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RNA »on (envelope virus) navyn 9n wn ,Bovine coronavirus (BCoV) 9721 nympn 9
(1) SARS-Cov, MERS-CoV, SARS-CoV-2 n »»» nx 0y no5on ,Coronaviridae 1 nnovnn
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)2 105 (1) DYWTN DNDINND DY NPATNY NN NHRNN NAYD PN DY NI NNNNN NYIN NN

APNN THD MOVPON THINDIN NANN DY NP NYINN )IDNN NN DY NYPN NPNLIND M

MNIM WX DY NN ODYNI 1P OOYH MONNY NPV MONNY 0N IPAA INNPN PN
(1) : PN NVYIYP NMNNON 90N NYP PN .(2) IPAN PYND DOPMYNYN DMDIYD DI TDNY
SV 25NN NPIvNA RPN DTN DTN N2 122 ONT wHva nawnn Winter dysentery (WD)
NIMANNDY DNMN DY DNYRIN MV Dova nynon calf diarrhea (CD) (2) .(3) mad5n M9
DN 9922 NNYOWIN 25772 DM (3) .(3) NIINNY GX D27 DIPNY ONT DXIPYD ,NINN DIvOva
bovine respiratory disease 1 PoN3) NI NNINDY VNN NPIAN DT DIND DN DNV

.(4) (complex (BRDC)

PN IN DTNNN N PR VDY DY DIDDIINND TP INNPN N THD DMINDN DXNDIN 190N DIV
Mebus -1 13,007 »wn TN DMIPHNN 112 ©9o1nN (modified live or inactivated vaccines) N
oY VINNN 2172 1D ,ONRIWA ,0PNY N .C-197 1IN ((5) MY DOWMNIND 7Y TTAY NYNIN 1I1D)
N SY NVONN Y MO JOND NXDNN NON TP INNPN PN TN PON NN PN ,ONWN MPTN
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DMV P2 OPYNI PNN DY NPININD DY 27 19002 XIND I 70 MITY .9P22 DNNPN PR SV
(2017 M2 PNYY ) PYWNI NNNNN MINIONNN Y915 ,2017-2021 DNIVN P2 DMWY DIPN 250 2) NINA

.(6) DXNOPNY DMNN DD DIPII I TWUN
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I NON YW NN 7230 191 CD Y WD 1305 Y91 7INRY (protective immunity) 121070 NN DY
NN NYY DI DPX VN DINDNY ININ GN DIPNN .DI2HYD NP THINDN NN PADY NVINN )
NTIYNN NY2N DD DIPPN DN DY NADN Y1 .(7) BRDC-n mYnn 755 NHv o)X n0oon
NN NLN MNYN IN1NA .DNIY MIYY 1Y YTV D9%)) DY DODIAN DY DM DINDNNY
MNTYHOX MY (viral escape) NWIN NOINN NIIWNN PINND NDID PN NIPNN,(7) NNNPN PN DY

PAN MDIYOIN NN DD DIPATIN PPN 2T THD DINDINN MDY Y1)

NIN2 DMWY IPAOPYNI AN IPD IO DD GON 7T MYRI MIONN NINN PN, ANINND ONWI
DY DXPYNN DXVTN D397 MIVY ITTIA NT IPDI INXIWI DIXIANN PNN T NN PANY NIVNI
172V PR 097 .0YNI2 OMIYHP DMINID ININ TYNX MIAIN M9 1TTI2 VX DM .(6) INIW Y2ANI2
D% TIN2 VRN MNYN NYIAPY VLI MNP Spike (S)-N PN2ATN ¥ HY DDINN MNP IIN
DV DXVIMINY N9V MNP ¥ ININ IPON MXNN . Mebus 225910 1319 1IN DT P2 DPMIPHN



9NN NYYIN 0YLVN 828-0001 990N PIYN 913Y DIDN FYINI N/YY

.2259N1 21 P29 NIND DD DININM DTN 12 NPV MNY MY Y21 MNPNN PYNA TP NINNPN PO
DY NP TN HNIWII DD DINMN OMNDNN DY MDD 12D NONYN NN DIPINND 1IN DINNNDND
12OY TPNON NN

9PNNNH MHIYN

(Humoral immunity) H¥5930 5592907 1591001 N2NNN NN NPNY NN 1T 9PNHN NYSH NIVN
13PN 993 195 V491 (antibody neutralization response) n59V3N NHOINN NANNNY ,HYoa
JOINM 9P WM 9paa

YL 19N YN IP22 BCoV ™) 07NN 91703 NANN DY NPy NNy X 1NHY ANHayn Nywn
wny> BCoV Sv navyn a5na 5170) YIDANR DY NMA) MIXINITIA 1PINY JOINND P2 NNWY
YD PYNRT NPN INNT NDYI 1NN T 19V SNYNIN )NDN YW M2 DDIAN 1NONY NNV
INOPNN DY D550 PN

: ININ NMIVNN MYNNNI T NYNN DY MIVNT IR DY VOV NIYWNN NN JN2) NN

’1NI2 IP2 MNN2 MNY NPYYP NMNDNY DNRIND ©»MPHN BCoV 1 Hw 111y 19aN :1 n9vn
DRI

722 BCoV 1) nwomn m971mnn m»onn 9pn 2 Non

DTN T DY DM TWR DN NALYNN 12N 1TV YVIAN HY 332101 77312 JIN 3 NIVN
.(neutralizing antibodies (nAbs)) ©¥9700

MINNID
2093 9P MHNI MNY N1P1YP MNNONY 039N 093P BCoV 2t HY 717931 an :1 Nvn
INIYY

BCoV 0npn 02t 199N :1.1 190N
Spike N 125N HS¥ K9ND PN DX NAXT NIV ,ONIWA DD DI»P IWN BCoV 21 NN any 15
12 920N WX M7 .RT-qPCR »1 5y BCoV-Y n12»nd »1Iwix AWx N nimdyT 18-n (S)
(calf diarrhea) 09y DvwOYW WD n 0921010 DY MINKXY MYIN MM M9 2017-2022 DNIVN
NNV (1 NY2V) NI’ 1IN MO TP NN 15-1 (pneumonoenetric infections) NN M1
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Farm Sample  Site of collection/Source  Collection year Clinical syndrome  Location Animal status
1 ISR2218  Rectal Swab 2020 Winter dysentery Central Alive
2 ISR2391  Rectal Swab 2017 Winter dysentery South Alive
3 ISR2382  Rectal Swab 2018 Winter dysentery South Alive
4 ISR1348  Rectal Swab 2019 Winter dysentery North Alive

ISR2292  Rectal Swab 2020 Winter dysentery South Alive
5 ISR3204  Rectal Swab 2021 Calf diarrhea South Alive
6 ISR1601  Rectal Swab 2018 Winter dysentery South Alive
7 ISR1310  Rectal Swab 2022 Winter dysentery Central-S Alive
8 ISR1309  Rectal Swab 2022 Pneumonoenteric Central-N  Alive
9 ISR1239  Tissues 2022 Calf diarrhea North Dead
10 ISR2182  Rectal Swab 2020 Winter dysentery East Alive
11 ISR1146  Rectal Swab 2021 Winter dysentery Central-N  Alive
12 ISR2063  Lung 2021 Respiratory North-E Dead

ISR1429  Tissues 2022 Pneumonoenteric North Dead

ISR1371  Rectal Swab 2022 Calf diarrhea North Alive
13 ISR1273  Tissues 2022 Pneumonoenteric North Dead
14 ISR1204  Tissues 2022 Pneumonoenteric North-E Dead
15 ISR1262  Rectal Swab 2021 Winter dysentery South Alive

Table 1. Local bovine coronavirus strains isolated from animals suffering from different clinical syndromes

detected on major farms in Israel between 2017 and 2022
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Figure 1. Compares the deduced amino acid sequences of the full spike glycoprotein of the local Bovine
coronavirus (BCoV) isolates. The sequences were aligned using the Geneious protein alignment tool and included
only different amino acids in at least one isolate.
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Figure 2. Phylogenetic tree and amino acid sequence alignment of HE gene of local BCoV strains. (A) The
phylogenetic tree was generated based on varying HE protein amino acid sequences using the neighbor-joining
method with 1000 replicates in Geneious prime alignment software. (B) deduced sequences of partial HE protein
of local BCoV strains aligned to the Mebus reference sequence.
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Figure 3. Growth kinetics of isolated BCoV strains in HRT-18G (A) and BSR-T7 cells. Cells were inoculated with
a 1:10 dilution of each virus strain and incubated for 72 hours, followed by a Real-Time reverse transcription PCR
(RT-qPCR) reaction to determine Virus replication. The RNA log copy numbers were calculated and plotted for
each strain at To and T72. An increase in log copy numbers indicates successful replication.
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Figure 4. BCoV prevalence in dams vaccinated with three different commercial BCoV vaccines. (A) Overall
prevalence in rectal and nasal swabs. (B) Prevalence in rectal swabs. (C) Prevalence in nasal swabs.The swabs
were collected before vaccination and three weeks after the first dose and tested for BCoV RNA by a Real-
Time reverse transcription PCR (RT-qPCR) reaction.
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Figure 5. ELISA binding experiments. (A) Validation experiments were conducted with four serum samples using
our kit coated with local BCoV isolate (ISR2182) as an antigen and commercial ELISA kit. (B) ELISA of serum
from vaccinated animals against the Israeli ISR2182 and Mebus virus cultured in BSR-T7 cells. For each animal,
three time points were tested - pre-vaccination, pre-boosting, and after-calving. C) ELISA of colostrum harvested
from vaccinated dams against ISR2182 and Mebus strains
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Figure 6. Serum Virus neutralization test experiments. (A) VNT on the serum of four animals against Israeli
BCoV strain (ISR2182). The serum was collected at pre-vaccination, pre-boost, and after calving. (B) Correlation
plot of VNT titer at three serum collection points against their ELISA optical densities. The plot reveals a strong
relationship between the VNT and ELISA test outcomes.
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Materials and Methods

Isolation and in vitroreplication of bovine coronaviruses

BCoV was isolated from positive swabs and organ samples using the previously described
procedure by serial passaging with HRT-18G cells (ATCC® CRL11663™) [16]. Briefly, 1 mL of
membrane-filtered (0.45 pm) samples were incubated at 37 °C, and 5% CO, with confluent HRT-
18G cells, seeded in 25 cm? flasks (Nunc, USA). After one hour, the monolayer was washed and

maintained on Dulbecco’s modified Eagle’s medium (DMEM) (ATCC® 30-2002™) for 5-7
days. After two to three blind passages in HRT-18G, viral RNA was extracted, and Real-Time
reverse transcription PCR (RT-qPCR) BCoV detection was performed. An increase in the RNA
log copy number of the BCoV N gene with cell passage implied successful virus isolation. To
test the replication efficiency of the isolated BCoV strains, confluent HRT-18G cells seeded in
6 well plates were infected with 1 mL of the isolated virus diluted (1: 10) in DMEM and incubated

at 37°c for 72 hours. The Virus replication was confirmed by an RT-qPCR as described above.
A similar procedure was used to replicate the cell-adapted BCoV strains in BSR-T7 cells
maintained using Eagles minimum essential medium (EMEM) (ATCC® 30-2003™).

Sequencing of the complete spike and HE genes

The complete S and HE genes were amplified from the total RNA of BCoV-positive samples
using Quanta qScript XL T 1-Step RT-PCR Kit (Qunatabio, Beverly, MA, USA). Following RT-
PCR, the amplicons were verified by electrophoresis on 1% agarose gel; the clear bands were
excised and purified using a MEGAquick Spin Plus fragment DNA purification kit (iNTRON,
Seoul, Korea). Purified PCR products were vacuum-dried, and concentrated DNA was sent for
next-generation sequencing (NGS) (Genotypic Technology, India). The shorter reads from the
[llumina sequencing were subjected to de novo assembly using Geneious Prime software
version 2022.2.2 (Biomatters, CA, USA). The consensus sequences of the contigs were
assembled to reconstruct the original sequence of the genes. The resultant nucleotide sequences
were translated into amino acid residues, which were later assembled to the Mebus reference
sequence using the protein alignment tool in Geneious Prime software (Biomatters, CA, USA)
to identify polymorphisms and differences between the local BCoV isolates. The varying amino
acid residues were then used to construct a phylogenetic tree based on the neighbor-joining
method with a 70% support threshold and 1000 bootstrapping replicates.

ELISA for detection of antibodies against BCoV in serum and colostrum

We developed and customized the ELISA assay to measure total antibodies in serum and
colostrum. The assay was performed on 96 wells, half area, clear, high binding microlon
microplate (Greiner Bio-one, Germany). The plates were coated with 50 puL of filtered BCoV-
infected BSR-T7 cell supernatants diluted (1: 25 to 1: 50) in 1X Phosphate buffered saline (PBS)
and incubated overnight at 4°C on a shaker. Filtered mock cell supernatant was used as a

negative antigen control. Following the overnight incubation, the unbound antigen was disposed
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of, and the plates were incubated for 10 minutes with 3.7% Paraformaldehyde (PFA) to inactivate
the bound viruses. The plates were washed five times with 100 uL of 1X PBS containing 0.05%
tween20 (PBST) and blocked at room temperature for one hour with 100 uL of 10% fetal bovine
serum (FBS) (Biological Industries, Israel) prepared in 1X PBST. Following blocking, the plates
were washed five times with PBST and incubated for one hour at room temperature with 50 pL
colostrum or serum samples diluted 1: 100 with 1% FBS in 1X PBST. The wells were washed
six times with 100 uL of PBST, properly dried, and incubated for one hour at room temperature
with 50 pL goat anti-bovine HRP secondary antibody (diluted 1: 50,000 in 1% FBS-PBST). The
plate wells were again washed five times with 1XPBST and incubated at room temperature with
TMB substrate (Biolegend, San Diego, USA). After 15 minutes, the reaction was stopped with
50 uL of 2M sulfuric acid (Merck KGaA, Darmstadt, Germany). The absorbance was read at
450nm with a SynergyH1 microplate reader and analyzed using Gen5 version 3.09 software
(BioTek Instruments, Inc, Vermont, USA).

Extraction of colostrum immunoglobulins

Due to the toxic effects of some colostrum components on cell culture [30], it was imperative to
extract only the immunoglobulins from the collected colostrum samples for the following in
vitro studies. Briefly, frozen colostrum samples were thawed at room temperature and defatted
by centrifugation at x15,000G for 15 minutes. Defatted colostrum was incubated for 2 hours at
37 °C with Rennex, followed by centrifugation at x10,000G to extract whey. The
immunoglobulins in the whey were extracted by salting out using ammonium sulfate based on
a previously published protocol [31]. The precipitated immunoglobulins were dissolved in PBS
(Biological Industries, Israel) and stored at -80 °C for further analysis.

Virus infectivity-neutralization antibody test (VNT)

The VNT was performed in BSR-T7 cells using a modification of an established protocol [22].
The serum and colostrum immunoglobins from the vaccinated cows were incubated at 56°C for
30 min for complement inactivation and diluted 1:4 in EMEM growth medium supplemented
with antibiotic-antimycotics. Serum from an infected cow and fetal bovine serum (FBS) were
used as positive and negative controls, respectively. A two-fold serial dilution of the samples
was prepared in 1.5 mL microcentrifuge tubes, and a virus sample containing 150 units of
TCID50 was added to them. The serum-virus mixture was incubated at room temperature for 30
min, and 200 pL of it was added in duplicates to the confluent BSR-T7 cell monolayer seeded
in 48 well plates. The plates were incubated at 37 °C and 5% CO; for 72 hours. RT-qPCR was
then performed to determine the viral RNA copy numbers. The infectivity neutralization titer of
the serum or colostrum immunoglobulin was determined by expressing the value of dilution that

completely inhibited viral growth as reciprocal.
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