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?I%] E. LA KRBFHALE D DMK A FE(equine coronavirus, ECoV)5| A& &) —F L 37 L § M s &
, R RS Z B RILKE. MRAIRBEEEK, 1975 F, HERKERFLERELD R,
ﬁhmzz ANE R Ao R A AT, AT R BN REB I 6y N attsef 5 BFE 7T —HELD
ARAmEF. LB 6917 #2 ECoV ¥ B EMA KRB AR FLKXZUR AN FHM, Tk H&KE ECoV
RATI R Fa AL IR ACAS HPRABARIE, H ECoV Fr48 = sut AR L RAEAM AL, [0 ] 2t g KX
W E R X IR G T oG EME A S 24T RT-PCR AW, 40 fabAf 5 st AT R 4 5, JFA A ﬁa@
ECoV Sl & & &9 3% % & Fuik 8 13 8] 45 %, 9% 5% KR I5/\(1nd1rect immunofluorescence assay, IFA)%F 4
89 R B UATIRGE. AR4E ECoV-IL Aha A RN A4 R, staRA R4, N AEF NS2 AR #AT T
ARUERZALF oM AR R, [ER] RIS B é'J —# ECoV, J+# % % ECoV-JL. #&4t%
4% (transmission electron microscopy, TEM)MLE 4 B 3| 6 Jm 84 23K, B EA EEf K w5
WAV G REEM ., o B S HRT-18 @/ 72 h /& Ja 20 A B 7T 3| 1084, F 34 R R i 7
¥ (tissue culture infectious dose 50%, TCIDs¢)#9 # 10%'® TCIDsy/mL. ECoV-JL ZART A AE F
% (human ileocecal cancer-18, HRT-18)4m .. A% A M A% JZ (human colorectal adenocarcinoma-2,
Caco-2)%m it = AT 9% (human liver cancer cells, Huh7)%m & 452 454X, ECoV-JL #&5 GenBank ¥
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Abstract: Equine coronavirus (ECoV) is an emerging virus attacking the gastrointestinal tract
in horses, and the infected adult horses mainly present fever, abdominal pain, and diarrhea. In
1975, ECoV infection first appeared in the United States, and since then it has been prevalent in
many countries and regions. Only one recombinant strain of ECoV was isolated from the small
intestine of a donkey experiencing diarrhea in Shandong Province, China. [Objective]
Understanding the genetic composition, genetic relationship, and biological characteristics of
ECoV strains in China can lay a foundation for unveiling the epidemic status and genetic
evolution trend of ECoV and provide materials for the research and development of products
for the prevention and control of ECoV. [Methods] RT-PCR was employed to detect the stool
samples from a horse experiencing diarrhea in Huangpi District, Wuhan City, Hubei Province.
The virus was isolated from the positive samples and verified by indirect immunofluorescence
assay (IFA) with monoclonal antibodies targeting the S1 protein of ECoV. Based on the whole
genome sequencing results of the isolate, the phylogenetic analysis and sequence alignments of
the whole genome, N gene, and NS2 gene were performed. [Results] An ECoV strain was
successfully isolated and named ECoV-JL. Transmission electron microscopy (TEM) showed
that the isolated virus particles were spheroidal and had a capsule membrane and a typical
spiroid structure of coronaviruses. The tissue culture infectious dose 50% (TCIDsg) of
ECoV-JL reached a peak of 10516 TCIDso/mL 72 h post infection in HRT-18 cells. ECoV-JL
strains could infect three human cell lines: HRT-18 (human ileocecal cancer cells), Caco-2
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(human colorectal adenocarcinoma cells), and Huh7 (human liver cancer cells). The genome
sequence of ECoV-JL and the ECoV genome sequences in GenBank showed the similarity
within the range of 97.9%-99.0%. ECoV-JL was in a separate branch of the phylogenetic tree
and far related to other strains, which indicated that ECoV-JL might be derived from
recombination mutations. The NS2 gene presented more mutations, and the difference in NS2
gene was the main reason for the poor homology between ECoV-JL and other strains.
[Conclusion] We isolated and identified an ECoV strain from the stool samples of horses with
diarrhea and named it ECOV-JL. The study about the biological characteristics and
phylogenetic relationship of this strain reflected the characteristics of the epidemic strains in
Hubei Province, providing a clue for the epidemic status and evolution trend of ECoV in China.
Keywords: equine coronavirus; isolation and identification; phylogenetic analysis

Zhang %5 B 5% & W] 5 56 AR 4 B (equine
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Pusterla %% . Fielding %5 #1 Nemoto 4543 5l & 7.
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Mt 2F58 . BEME . AR I AIAZAR TS )F 4 S H)
FEHNS2, p4.7. pl2.7 M 1), HHF5ERW ik
1y 2 ARG 2 R E A 3 A5 5 gt 1
FLiG o 16 MHEZSHE M (nsp1-16)1,

AW TR AR WL Hb X Hy 3 18 15 5 i 2 {8+
a, GO EMERWE N ECoV gy, K
ESE| BRI 44 4 ECoV-IL ¥k, #t—XF43

http://journals.im.ac.cn/actamicrocn



1486

JING Ran et al. | Acta Microbiologica Sinica, 2024, 64(5)

BIMRIEAT T A e e e A AL A o M, A
FEEA WAL X T REVRATHY ECoV TEpkiR it
TZ%, NIRIE ECoV Mot Fft T H AL .

1A

1.1 mEERAERR

A G R ) ZE AT R I T b 4 i
TR B X IS TE 5 5, ZEEAE AT 2022 4 8 H 3
KA SLEG % ; HRT-18 . Caco-2 . HeLa-R19 . Huh7,
HEK293T. NPTr, PK-15 Fil Vero-CCL81 4fl/ifi
17 bR S0 5 R AE
1.2 EFERF

W AR & 5 BioFlux 2] ; PrimeSTAR
HS DNA Polymerase, DL2000 DNA Mmaker 14
H TaKaRa /A #]; BAZ4- I3 (fetal bovine serum,
FBS)IJ H BI /A F]; Dulbecco 2 K AY Eagle 17 3%
JL(Dulbecco’s modified eagle medium, DMEM)
[ EE I H Gibeo A5 BRIEHT ECoV-S1 2
1) 24 5 96 210 M PR A S 28 o A DR AF 5 BRAR A 4Rk
Yl (horseradish peroxide, HRP)FRric iEHT R 1gG
“¥illy H ABclonal 2] ; DyLight™ 594 111£41
/N IgG (HAL) 40 B 388K KRB A vl
1.3 S|¥&ITREK

M8 GenBank [ NC99 th 4 HH (& #S .
EF446615), F|ff] NCBI M3} Pick Primers T.H
B N BT — X R 2 45 14 EcoV-F (5'-GC
CGACCAGTCCGACCAG-3")#l EcoV-R (5'-TCA
GAGTTATCTTCGGTGAGGG-3").
1.4 fRAiabE

TCHRHZ 1 g 2508, il A 1 mL DMEM #f
BEIRS), AR 3R, 4 °C. 8 000 r/min &5
0 10 min, BBV Z 0.45 pm AL IE AL U8
J&5 T80 °CLRAF
1.5 ®EZBREINM PCR EE

B E5RWRE I 200 pL 5 1 mL TRIzol
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ZURWIRA, FIREFE Smin, fIA 200 uL &4
RG], VK F#-E 10 min, 4 °C ., 12 000 r/min
20 10 min W HiE, SERFURNEERS],
YK FH#E 10 min, 4 °C 12 000 r/min 5.0» 10 min,
FEE B LA 1 mL 95%Z BEBER , 7 600 r/min
BONT, &G, # RNA EM7EAS RNase
FI7K BRI 9 RNA R AETE-80 °C., #f
RNA R F 588 cDNA, F N LR 50E 5 Pt
98, W BEAR/NA 1256 bp, PCR M
%1% 94 °C 5 min; 94°C 15 s, 56 °C 30's, 72 °C
60s, ¥4 35 PMEI
1.6 REMSBMEE

W L U8 J5 B R PR T HRT-18 4, it A
37 °C, % 5% CO, Kigeffith 55 9% o B 1 h s,
IS 1%I03% & DMEM, Ffi)5 4 5 d {1 i
TOBE K A B 3R W DLW 5% A0 MG AR Ak
(cytopathic effect, CPE), &AL, P4
IR HRT-18 MR TR, Hi%
3 {0 i RT-PCR . [a] 452 598 9 G 5 (indirect
immunofluorescence assay, IFA) } i& 4 H B
(transmission electron microscopy, TEM)&< i
friff— %
1.7 JL ¥RBIE ST B SR R

HRT-18 #0825 0.01 K%K 35 B Y & %L
(multiplicity of infection, MOI)E&¥% 96 h J5 W £E
JREE, 12 000 r/min 250> 30 min J5 8 id 0.45 pm
B3 IE AR UE . I 30%KEERE, 30 000 r/min
B 2.0 2 h, A PBS HE &5 FRHIRH 20%.30% .
45% . 60% 1) FEEMHIE TRORD BE T B0 BB o PR
T T N A 7 A S TR P )
5 min f5 NER ML 20 L 2Rk, ERXT,
TN 2% IR (pH 7.2) 4% 2 min, FHUELCHY 25
ZRMGPEAR, SRNT, THEFEH B
(HLJE 200 kV) F WL,
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1.8 BREHRAKE. ERTERRKSE

PRI ARSI = RAE AR ] S1 R F1AY 4%
LA RNA, I FHZ R i 7 2ok
RNA [ #%5%°8 cDNA, JFik[A 1.5, DL cDNA
AR, BT AT B AR B R Y
B EEETA, IR SRR BORL, AT 293F 4
fiZeik, %4 SDS-PAGE %7E, K E kML
R4 4 S1-mAb,
1.9 [EHE%RERALRE

¥ JL DL0.1 B9 7 B e B L (MOT) B e
HRT-18 Ziififd, JE&YLJ5 96 h B AN AL . PBS
VEVR 1K, 4%Z RWEZ IR EE 15 min, 0.1%
Triton X-100 &L 15 min, 5%4-1M7E HEH
(bovine serum albumin, BSA)¥t/4] 2 h, 4 °C
EcoV-S1-mAb & 11 7% . A PBST % 3 s,
FH DyLight™ 594 [I2£51/M 1gG (H+L)7E 37 °C
TEHE 45 min. )i A PBST VE&k4iE 3 Ik,
H 4',6- — & Kk -2- 7% JL 15| g (47,6-diamidino-2-
phenylindole, DAP)YL A ¥ & 7 min. {58 %¢
I B TR EL .
1.10 F AL IEFF LT Z (tissue culture
infectious dose 50%, TCIDso) B9 E

FEHT 24 h DL 5x10° cell/mL A4 25 Bt
HRT-18 #ifig4i T 96 fLANMEH b v &5 Jk e, s
JL BRIFATIE 2L 10 f5 05 LU RS, SR 5 A B 1
RIS AL, &FL 100 uL, BHR
JETERE 8 AL, AR5 B AN s 25 1) 1E 3 4 M 1
XTHE . 37 °CHE3% 96 h Je 72 il , RAAIEE R
JE DRI T TCIDso (I 5E , A RIF 1.9, %
J&i Fl Reed-Muench F) /5123155 TCIDs.
1.11 FEEKHZNSE

Fi2 0.01 B9 I YL B2 F(MOI)/ER YL HRT-18
Hff, T 37 cCHiffisFRAR PGSR, HE 12-96 h
I8 AN WCEE AT [A] S IBORE XA [ B ] g SO
FESEAT TCIDso M E , 96 h J FH ] 42 00 15 %6 o

06 T B A A2 FLEY . W Reed-Muench
THEA A I 8] SR #E % 2 TCIDso, 2P B[]
1.9, LASCEE ] S5 R AL bR, TCIDso X R
PAAR AR IR B I — AR 2R
1.12  ZHAEREE

B 5 1R B S B (MO 43 45 3 1Y
JREETEFN BRI 4R R , f04% HRT-18 ., PK-15.
Caco-2. NPTr. Huh7. HeLa-R19. Vero-CCL81
F HEK293T #iiffl . Jee/dede 96 h 5, HlEl#E
BB IR I WS B B L 1
1.13 2ERFABAFITIERFFINE

Z: B8 GenBank 2 Ff% ¥ ECoV #EfKIF41,
TEARSF I BT 5 4514, PCR W 4414
95 °CHiIAEME 5 min; 95 °C7Z1E 30 s, 55 °CiEk
30s, 72 °CHEf 45 s, L 35 MEIR; 72 °CHEfH
5 min 4 34 BiifE B PR b2 4 pEASY-Blunt /5,
&4k, Escherichia coli DH10p /&3 &40, 12 h
Je PR ECBR S R B V5 EA T 7% PCR %87, PR TR
Wk BB A R AT FRA w1
1.14 =ERFHEAFT. N EEFFF NS2
FHIXT b R IEEIER L SR

il MEGA 7.0 #{FXE 8 B sk fE &
&Ry ECoV ZHE MRS, N FEHEA
NS2 FER A TxT G, A Ar HAL TR 22 AN, 42
s AL AR A T s AR A 3 B o ASBIFSE
#J GenBank I"E24 FEZHYECoVSH ol ILE 1,

2 HZRE5OM

21 PCRETEHR

W AL FLS (AR S 51T RT-PCR K, 2%
HoR, YRS 1 000-2 000 bp 2 7] A 4R A
ZRt BT BERE St o SRS I 38 R S 1) Ay
(Bl 1A); @it —BWF 0, § Ry
ECoV N R:[H(E 1B), FMEEMEREAPEAED
TEARIG TS
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%*1 XEHLFAH GenBank 24 L) ECoV 3% F5|
Table 1 The ECoV reference sequence that has been uploaded on GenBank applied in the article

Name GenBank Country Host Year
ECoV Obihiro12-2 LC061274.1 Korea Equus caballus 2012
ECoV Obihiro12-1 LC061273.1 Japan Equus caballus 2012
ECoV CH-CVP3 ON453891.1 Switzerland Equus caballus 2021
ECoVCH-ZH39 ON453890.1 Switzerland Equus caballus 2015
ECoV CH21 MZ562881.1 Switzerland Equus caballus 2021
ECoV Tokachi09 LC061272.1 Japan Equus caballus 2009
ECoV Tokyo02020 LC592689.1 Japan Equus caballus 2020
ECoV 2021/464693 OL770366.1 China Donkey 2021
ECoV 2020/7881 OM937885.1 China Donkey 2020
ECoV NC99 EF446615.1 USA HRT-18 cells 2015
A

2 000

1000

TV ——

AW AL

TTecAseTTT

ol .Am M Ml

V- [\ \

1 EEFEHERPIERFS NEE PCR 18R Sanger MFER A BMHEFN P LGS
N KK PCR §73¥45 5. M: DL2000 DNA Marker; 1: ZEfHFESLF ECoV HE 5k N 2K 5| ¥ PCR 3714 7~
Y5 2: ECoV FRStE N ZEH 5[4 PCR ¥ 84 =Wy A XT B4, B: Sanger Ml 745

Figure 1 PCR amplification result of equine coronavirus N gene in fecal samples and sanger sequencing
results. A: PCR amplification result of equine coronavirus N gene in fecal samples. M: DL2000 DNA Marker;
1: PCR amplification of ECoV-N gene primers in fecal samples; 2: Negative control of PCR amplification
products of ECoV-N gene primers. B: Sanger sequencing results.

22 mEIBLETE A5 4 K, WEES BRI EE, YL HRT-18
A3 ECoV Kl PH I ZEMEREA, FJ HRT-18  4iififd, R 7E HRT-18 40 I8 F WL 3| e RIm 515 5
MM BERTE . PR EAEE A, Ee ML RIgn gAY, RO 40 SR AR G AR TE Al .
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2.3 BmERARE. ERTEERNKT &

T4y B B RE AT 2RI, A
SO EE AR AR M R AR BB A R L SR
I FHLF 293F gpfadeis, B 2 Jyla) 4 fe g ue 6k
B3 (IFA)FI SDS-PAGE Z52% .
2.4 ECoV-JL tRRYiEST B E

WE 3 frows, ESTRENEE R ER,
ECoV NERIEIREERL T, HAREMR, P -
AUIRMLSE, BRARNERIEE, ARY
100 nm, HifiE MK ECoV EE—5, BT
AR BE ) BRI S5 1)
2.5 ECoV-JL ¥7 HRT-18 4 F 9% €
i

M4 Reed-Muench 1M % , 458 5 25 Wil
R HA R HRT-18 40 5 5 8 0 EE 7E 24-72 h
BiiEE , 15 72 h TR LA B, 20N
10%'° TCIDsy/mL, BJ5 FFARZEHE T (& 4).

2.6 ZHBAFEME

TENE SR A R 40 96 h Ji, WACHR 41 i AR
mn I EAT TFA Ko, il &5 SR i8], ECoV W]
PIFE 3 AP VR ANAE HRT-18 4B 15 & iz 40
Jid). Caco-2 4H( N\ 45 B M i 40 i)l Huh?7
4 L NP9 240 L) A% A 4 BB Pk A 5 1Y)
6] 32 e 3 o iR B 45 R /R, ECoV-IL #RYE
HRT-18 Zi i | e 802 fe i (K 5)
2.7 ECoV-JL %k EREFIHIEEZENL D

ARBFSE 4 B A5 51 ECoV-JL BRILR 20 4K
30 892 bp, £ AN AL AP A o, H
ZEFRECH . ORFlab (172-21 560 bp). NS2
(21 575-22 411 bp). HE (22 423-23 694 bp). S
(23 709-23 800 bp). E (28 357-28 611 bp). M
(28 62629 318 bp). N (29 328-30 668 bp)Fl I
(29 389—30 009 bp). *F ECoV-JL ¥k 4= Ik K 4 #%
TR 5 4T 4341, ECoV-JL #k 5 GenBank 7

E kpa M 1

180—
140—

100—
75—

60—

51 kDa
45—

35—

26 kDa
25—

E 2 ECoV-JL ¥ 7 HRT-18 A E Ry EZERE R AL R(EFIR A 100 pm)FI BT E K SDS-PAGE

gE D, BAMEXTER DAPL E: H53EPUIA SDS-PAGE #6524

Figure 2

Indirect immunofluorescence results of prepared monoclonal antibody with isolated strain

ECoV-JL in HRT-18 cells (scale bar is 100 pm) and monoclonal antibody SDS-PAGE test result. A: Fourth
generation isolated strain virus IFA red fluorescence. B: Negative control. C: Fourth generation isolated
strain virus DAPI IFA. D: Negative control DAPI. E: Monoclonal antibody SDS-PAGE test result.
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3 ESTHEEWE ECoV-JL %9 BYRSEE B 5, kIR A 200 nm)

ik Frds e B T

Figure 3 Observation of the ECoV-JL isolate by transmission electron microscopy (phosphotungstic acid
negative dye, scale bar is 200 nm). Arrows refer to virus particles.

B A # ECoV 4 3 K 4l ¥ 41 A4 L 1 A
97.9%-99.0%. ECoV-JL #'5 GenBank ' | %
) 10 £ ECoV ¥JEHA 97%LL I i A& AR
ECoV-JL #f 5 3 8 it i 19 5 5 AR 8 NC99
(GenBank % 5% : EF446615. )M MRS, —
R 99%; HRIE T I ECoV 2021/464693
il ECoV 2020/7881 it f& B4k M4 fik . 5L R4

8 ECoV

N
T

Virus titer (TCID,/mL)
0 IS
T T

0 12 24

1 1 1 1 1 1
36 48 60 72 84 96
Hours post infection (h)

4 ECoV-JL 7£ HRT-18 AR P IEFEFN TS
Figure 4 Proliferation of ECoV-JL in HRT-18 cells.
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MRS R BT BT, ECoV-IL #RHMJE T
— AR SE, A4 5 ECoV NC99
(GenBank % 53 5 : EF446615.1) k4> S 8 4 %
RBGE . SR, X N LR B oM 2 BB H A
[FA45 4, ECoV-IL ¥£5 ECoV 2021/464693
(GenBank % 53¢5-: OL770366.1)F1 ECoV 2020/7881
(GenBank % 5t 5 : OM937885. 1) A AU E e 55
FL R 5 ECoV 2021/464693 (GenBank % 5%
. OL770366.1)F MR .

X R 2 NS2 [] Y A 2R Gk AL 1) 43 A
g5 R, 5 GenBank 80 A H AL S HRAH L,
NS2 B L, 555 Bk Ia] v e R A
ECoV 2021/464693 (OL770366.1)F1 ECoV2020/7881
(OM937885. 1)k, —HMEIL K 49.5% R HE NS2
N RF AW 5317, ECoV-IL #h5 ECoV
NC99 (GenBank 3¢5 : EF446615.1)H1 ECoV
Tokachi09 (GenBank % 5¢%5: LC061272.1)[]4b
— DRI, RGERRBIE(E 6).
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DAPI ECoV-S1-mAb DAPI

F-
G-
H-
|

Merge ECoV-S1-mAb

Merge

5 ECoV-JL {HREREME(LLBFIR 4 100 pm)  A:ECoV-JL Bk YL Caco-2 4 il 5 IFA #5:1. B: ECoV-JL
PRI NPTr 400 J5 IFA K. C: ECoV-JL #RJ&YL PK15 405 IFA A, D: ECoV-JL /&Yt HEK293T
A5 TFA #3:9. E: ECoV-JL #R/E Y Vero-CCL81 #iififlJj5 TFA ;. F: ECoV-JL ¥k Yt HRT-18 41 )5
IFA K5, G : ECoV-JL #%J& 3% Huh7 40 il J& IFA K50, H: ECoV-JL #RJEL PK1 i it 5 IFA #5:l. 1. ECoV-JL
PRI Y HeLa-R19 40 J5 IFA £l

Figure 5 ECoV-JL strain cell cytotropism (scale bar=100 um). A: IFA detection of Caco-2 cells infected
with ECoV-JL strain. B: IFA detection of NPTr cells infected with ECoV-JL strain. C: IFA detection of PK15
cells infected with ECoV-JL strain. D: IFA detection of HEK293T cells infected with ECoV-JL strain. E: IFA
detection of Vero-CCLS8]1 cells infected with ECoV-JL strain. F: IFA detection of HRT-18 cells infected with

ECoV-JL strain. G: IFA detection of Huh7 cells infected with ECoV-JL strain. H: IFA detection of PK1 cells
infected with ECoV-JL strain. I: IFA detection of HeLLa-R19 cells infected with ECoV-JL strain.

3 WhEER
R HETT 4 3 D5 L0 P R 2 AR5 ol
ECoV J2—FERRAETMESILIPAL  peov ks HRT-18 IR b2 B BB IAR 1)
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Figure 6 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 N gene nucleotide sequences. C: Genetic evolution analysis of NS2 gene nucleotide sequences.
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