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ABSTRACT

This study reports a wave of abortions, diarrhea and a sharp drop in milk production at a dairy
farm. The farm was routinely vaccinated with an imported vaccine against BVDV, containing
the typical strains of Pestiviruses (BVDV-1 and BVDV-2). A total of 13 serum samples, 5
vaginal discharge samples, and 5 fecal samples were collected from aborted cows and from
cows showing persistent diarrhea. All the samples were screened for potential microbial
causes of abortion (viral or bacterial) using PCR. Out of 23 samples tested, only one vaginal
discharge sample yielded a positive PCR result at the expected size of 288 bp. The primers
used were designed with high sensitivity to 5’-UTR-based-RTPCR assays for the detection
of Pestiviruses. The PCR product was sent for sequence analysis, and results were submitted
to GenBank Accession Number #OR425033, and designed as GERD/VSVRI/pesti-
Giraffe/2022. The virus was then successfully isolated and propagated in MDBK cells
through three successive blind passages. A distinct cytopathic effect (CPE) was observed 2—
3 days after an incubation period post-virus inoculation, characterized by vacuolation, cell
rounding, and cluster formation 72 hours after infection. PCR was carried out on each passage
and gave a specific band at the expected size. Further analysis through sequence alignment
and phylogenetic analysis revealed that the isolate is closely related to the Pestivirus giraffe,
especially Pestivirus PG-2. This marks the first record of detection, isolation, and
characterization of this strain in Egypt. Therefore, this epidemic was caused by a newly
introduced strain recorded in Egypt. So, the imported vaccines would not provide protection,
and the local vaccine need to be updated to include this Pestivirus strains.
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INTRODUCTION

The Genus Pestivirus, part of the
family Flaviviridae, affects a wide variety
of animal species causing devastating
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economic losses in livestock. This genus
includes border disease virus (BDV),
classical swine fever virus (CSFV), bovine
viral diarrhea virus-1 (BVDV-1), BVDV-2,
and several newly identified Pestivirus
species like antelope Pestivirus, atypical
porcine  Pestivirus  (APPV), giraffe
Pestivirus (Yuan et al., 2022). Pestivirus
includes a wide variety of highly relevant
animal pathogens like bovine viral diarrhea
virus, which is divided into BVDV-1 and
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BVDV-2 and known as Pestivirus A and
Pestivirus B), first described in 2004
(Leveringhaus et al., 2022). Another newly
emerging virus is HoBi-like Pestiviruses
(HoBi-PeV), classified as a distinct species
(Pestivirus H), sharing some similarities
with BVDV-1 and BVDV -2.Additionally,
two distinct giraffe Pestiviruses (GPeV),
originating from Kenya and classified as
Pestivirus G, have emerged (Leveringhaus
et al.,, 2022). Taxonomy of the genus
Pestivirus has been revised, family
Flaviviridae, adding seven new species to
the original four. The species are now
named in a host-independent manner using
the Pestivirus X format. While virus isolates
retain their original names, species
designation have changed with BVDV-1,
BVDV-2, CSFV, and BDV now referred to
as Pestivirus A (original designation Bovine
viral diarrhea virus 1), Pestivirus B (Bovine
viral diarrhea virus 2), Pestivirus C
(Classical swine fever virus) and Pestivirus
D (Border disease virus), respectively. The
seven newly recognized Pestivirus species,

along with example isolates, include:
Pestivirus E  (pronghorn  Pestivirus),
Pestivirus F  (Bungowannah  virus),

Pestivirus G (giraffe Pestivirus), Pestivirus
H (HoBi-like Pestivirus), Pestivirus |
(Aydin-like Pestivirus), Pestivirus J (rat
Pestivirus), and Pestivirus K (atypical
porcine Pestivirus). Additionally, a bat-
derived virus and Pestiviruses from sheep
and goats, such as the Tunisian sheep
Pestiviruses, have been identified (Smith et
al., 2017).

Another classification of Pestiviruses
distinguishes between typical and atypical
species. The typical Pestiviruses include
four classical species: classical swine fever
virus, bovine viral diarrhea virus types 1
and 2, and border disease virus. Atypical
Pestiviruses  include  giraffe  virus,
pronghorn virus, and HoBi virus, along
with several novel identified species, such
as Bungowannah virus, bat Pestivirus,
Norway rat Pestivirus, atypical porcine
Pestivirus, and LINDA virus (Blome et al.,
2017). Until the early 1990s, only three
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species were recognized as classical
Pestiviruses: classical swine fever virus
(CSFV), bovine viral diarrhea virus
(BVDV), and border disease virus (BDV).
Bovine viral diarrhea virus was further
classified into types 1 and 2. Since then,
new putative Pestivirus species have been
identified through phylogenetic analysis,
with discoveries reported in chronological
order. These include HoBi (first isolated
from fetal bovine serum originating in
Brazil and later from samples in Southeast
Asia), giraffe Pestivirus (isolated from a
giraffe in Kenya’s Nanyuki District
suffering from mucosal disease-like
symptoms), pronghorn Pestivirus (isolated
from a blind pronghorn antelope in the
USA), and Bungowannah virus (isolated
during a pig outbreak in Australia that
caused stillbirths and neonatal deaths)
(Ridpath et al., 2015). Both classical and
emerging Pestiviruses infect domestic and
wildlife  hosts, showing changes in
virulence, which has prompted the need to
update disease control programs for both
domestic and wild populations (Ridpath et
al., 2015).

A novel method for genotyping Pestivirus
RNA is based on bioinformatics modeling
of palindromic nucleotide substitutions
(PNS) in the 5" untranslated region (UTR).
This approach is simple, sensitive, and
practical, utilizing software specifically
designed for PNS genotyping. The method
has been validated through the analysis of
over 500 sequences in the 5" UTR of
Pestivirus (Giangaspero et al., 2023;
Ridpath et al., 2015). The first isolation of a
newly emerging HoBi-like Pestivirus
(BVD-3) in Egypt was recorded between
2019 and 2020. Sequence analysis and
comparison with other sequences submitted
to GenBank, along with phylogenetic
analysis, indicate the presence of an
atypical Pestivirus circulating in the
Egyptian field. This strain may serve as a
candidate for vaccine updates (Afify et al.,
2022).
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Full genome sequence analysis carried out
in Egypt in 2014 and characterized a strain
of bovine viral diarrhea virus-1b (BVDV-
1b), designated as strain Egy/Ismailia/2014.
This analysis contributes to understanding
the  epidemiological situation of
Pestiviruses circulating in Egypt (Soltan et
al., 2015).

Pestiviruses can be transmitted through
small ruminants and may play a significant
role in the transmission of viruses among
cattle and buffaloes. Sequence analysis of
the 5-UTR region from samples isolated
from two goat Kkids identified BVDV-1b,
marking the first isolation in Egypt and the
second report worldwide (Abdel-Latif et
al., 2013). Pestiviruses exhibit diverse
mechanisms of cell entry, which have been
investigated through the role of bovine
complement regulatory protein 46 (CD46).
Research using bovine CD46-knockout and
CD46-rescue cell lines showed that CD46 is
the major entry factor for HoBi-like
Pestiviruses, but not for giraffe Pestivirus.
This mechanism was observed in BVDV-1
and BVDV-2 as well (Leveringhaus et al.,
2022).

Dromedary camels, goats, and sheep have
been identified as potential risk factors for
the transmission of BVDV and Pestiviruses
in general, causing varying symptoms
across different populations and serving as
sources of infection for cattle (Kandeel et
al., 2022). Additionally, Pestiviruses and
Rift Valley fever virus are considered
transboundary diseases. One significant risk
factor for their transmission is the unofficial
smuggling of camels from Sudan to Egypt.
To prevent the spread of these diseases,
which could lead to catastrophic economic
losses in Egypt, strict quarantine measures
must be enforced (EIl Bahgy et al., 2018).

It has also been reported that bovine viral
diarrhea virus (BVDV) can be found in the
semen of infertile camels, potentially
contributing to camel infertility (Al-
Busadah et al., 2017). In China, HoBi-like
Pestiviruses in sheep and goats may pose a
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risk for transmission to cattle populations,
as these small ruminants show evidence of

natural  infections  with  HoBi-like
Pestiviruses. This was supported by
sequence analysis of partial 5-UTR

nucleotides of Pestivirus (Shi et al., 2016).

Bovine viral diarrhea virus (BVDV) was
identified in  dromedary she-camels
experiencing repeated conception failures
or abortions in Al Ahsa Province, Kingdom
of Saudi Arabia (KSA), between 2013 and
2015. Uterine swabs were tested by PCR for
various potential pathogens, revealing that
BVDV is a significant contributor to
reproductive disorders, particularly uterine
infections and abortions, commonly
observed in dromedary camels in KSA
(Khalafalla et al., 2017).

Bovine viral diarrhea virus (BVDV) is
always associated with secondary bacterial
infection  resulting  from immune
dysfunction, as it suppresses neutrophil
activity  through  down-regulation  of
neutrophil L-selectin and CD18
(Abdelsalam et al., 2023). BVDV may also
lead to early embryonic deaths, stillbirth,
and the birth of persistently infected
offspring (Garoussi et al., 2019).

Immune evasion is a critical strategy
employed by BVDV to hijack the host
immune system. BVDV-E2 is particularly
significant in this process, playing a crucial
role in pathogenesis and viral infection, (Al-
Kubati et al., 2021).

A HoBi-like Pestivirus was first detected in
Germany in 2004 in fetal bovine serum
exported from Brazil. This virus had
previously been identified in 1990 in
buffaloes of Brazilian origin. The clinical
manifestations of the disease included
reproductive and respiratory symptoms,
followed by mucosal disease symptoms
(Cruz et al., 2018).

Recently, new candidate Pestiviruses have
been identified to expand the growing tree
of Pestiviruses, particularly those related to
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atypical Pestiviruses such as giraffe virus,
pronghorn  virus, and HoBi virus.
Additionally, a series of novel Pestiviruses
characterized through metagenomics and
next-generation sequencing include
Bungowannah  virus, bat Pestivirus,
Norway rat Pestivirus, atypical porcine
Pestivirus, and LINDA virus (Blome et al.,
2017).

Aim of work:

Trials for isolation, identification and
molecular characterization of microbial
agent causing either abortion or diarrhea in
dairy farm in Egypt.

MATERIALS AND METHODS

* Samples were collected from 13 affected
cows exhibiting the enzootic form of
abortion, characterized by continuous
excessive  mucous discharge. Blood
samples were drawn from all 13 cows to
separate the serum; the blood samples were
placed in clean, dry centrifuge tubes,
allowed to clot, and then centrifuged at
1500 x g for 20 minutes. The serum was
collected and stored at —20 °C until further
testing  (Weinstock et al., 2001).
Additionally, five vaginal discharge
samples were collected from animals with
severe excessive discharge, and another
five fecal samples were taken from cows
showing persistent diarrhea. All samples
were stored at —80 °C. The samples
collected from the aborted cows were
screened for potential microbial causes of
abortion, including viral and bacterial
pathogens such as Rift Valley fever virus
and possible Brucella species (including B.
abortus strain 19 and RB 51), as well as
other causes of persistent diarrhea, such as
Bovine Rota Virus and Bovine Corona
Virus. The selected primers, target
sequences, and cycling conditions are
detailed in Table 1.

* Fecal samples were collected and stored
at -80 °C until needed. Each sample was
mixed thoroughly with 3 mL of feces and 7
mL of sterile PBS. The mixture was then
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clarified by centrifugation at 2500 rpm for
30 minutes. The clarified supernatant was
filtered through a 0.45 pm membrane
(Sigma) and stored at —80 °C until further
use.

* DNA extraction was performed using the
Gene JET Viral DNA/RNA Purification Kit
(Catalog number: KO0821) following the
manufacturer's instructions. This process
aimed to detect viral RNA and bacterial
DNA, particularly from Brucella species,
which are known to cause epidemic forms
of abortion in cattle.

* The PureLink™ Viral RNA/DNA Mini
Kit (Thermo Fisher, USA) was utilized to
extract viral RNA from field samples,
including serum, vaginal discharge, and
fecal matter. Fecal samples are particularly
challenging for nucleic acid extraction and
amplification due to the presence of PCR
inhibitors that can lead to false-negative
results. Following the manufacturer’s
instructions, 200 pL of clarified supernatant
from virus-infected tissue culture cells was
added to 25 pL of proteinase K in a sterile
microcentrifuge tube. Then, 200 pL of lysis
buffer containing 5.6 pg of carrier RNA was
added, and the mixture was incubated at 56
°C for 15 minutes. To precipitate the
nucleic acid, 250 pL of absolute molecular
biology grade ethanol was added to the tube
and mixed by vortexing for 10 seconds,
followed by incubation at room temperature
for 5-10 minutes. The lysate was then
transferred to a viral spin column and
centrifuged for 1 minute at 6800 x g.
Afterward, the spin column was washed
twice with washing buffer (WII) before the
captured nucleic acid was eluted using 50
uL of RNase-free water. The eluted nucleic
acid was stored at -80 °C.

* The primers used in this study were
designed and selected by the staff members
of the Genetic Engineering Research
Department at the Veterinary Serum and
Vaccine Research Institute for the routine
diagnosis of these organisms. These
primers were synthesized at a scale of 0.5
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nm by Thermo Fisher, as listed in Table 1.
The cycling conditions are also provided,
with 0.5 pug of DNA or RNA used for the
initial detection of potential bacterial or
viral causative agents in the samples.

*PCR

RT-PCR was conducted following RNA
extraction, during which complementary
DNA (cDNA) was synthesized using
Superscript 11l reverse transcriptase
(Thermo Fisher Scientific, Cat Number
#K1621) according to the manufacturer's
instructions. Primers 324-326, positioned at
108-395, were utilized, targeting a size of
288 bp. The forward primer sequence is
ATGCCCW (A, T)
TAGTAGGACTAGCA, while the reverse
primer 5
TCAACTCCATGTGCCATGTAC (Baxi
et al., 2006).

In brief, approximately 450 ng of total RNA
and about 50 ng of primers were mixed with
the annealing buffer and incubated at 65°C
for 5 minutes before being placed on ice for
1 minute. Next, 10 pL of 2x First-strand
reaction mix and 2 pulL. of Superscript III
were added, followed by incubation at 25°C
for 5 minutes, then at 50°C for 50 minutes,
and finally at 85°C for 5 minutes. The PCR
conditions were as follows: an initial
denaturation at 94°C for 5 minutes,
followed by 35 cycles of denaturation at
94°C, annealing at 50°C, and extension at
72°C, each for 30 seconds, with a final
extension at 72°C for 10 minutes. b- PCR
was performed using 5 ng of the extracted
DNA to implement the Bruce ladder
techniqgue  with  multiplex  primers,
following the cycling conditions outlined in
Table 1. This method was utilized to detect
potential causes of abortion associated with
Brucella species (Lopez-Gofii et al., 2008).

° Median Derby Bovine Kidney
(MDBK) cell cultures were utilized for the
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primary isolation and adaptation of the
virus obtained from a positive PCR sample.
The isolation and propagation of the BVD
isolate on the MDBK cell line were
conducted according to the method
described by Darweesh et al. (2018). The
virus isolates were propagated through
three blind serial passages on MDBK cell
cultures. Distinct cytopathic effects (CPE)
were observed in cell monolayers infected
with BVD following an incubation period
of 2-3 days post-inoculation. These effects
included vacuolation, cell rounding, and the
formation of cell clusters by 72 hours post-
infection. By the fifth day post-inoculation,
complete detachment of the cell sheet was
noted (Fig. 1).

*Gel purification

The PCR product was then loaded onto a
1% low melting agarose, and the correct
amplicon size was sliced and purified using
Quiaquick Gel Extraction Kit (cat No
#.28704) according to the manufacturer
instructions.

*Sequencing

After amplifying the target fragment, the
entire volume of the amplified PCR product
was subjected to electrophoresis on a 1%
agarose gel. The DNA concentration was
measured using a Qubit 4 fluorometer along
with a DNA High Sensitivity (HS)
Quantification  Kit (Thermo  Fisher
Scientific, USA). For sequencing, the
purified sample was sent to GATC Biotech
AG (Germany). Nucleotide sequences were
retrieved from the NCBI database and
aligned with the 5 UTR region segment
sequences from GenBank and other
Pestivirus families using the nucleotide
Basic Local Alignment Search Tool
(BLASTN). Sequence homology, identity
percentage, and phylogenetic analysis were
conducted using the MEGA-X software
package.
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Denaturing at 95 °C temperature for 4 min, then Glycosyltran
35 cycles at 94 °C for45s,45s at 60 °C, 60 s at 72 °C sferase,
BMEI0998f ATC CTA TTG CCC CGA TAA GG then 72 °C for 7 min for final extension. gene whoA
B. abortus strain 19
and RB 51 BMEIO997r GCT TCG CAT TTT CAC TGT AGC 1682 bp
BMEIIO843f TTT ACA CAG GCAATCCAG CA (L6pez-Goiii et Outer
al., 2008) membrane
B. abortus protein,
BMEIIO844r GCG TCC AGT TGT TGTTGA TG 1071 bp gene omp31
BMEI0428f GCC GCT ATT ATG TGG ACT GG Erythritol
B. abortus S19 catabolism,
BMEII0428r AAT GAC TTC ACG GTC GTT CG 587 bp gene eryC
Primer name ATGCCCW(A,T)TAGTAGGACTA ¢DNA synthesis carried out at 50°C for 50 min and | (Monteiro et 5' (UTR) of
324-326 GCA 85°C for Smin then followed by PCR condition as | 5] 20 19) Pestivirus
follows 94°C for 5 min, 35 cycles of 94°C, 50°C), and
72°C, 30s each, with a final extension at 72°C for
10 min
TCAACTCCATGTGCCATGTAC 288 bp
cDNA synthesis carried out at 50°C for 50 min and M segment
85°C for 5min then followed by PCR condition as
follows 40 cycles of 94°C for 15 seconds, annealing
745 bp at55°C for 30 ds, and 1 of lified
RVF-Forl {597- fragment at 68°C for 30 seconds; one cycle for final
617) GTCTTGCTTGAAAAGGGAAAA extension at 68°C for 5 minutes
RVF-REVE {Shoemaker et
(1326-1342) CCTGACCCATTAGCATG al., 2002)
cDNA synthesis carried out at 50°C for 50 min and N gene
85°C for 5min then followed by PCR condition as
236 bp follow 1 cycle at 95 °C for 5 minutes; followed by 35
cycles at 94 °C for 30 s, 58 °C for 30's, and 72 °C for 30 | (Takiuchi, Stipp,
F TGGATCAAGATTAGAGTTGGC s; and then a final cycle at 72 °C for 7 min Alfieri, & Alfieri,
R CCTTGTCCATTCTTCTGACC 2006)
F ATGTATGGTATTGAATATACCAC PCR condition as follow 1 cycle at 95 °C for 5 minutes; VP7 gene
884 bp followed by 35 cycles at 94 °C for 30's, 52 °C for 60 s,
and 72 °C for 30 s; and then a final cycle at 72 °C for
7 min (Simmonds et
R AACTTGCCACCATTTTTTCC al., 2008)

Table (1) showing the Oligonucleotides used in the PCR assays for detection of both possible viral and bacterial causes of abortion in cattle

used in this study.

RESULTS

All samples utilized in this study, including
serum, fecal, and vaginal discharge samples,
underwent a panel of screening primers to
detect potential microbial causes of the
enzootic abortion or diarrhea observed on the
farm. Initially, the Bruce ladder multiplexing
system was employed to identify possible
Brucella species associated with abortion in
cattle; however, all samples tested negative,
indicating that Brucellosis was not
responsible for the abortions. Following this,
viral causes were investigated, including the
Rift Valley Fever Virus (RVFV), using
specific conserved primers aimed at detecting
various strains of RVFV. Unfortunately,
these tests also yielded negative results. Next,
primers specific for Bovine Rota Virus
(BRV) and Bovine Corona Virus (BCV) were
used to identify potential causes of persistent
diarrhea in both young calves and adult cattle,
but again, the results were negative. Finally,
attention shifted to Bovine Viral Diarrhea
Virus (BVDV), known to cause both abortion
and diarrhea. Primers flanking the 5' UTR
were utilized for the detection of a broad

range of Pestivirus species, based on the
identification of palindromic nucleotide
substitutions in the 5' untranslated region
(PNS).

Out of the 23 tested samples, only one sample
from the vaginal discharge returned a positive
result in the RT-PCR, matching the expected
size of 288 bp, as illustrated in Figure 2. This
positive PCR product was subsequently gel-
purified and submitted for sequence analysis.
The sequenced product was then deposited in
GenBank, assigned the accession number
GERD/VSVRI/pesti-Giraffe/2022

(#OR425033). A BLAST analysis was
performed in GenBank to evaluate the
differences and similarities with other
Pestiviruses, particularly those isolated in
Egypt. Multiple sequence alignment,
presented in Figures 3, 4, and 6, revealed that
the local isolate is closely related to Pestivirus
Giraffe, specifically Pestivirus Giraffe-2
(PG2). This represents the first record of this
group of atypical Pestiviruses detected in
Egypt, as it has not been previously recorded
in the region.

471




Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 70 No. 183 October 2024, 466-479

Phylogenetic analysis of the 5" UTR was
conducted using the maximum likelihood
method with bootstrap probabilities from
1,000 replicate trials, rooted with sequences
from different genotypes (see Figure 5). The
analysis  showed that the isolate
GERD/VSVRI/pesti-Giraffe/2022

(#OR425033) clusters in a distinct group that
includes all Pestivirus Giraffe variants, as
illustrated in Figure 7. Furthermore, it

exhibited the highest identity percentages of
85.185% and 84.848% with JQ994202 and
KJ660072, respectively, as detailed in the
identity matrix in Table 2.

Virus isolation and propagation were
conducted using MDBK cell cultures. The
positive sample was utilized for virus
isolation on the MDBK cell line, as depicted
in Figure 1. The virus isolates underwent
three blind serial passages on MDBK cell
cultures. Distinct cytopathic effects (CPE) in
the cell monolayers infected by BVD were
observed after an incubation period of 2-3
days post-inoculation, characterized by
vacuolation, rounding of cells, and the
formation of cell clusters 72 hours post-
infection. Complete detachment of the cell
sheet was noted by the fifth day post-
inoculation (Fig. 1).
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Figure. (1): Showing normal MDBK cells (A), Infected MDBK cells 72hr post inoculation
showing vacculation and cluster formation cells (B) and Infected MDBK cells 5th
day post inoculation showing cells rounding and sheet detached (C)

RT-PCR

Figure (2): PCR showing PCR amplification of the isolated virus strains showing clear band at 289 bp
where M (100 bp DNA ladder) lane one isolated virus strain GERD/VSVRI/pesti-Giraffe/2022
lane two the tissue culture adapted isolate after three blind serial passages on MDBK cell cultures.
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Figure (3): Schematic representation of the nucleotide sequence alignment of 5° UTR of the
local isolate GERD/VSVRI/pesti-Giraffe/2022 Accession Number #OR425033
which is marked with orange arrows and rectangles and other PestiGiraffe strains
marked by red rectangles and other Pestiviruses from base 1 to base 140 of the
sequenced part of the 5°UTR.

240 250 260

Consensus C e c % 274
CR425033 2 : A 2 CTCTGC TETACATGG MSIECGAGTT Gm‘zas

Hosfe: I 2 2 AARACTCTGC TGTACAT
8871953 ARANCICTGC TGTACAT
arselssT [Eeresesdlic ©35A GTACRGCCTG ATAGGGTGIT GLAGAGACCC ARRACICTGC T
AF461998  BCCEOEGHIC CGCA GTACAGCCTG ATAGGETGTT GCAGAGACCC A
AYIS954L EGCGRGH oca BIRCRGCCTG ATAGGGTGIT GLAGAGACCC
DQ89TEdL TIGGGA GTACAGCCTG ATAGGSTEIT GrAcacccl ENNENSEEEN WNNSWRRSMN NUSGUNN SUSNNNNNN SUSSSSSNS S 195
EF368632 ©35h GIACRGCCTG ATAGGGTGIT GLAGAGACCC
EF325633 coch JTACRGCCTG ATAGGETGTT GCAGAGACCC
0224238 CRGCCTG RTAGGGTGRT GCAGASECCC
0224238 CAGCCTG ATAGGETGET GCAGAGECCT
0716133 ACRGCCTG RTAGGETGIT GCAGAGRCCC
EU71€147 ACAGCCTG ATAGGGTGTT GCAGAGRCCC
FI232¢92
FRE73797 AGCGGGGGCC GCTTGGGTGA ARGAGGGTCA TTATGERTGE CTCTTTGGGA GTACRGCCTG ATAGGETET T GUAGAGAC Y e s E it S 196
FRE73798 CICTTTGEGA GTACAGCCTG ATAGGSTETT Geacachecy HESEEuuS RN NN B e, 't 195
BMISI36L  AGCGEGRECC GCTTGGGTGR AAGAGGETCA BIATGRNTGE CICTTIGGGA GTACAGCCTG ATAGGETEIT GCAGAGACG
HQ231763  AGCGGGGGCC GCTTGGGIGA ARGAGGGTCA TTATGRRTGG CICTITGGGA GTACAGCCTG ATAGGGIGIT GCAGAACERY
HQ403054  AGCGEGGGCC GCTTGGGTEA ARGAGGETCA TTAT
HQA03055  AGCGGGGGCC GCTTGGGIGA ARGAGGETCA TTATH A 223
HQ403056  AGCGRGGGCC GCTTGGGTIA ARGAGGETCA TTATMSRTGE CICTITGGGA GTACAGCCTG ATAGGGTGIT GCAGAGACC

[H GETTGGETGR AN A Tl cracieecTe atacesTer] Geacacacce
KC297708  AGC GCTIGGETER AAGAGSETCA TTATORMIGE CICTTIGEEA GTACAGCCTS ATAGSSTGIT GCAGAGACH
KC465398
KC465398  ABCGEESECC GCTTEGCTR ARGAGGETCA TTATSTGE CICITIGEGA GTACAGCCTG ATAGGETEIT GCAGAGACC
EBcoccoaic cfrrcesTon anciammcs B Tl cracfoecTs ATacesTeT] Geacacacce

KY091654 AGCGGGEGECC GCTTGEGTGR AAGAGGGTCA TTAIRERTGG CICTTIGGGA GTACAGCCIG ATAGGGIGIT GCAGAGACO

TGHGA CAGCCTG ATA TH GCAGAGACK

CRGCCTG AT H GCAGAGRCCH &
BGGA GTACAGCCTG ATAGGGTGTT GCAGAGRCCC A
GGG GTRCRGCCTG RTAGGGIGTT GCAGAGRCCC

ARARCTCTGC TGTACATGGC ACRTGGAGTT GRSS
L ARRRCTCTGC IGTACATGGC ACRIGGRGIT GRgg

261

local isolate GERD/VSVRI/pesti-Giraffe/2022 Accession Number #OR425033
which is marked with orange arrows and rectangles and other PestiGiraffe strains

Flgure (4) Schematic representatlon of the nucleotlde sequence alignment of 5° UTR of the
marked by red rectangles and other Pestiviruses from base 141 to base 274 of the
sequenced part of the 5’UTR
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Table (2): Showing the sequence identity percent based on the maximum like hood method of
5" UTR of the local isolate GERD/VSVRI/pesti-Giraffe/2022 Accession Number
#OR425033 and the rest Pestiviruses deposited on genbank, where the Accession
Number where it is marked by Red rectangles and that one marked by Green
rectangle is that one Related to pesti-Giraffe 2 (PG2) KJ660072 and JQ99202 that
shown the highest Identity percent between 83.209 % and 85.185 % respectively.

U80907 , Pestivitus strain Giraffe-1 Npro mRNA, partial cds.
ABOAO131 Giraffe H138 genomic RNA, 5' untransiated region

NC_003678 . Pestivirus giratie_1 H138 complete gencme
[ OR425033 . Pestvirus Girafle-2 isolate GERDIVSVRIPest-Giralie/2022 & UTR
I L Joses202. Pestiius PG-25 UTR

MH284527 , Bovine viral Giarhea virus 2 isolate 10-636 bramifc 5 UTR

MGE73223 . Bovine viral diarrhea virus 1 strain TR-Erz-Psté 5 UTR; and pelyprotein gene, partial cds
MGE73222 . Bovine viral diarrhea virus 1 strain TR-Erz-Pst? § UTR: and polyprotein gene, partial cds
MGS73228 | Bovine viral diarrhea virus 1 strain TR-Erz-Pst13 5 UTR; and polyprotein gene, partial cds

MG913797 , Bovine viral diarrhea virus 1 strain TR-Erz-BVS 5' UTR
MGS73227 | Bovine viral diarrhea virus 1 strain TR-Erz-Pst12 5" UTR; and polyprotein gene, partial cds
MHS07982 . Bovine viral diarrhea virus 1K isolate GH7360 5' UTR
LR822735 , Pestivirus A partial S'UTR region, genotype BVDV1a, strain MRI4S8S5
LR822477 , Pestivirus A partial S'UTR region, genotype BWDV1a, strain MRI4635
LR822536 , Pestivirus A partial S'UTR region, genotype BWDV1a, strain MRIA718
AY159541 . Bovine viral diarhea virus 2343/01 5 untransiated region, partial sequence
MHSD1014 . Bovine viral diarrhea virus 1b isolate CH0392 5' UTR

LT903462 , Bovine viral diarrhea virus partial SUTR region, genotype BVDV1b, strain MRI4653
LTS03459 , Bovine viral diarrhea virus partial 5'UTR region, genotype BVDVb, strain MRI4648

LTS03460 . Bovine viral diarrhea virus partial 5'UTR region, genctype BVDV1D, strain MRI4649

MHSD5191 . Bovine viral diarrhea virus 1h isolats CH4569 5' UTR

MHS05743 , Bovine viral diarrhea virus 1h isolate CH5121 5' UTR

MHS05401 , Bovine viral diarthea virus 1h isolate CHA779 5 UTR

Z79764 . Bovine viral diarhea virus RNA, 5 untransiated region (isolate S9609A)

Z79752 . Bovine viral diarmea virus RNA, 5 untranslated region (isolate CS9598A)

MHSD4859 . Bovine viral diarrhea virus 1h isolats CHA267 5' UTR

KYOS1656 , Bovine viral diarrhea virus 3 isolate Hobi-like virus SA2016/10 polyprotein gene, partial cds
— KY683847 , Bovine viral diarthea virus 3 strain SW757/15, complete genome

L—— FJ232692 . Bovine viral diarrhea virus 3 SVA/cont-08 §' UTR

HM151367 . Bovine viral diarrhea virus 3 strain IZSPLV_To §' UTR: and polyprotein gene, partial cds
KG544256 , Bovine viral diarrhea virus 3 strain LPV-WR/BR11 5 UTR

JNTD3311, Bovine viral diarhea virus 3 isolate Italy-280/11-A 5' UTR

NC_012812 ., Bovine viral diarrhea virus 3 Th/04_KhonKaen, complete genome

KX011411 . Bovine viral diarfhea virus 3 strain ltaly-558/14 & UTR: and polyprotein gene, partial cds
OP210314 . Bovine viral diarthea virus 3 strain XJ-BVDV-3. complete genome

KY0S1654 , Bovine viral diarrhea virus 3 isolate Hobi-like virus SA/2016/01 polyprotein gene, partial cds
MZ873105 , Bovine viral diarrhea virus 3 isolate Egypt-020-3ncp 5' UTR; and polyprotein gene, partial cds
MZ873106 , Bovine viral diarrhea virus 3 isolate Egypt-020-2ncp 5 UTR; and polyprotein gene, partial cds
MZ&73104 . Bovine viral diarrhea virus 3 isolate Egypt-020-1ncp § UTR: and polyprotein gene, partial cds
OP927798 . Pestivirus H strain LV_195/20AP §' UTR

©OPS27799 , Pestivirus H strain LV_242/20RR 5' UTR

KY081655 , Bovine viral diarrhea virus 3 isolate Hobilike virus SA2016/04 polyprotein gene, partial cds
KJ627179 , Bovine viral diarhea virus 3 isolate Naly-68/13ncp, complete genome

MGE48565 . Bovine viral diarrhea virus 3 strain TR-Elz-Pst4 5 UTR: and polyprotein gene, partial cds

Figure (5): Showing Phylogenetic analysis by maximum like hood method of 5° UTR of the
local isolate GERD/VSVRI/pesti-Giraffe/2022 Accession Number #0R425033
using bootstrap probabilities after 1,000 replicate trials and rooted with sequences of
different genotype and other isolates and strains around the world and In Egypt as
well
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Consensus GGAGTAGEEEAGGTCCTGAGETTOCT GGATGATE GAA GECET GAGTATACG GEAGTE GTCAATA GTTCAATAT GEA GAATA CGTET GEGTETTGATATGET GT GT G GAR GA GGGIAT GECTAL GGTATATETTA
Identiy T N . -
OR425033 (Pestivirus Giraffe-2 isolate GERD/VSVRI/pesti-Giraffe/2022 5'... WoGNENG- - CBSGTGGTGAGCTTCCTGGATGACCGAAGCCCTGAGTACAGGECAGT LETCAACAGTTCAACAGCBGAGT AGRBCIGCGTCTTGATATGCT GTGTGEACGAGGGCATGCCCACGGTACATCTTA
NC_003678 (Pestivirus giraffe-1 H138 complete genome) GGACTAGCCCAGGTGETGAGCTTCCT GGATGACCGAAGCCCTGAGTACAGGECAGT CGTCAACAGTTCAACACGCAGAATAGGTITGLGTCTTGATATGCTGTETGEACGAGGGCATGCCCACGTACATCTTA
K|660072 (Pestivirus PG-2, complete genome) GGACTAGCCRAGGTGGNGAGCTTCCT GGATGACCGAAGECCTGAGTACAGCAGT CGTCAACAGTTCAACBCGCAGGABAGGTCTGCGTCTTGATATGCTGTGTGGACGAGGGCATGCCCACGGTACATCTTA
Q994202 (Pestivirus PG-2 5 UTR) GGACTAGCCAGGTGGMGAGCTTCCTGGATGACCGAAGECCTGAGTACAGARCAGTCGTCAACAGTTCAACECGCAGGABAGGTCTGCGTCTTGATATGCTGTGTGGACGAGGGCATGCCCACGGTACATCTT
SUTR
ABD40131 (Pestivirus Giraffe H138 genomic RNA, 5' untranslated region)  GGACTAGCCCAGGTGGTGAGE TTCCT GGATGACCGAAGCCCTGAGTACAGGGLAGTLETCAACAGTTCAACACGCAAATAGGTIITGCGTCTTGATATGCTGTGTGEALGAGGGCATGCCCALGGTACATCTTA
SUTR
U80907 (Pestivirus strain Giraffe-1 Npro mRNA, partial cds) ACGGTACATCTTA
B
0 1 “SD 0 a i
Consensus RGO 656 TG AT Gl GAAR GTGEACITA -1 - AT GG A GUATA GECT GATAGGGY G GOA GAGABCEATIE GATAGGETAGTATARAAT ACTC GOT GTAGAT G GEATAT G GAGTY GHAKT
Identity L 3
OR425033 (Pestivirus Giraffe-2 isolate GERD/VSVRI/pesti-Giraffe/2022 5'... ABCHABCCGGCGTCCEMTEOGNGAAANTCCART ABRT TG ABABGCIAGTACAGCCTGATAGGGTGT TGCAGAGACCCABCTEATAGGC TAGTATAARAACTCTGCTGTACATG AT

NC 003678 (Pestivirus giraffe-1 H138 complete genome) CGGATHGGHGAAAGTCCABTA

K|660072 (Pestivirus PG-2, complete genome) | BT-  -BGG ACTGARAGTACBGCCTGATAG
SUTR
Q994202 (Pestivirus PG-2 5" UTR) NT- -BGG ACTGAMAGTACBGLC A
S'UTR
AB040131 (Pestivirus Giraffe H138 genomic RNA, 5" untranslated region)  ACCHABCCGGGEETCCEATHGGHGAAAGTCCABTA  TTGG ACTGGGAGTACAGCCTGATAGGGTGTTGCAGAGACCCAICTGA T BACTCT
5U
U80907 (Pestivirus strain Giraffe-1 Npro mRNA, partial cds) GCCMANCCGEGEGTCGGATHGGNGAAAGTCCABTA  TTGG ACTGGEAGTACAGCCTGATAGEGTGTTGCAGAGACCCARCTGATAGGCTAGTATAAAABACTCTGCTGTACATGECACATGGAGTTGA
5UTR Np...

Figure (6): Schematic representation of the nucleotide sequence alignment of 5° UTR of the
local isolate GERD/VSVRI/pesti-Giraffe/2022 Accession Number #0R425033 and
other Pestiviruses Giraffe strains isolates showing the main three hyper variable
regions (V1,V2 and V3) that used for Pestiviruses typing.

— JQ994202 Pestivirus PG-2 5 UTR

99
gg —— KJB60072 Pestivirus PG-2 complete genome
OR425033 Pestivirus Giraffe-2 isolate GERDMNSVRI pesti-Giraffe/2022 5 UTR
ABO40131 Pestivirus Giraffe H138 genomic RMNA 5 untranslated region
—— MNC 003678 Pestivirus giraffe-1 H138 complete genome
86

—— UB0807 Pestivirus strain Giraffe-1 Npro mRMNA partial cds

Figure (7): Phylogenetic analysis by maximum like hood method of 5 UTR of the local isolate
GERD/VSVRI/pesti-Giraffe/2022 Accession Number #OR425033 and other
Pestiviruses Giraffe strains isolates.

DISCUSSION exacerbated by the dynamic variations
resulting from the genetic diversity of the
virus. The best method for classifying and
differentiating between different Pestivirus
groups is based on palindromic nucleotide
substitutions in the 5'-untranslated region
(UTR), which occurs in three variable regions
within the 5 UTR: V1, V2, and V3
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The enzootic outbreak recorded on a dairy
farm in the Wadi EI Natron District caused
significant economic losses, primarily due to
a wave of abortions in pregnant heifers and
persistent diarrhea. These losses were
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(Giangaspero et al., 2011), as shown in
Figure 6. In Egypt, the most common
Pestivirus species are BVDV-1 and BVDV-2,
with BVDV 1la being the most common
subtype. Recently, however, BVDV 1b has
also been detected, having been isolated from
aborted goat fetuses, indicating that small
ruminants play a significant role in
transmitting Pestiviruses to cattle and buffalo
(Abdel-Latif et al., 2013). In 2022, the first
detection of HoBi-like Pestivirus (BVD-3)
was recorded, based on sequence analysis of
the 5' UTR (Afify et al., 2022), confirming
the presence of diverse types and subtypes of
Pestiviruses in Egypt. The current study
marks the first detection of the pesti-Giraffe
strain in Egypt, which caused a severe
enzootic outbreak on the affected farm.
Despite the farm animals being vaccinated
with imported vaccines containing only the
classical Pestivirus strains BVDV-1 and
BVDV-2, there was no cross-protection or

cross-neutralization against the newly
isolated strain GERD/VSVRI/pesti-
Giraffe/2022 (Accession Number

#OR425033). This strain is genetically and
antigenically distinct, segregating into a
completely different group from the classical
Pestivirus strains for which the animals were
vaccinated. The severity of the enzootic form
recorded in this farm underscores the
virulence of this new isolate compared to both
the classical forms and the recently isolated
HoBi-like Pestivirus (BVD-3) in Egypt.

Cross-species infection has been documented
in Pestiviruses, with viruses previously
isolated from wild animals such as deer and
giraffes shown to infect cattle, sheep, and
even swine, based on phylogenetic analysis
and palindromic nucleotide substitutions
(PNS) (Harasawa et al., 2000). It has been
demonstrated that the pesti-Giraffe virus is
not cross-neutralized, or only poorly
neutralized, by heterologous Pestivirus
antisera. Cross-neutralization studies using
homologous and heterologous antiserum to
assess the antigenic relatedness between
Pestivirus species confirm the genetic and
antigenic segregation of Pestivirus members
(Avalos-Ramirez et al., 2001; Dekker et al.,

1995; Paton et al., 1995; Pellerin et al., 1994).
Moreover, the entry mechanism of Pestivirus
G into bovine cells differs significantly from
other Pestiviruses, as demonstrated by studies
using CD46-knockout and CD46-rescue cell
lines (Leveringhaus et al., 2022).

These findings support the results of this
study, where a farm previously vaccinated
with an imported vaccine against classical
Pestivirus strains, namely BVDV-1 and
BVDV-2, experienced a severe enzootic
outbreak caused by the newly identified
isolate  GERD/VSVRI/pesti-Giraffe/2022.
The failure of the vaccine to protect against
this outbreak can be attributed to the absence
of cross-neutralizing antibodies between the
classical vaccine strains and the Pesti-Giraffe
virus. As Becher et al. (2003) noted, the
genetic and antigenic differences between the
classical strains and the pesti-Giraffe isolate
highlight the need for locally produced
vaccines incorporating the new strain to
ensure adequate protection.

Given that this is the first recorded case of this
Pestivirus type in Egypt, it is highly
recommended to include the new isolate in
locally prepared vaccines to protect against
the currently circulating strains. A periodic
field survey should also be conducted to
monitor the prevalence of different Pestivirus
types and ensure that vaccines remain up to
date. There is little to no cross-protection
between classical and newly emerging
Pestivirus strains, such as Pesti-Giraffe,
which cluster differently in the Pestivirus
family tree and are genetically and
antigenically distinct. Careful inspection of
imported animals is essential to prevent the
introduction of new viruses with potentially
catastrophic economic consequences, as
these Pestiviruses can be transmitted both
vertically and  horizontally  between
generations.

CONCLUSION
It is strongly recommended to conduct

periodic field surveys to detect the most
prevalent Pestivirus types. Establishing a
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national program for the detection and
protection against Pestiviruses is crucial due
to their significant economic impact. This
will help ensure that local vaccines are
updated to include newly isolated Pestivirus
strains, as there is little to no cross-protection
between classical and emerging Pestivirus
types, particularly the PestiGiraffe strains.
These strains cluster differently in the
Pestivirus family tree, exhibiting distinct
genetic and antigenic  characteristics.
Rigorous inspection of imported animals is
essential to prevent the introduction of newly
emerging viruses, which could have
devastating economic effects on local
livestock, as Pestiviruses are transmitted both

vertically  and horizontally ~ across
generations.
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