvPHEV4 0Q798824.1 China Sus scrofa 2019
rvPHEV15 0Q798811.1 China Sus scrofa 2019
A

bp

j\“‘{\“"“b‘

2000

1000
750

500

250
100

Ell BABAMPHEVEISEEE. A: ALEEARINIER F By #545 R (M: DL20007r FHhrEY; 1:
kAR 2. BNZ414Y; 3. PHEVIHPEXTIR; 4. PHEVIATEXTAR); B: Sangerill P45 RNFEH A B; C:
HRT-184 0 - 4 [E] F S e 9 L 45 R (AL DO IRPHEVIR REE 5); D: JeaE B

Figure 1 Isolation and identification of PHEV from tissue samples. A: N gene fragment amplification results of
tissue samples (M: DL2000 molecular weight marker; 1: Tonsil; 2: Brain tissue; 3: PHEV positive control; 4:
PHEV negative control); B: Sanger sequencing results (N gene fragment); C: Indirect immunofluorescence
results on HRT-18 cells (Red fluorescence represents PHEV virus signal); D: Electron micrograph of the virus.
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i E (IFA) 7, 2 a5z vh m] D B 2 A 21 €4 FF
PAE S (K 1C)e BEAh, X435 f 0 B ORI A T
YL B L A5 25 L (1] 1D), 43 M s 7 7E i
TR . AR 150 nm B IRIG R REIUR . 254
FRIE PRI PRAE MR . PHEV 45 51 K B i sh
# DL TFA RN BT USRS 45 0L, w75
4 PHEV, Jf¥H 444 PHEV JS-2025,
2.2 PHEV JS-2025 7£ HRT-18 ZH ffl o
AT

A5 Reed-Muench ¥, 551 ) 245 Wa I & 7
TN BE IR HRT-18 4l J5 5 7500 B2 7F 2472 h
BT, 7 72 h AR BRI A BE(E, AR
10*’ TCIDso/mL, Ffif5HF U218 T I (E 2).

(9]

~

w

[\S}
T

Virus titer (Ig TCID,,/0.1 mL)
T

0 12 24 36 48 60 72 84 96 108
Hours post-infection (hpi)

2 PHEV JS-20257f HRT-18 40 it h #E A B 745
FEHRT-1841 i 43 HTPHEV JS-202511 24 K 8 112
L 0.01AMOLE LA, JFAERGLF12, 24, 36,
48, 72, 84, 961108 h (hpi) U % [ 7%, ik
TCIDso53 BT #5% B -

Figure 2 Proliferation of PHEV JS-2025 in HRT-18
cells. The growth kinetics of PHEV JS-2025 were
analyzed in HRT-18 cells. Cells were infected at an
MOI of 0.01 and supernatants were collected at 12,
24, 36, 48, 72, 84, 96, and 108 h post infection (hpi)
and analyzed for viral titers through TCIDs.

2.3 TRERMEPEREM

PHEV LJAHIR] (195 25 1] & (MOI1=0.01) 53 1] J&&
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WG ERE R 2 5 HiA PHEV TERERIE £, ABF
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), HA4K A 30044 bp, XF PHEV JS-2025 #f4>
FER AT R ¥ 9 AT 0 At & 38, PHEV JS-
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TE LE R 43 85 i) VWST72 BRAR I A, — 3K
PEIK 99.2%; 15 PHEV/HLI/2017 B 5845 35 %
PERAR, 1 94.9%. LFERA N RSk EW M
F W], PHEV JS-2025 HRET7E B 43 X 5 VW572
BV SORGOC R B (8] 4A)

XS KPR AY J Br 4 S 2 B AN TR L .
PHEV JS-2025 # 5 rvPHEV4 AR, 3
F Y% KR 5 PHEV/SCR017 #EMk L, J& T
rvPHEV-L-1 i & . X —45 85 HE B L Xt 2h
SRR, W EEP 4 NS2 [R PR R R S8k B
157075 %8, PHEV JS-2025 FRAY NS2 LK 78
5519 NEIERAL I TR 2R IS, S
= Dfigtk NS2 & H (& 4B-4D).

3 Wkb&®h

FERIEEE TN o, By Yy M4 NE. Bl
RIKEEALHG PHEV, 456K 7 (BCoV) . NJd
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Caco-2 Vero

PHEV

Merge

Marc145 HRT-18

PHEV

Merge

HelLa HEK-293T

NPTR

N2a

LLC-PK1

El3 PHEV JS-20254ARARE M. 42 58 /5 SPHEV mAbi I AUWE 7, (i FHLL2EHE BlIgG 594 b/ P S
PE(ZL), AR HIDAPIY L (i () Fui 200 pm.
Figure 3 Tropism of PHEV JS-2025 cells. Cells were fixed and incubated with PHEV mAb overnight. Positive

reactions were shown using goat anti-mouse IgG 594 (red). Cell nuclei were counterstained with DAPI (blue).

Scale bar 200 um.
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Figure 4 Phylogenetic analysis based on the nucleotide sequences corresponding to the whole genome
sequence. A: Genetic evolution analysis of whole genome nucleotide sequences; B: Genetic evolution analysis of
S genome nucleotide sequences; C: Genetic evolution analysis of HE genome nucleotide sequences; D:
Characterization of NS2 gene deletion patterns.
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