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Abstract: Ovine herpesvirus 2 (OvHV-2) causes malignant catarrhal fever (MCF), a
lymphoproliferative disease that is often fatal and economically important in cattle and
many other susceptible artiodactyls. However, its ability to cause cancer, and its
relationship to Epstein-Barr virus (EBV), the classic human tumour gammaherpesvirus, is still
unclear. In this study, we combined a critical review of the molecular biology of both viruses
with new findings from an Egyptian OvHV-2 isolate to test whether OvHV-2 shares the
tumour-forming architecture of EBV. Tongue-mucosa supernatant from a confirmed Egyptian
MCF case, previously characterised by complete glycoprotein B (gB) gene sequencing, was
examined by negative-staining transmission electron microscopy (TEM) and grown in specific
pathogen-free embryonated chicken eggs through the chorioallantoic membrane (CAM)
route. TEM showed morphology typical of Burkitt's lymphoma, and CAM growth produced
distinct tumours, indicating that OvHV-2 can transform cells even in a non-mammalian host.
The comparison showed broad homology between the two viruses, including conserved viral
BCL-2, interleukin-10 and BILF1 G-protein-coupled-receptor homologues. The OvHV-2 gB
sequence was 99-100% identical to reference genomes and remained stable after passage in
cell lines. These results suggest that OvHV-2 is the veterinary equivalent of EBV, with cross-
species and possibly zoonotic importance, and raise the possibility that the two are the
same virus. We recommend electron microscopy supported by gB sequencing as a rapid first-
line diagnostic, and urge screening of cell cultures and a wide range of hosts. For control,
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we propose OvHV-2 gB subunit vaccination and anti-gB camelid nanobody treatments, and
the removal of animal-origin additives from animal feed.

Keywords: Ovine herpesvirus 2, malignant catarrhal fever, Epstein-Barr virus, Burkitt's
lymphoma, glycoprotein B, electron microscopy, gammaherpesvirus, oncogenesis.

INTRODUCTION

OvHV-2 is economically important and is the most commonly recognised cause of MCF
worldwide. It can infect many organs and hosts, including more than 33 species and almost
every domestic sheep. This makes it a serious concern and makes reliable cross-species
detection an important goal, including detection within the cell-culture systems used for
different species (O'Toole&Li, 2014; Cunha et al., 2019; Bastawecy et al., 2025).

Ovine herpesvirus 2 (OvHV-2) is a gammaherpesvirus found in sheep flocks
worldwide, and it causes the lymphoproliferative disease malignant catarrhal fever (MCF)
(Hart et al., 2007). MCF affects several body systems. Its main features are lymphoid
hyperplasia together with widespread vascular, epithelial and mesothelial lesions that are,
in morphological terms, linked to lymphoid cells. At the histological and ultrastructural
level, many MCF lesions resemble those of lymphoreactive disorders, and signs often
grouped with the rheumatic diseases, such as synovitis or arthritis, are common
(Liggitt&DeMartini, 1980a). Chronic illness and recovery make up a large part of the clinical
picture. Even so, a recovered animal stays latently infected, and stress can trigger
recurrence (Russell et al., 2009). OvHV-2 outbreaks are favoured by heat stress, severe
weather, the co-grazing of cattle with sheep, and poor-quality feed. This is because
temperature extremes reduce pasture; and since green grass is richer in Omega 3 than
conserved forage, grazing animals are then left with too little feed and water and become
prone to dehydration and acidosis (Andriyanov et al., 2025). Epidemiological evidence also
suggests that omega-3 fatty acids protect against cardiovascular disease and
hyperlipidaemia (Siscovick et al., 2017).

Once disease is clinical, almost any organ can be involved. In cattle, skin lesions have
sometimes appeared with no other signs and may resolve without treatment (Bastawecy et
al., 2015; OToole&Li, 2014). The typical lesions are necrotising vasculitis, thrombosis, and
infiltration of tissue by dividing lymphocytes and macrophages (Liggitt&DeMartini, 1980a),
because in cattle and other ruminants the virus drives T-lymphocyte proliferation and
transformation (Baxter et al., 1993). Reported prevalence is very high, reaching 99% in adult
sheep tested by nested PCR and up to 100% in cattle (Li et al., 2011; Thonur et al., 2006;
Rosato et al., 2021). The disease occurs worldwide and has been recorded in more than 33
species, including cattle, bison, buffalo, deer, sheep, goats, swine, camelids, equines,
giraffes, guinea pigs, rabbits and hamsters (Russell et al., 2009; Loken et al., 1998;
OToole&lLi, 2014; Madrigal-Valencia et al., 2023; Bianchessi et al., 2024). Sheep and goats
were once thought to be symptomless carriers, but they show the same signs as other
susceptible hosts. Every sheep breed is thought to acquire OvHV-2, and newborn lambs, like
calves, are as susceptible to aerosol infection as adult animals (Taus et al., 2006). Incidence
may also depend on climatic conditions that affect how long the virus survives in the
environment, on vectors or fomites, on differences in stocking density, and on the level of
stress (Li et al., 2011). Reducing stress can therefore help prevent MCF in animals that are
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subclinically or only mildly affected (Russell et al., 2009). The virus has also been found in
ruminants kept in zoos and wildlife parks. Spread occurs mainly through direct contact with
nasal and ocular secretions, and aerosol exposure to the secretions of infected sheep is the
main route (Taus et al., 2006; OToole&Li, 2014). Transmission has also been described by
the airborne route, by vectors, through contaminated feed or water, and via the alimentary
and urogenital tracts, and the virus has been detected in the faeces, colostrum, milk and
semen of asymptomatic animals (Bastawecy, 2022). In susceptible hosts, latent infection
may progress to clinical disease even without any contact with sheep (OToole&Li, 2014).
The length of the incubation period depends on the size of the initial viral dose (Taus et al.,
2006), while morbidity ranges from single cases involving one or a few animals to large
outbreaks (Russell et al., 2009). The disease occurs throughout the year but rises during
lambing, when pregnancy-related immunosuppression in ewes allows latent OvHV-2 to
reactivate or permits new epithelial infection (Russell et al., 2009). A second peak occurs
when most of the lamb crop reaches 6-9 months of age; this reflects adolescence
(Bastawecy, 2022) and the hormonal stress that comes with it. Because the recognised forms
(peracute, head-and-eye, intestinal and mild) overlap greatly, and a single animal may show
mixed signs, some workers regard this division of the clinical picture of MCF as of limited
value. In the peracute form, some animals die before the typical signs appear, whereas
others follow a slower course and show some clinical signs.

Across susceptible species, MCF is marked by the build-up of lymphocytes and by
necrotic foci in many tissues. Its pathology therefore resembles that of certain autoimmune
disorders, in which disordered IL-15 expression, and in turn tumour necrosis factor-alpha,
keeps cytotoxic cells active. This suggests that large amounts of IL-15 are produced during
MCF and that, as long as IL-15 is present, cytotoxic cells stay active and add to the tissue
injury seen in the disease (Anderson et al., 2008). IL-15 promotes both the proliferation of
T lymphocytes and the persistence of their cytotoxic activity.

The pathogenesis of MCF results mainly either from direct virus-cell interactions or
from immune-mediated attack on infected cells (Simon et al., 2003), and almost no organ
is spared (O'Toole&Li, 2014). The presentation is wide-ranging, from mild cases with barely
noticeable signs to severe illness ending in multiple organ failure (Russell et al., 2009). An
affected animal may show any combination of the following: sudden, severe depression,
anorexia, agalactia and a high fever of 40-42 °C (a persistent fever, sometimes lasting
several weeks, that also fluctuates is characteristic of MCF), plus tachycardia of 100-120
beats per minute; nasal and ocular discharges that progress from serous through
mucopurulent to purulent; severe dyspnoea with stertor; a fragile mucosa that splits easily;
a slippery mouth and tongue; copious, ropey, bubbly salivation that hangs from the lips and
produces a smacking sound; erosive mucosa, whether local or diffuse; haemorrhagic cheek
papillae liable to erode; lymphoid hyperplasia; vasculitis; inflammation of the digestive
tract, especially the oral cavity; interdigital erosions; lameness; renal disease; focal
crustaceous dermatitis; skin necrosis; ulcerative vulvitis and balanitis; a swollen, reddened
vulva with fresh or ruptured vesicles; multifocal penile ulceration; profuse sweating;
alopecia; thickening; hyperkeratosis; focal skin ulceration; weight loss; apathy; adipsia; skin
rashes; synovitis, especially of the tibio-tarsal joint; a horn or hoof that may slough; and
skin of the teats, vulva and scrotum that in acute cases can slough when touched or become
covered with dry, tenacious scabs; trismus; lymph nodes that may be visible or enlarged;
faeces ranging from constipation to profuse, sometimes bloody, diarrhoea; haematuria;
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swollen limb joints; diphtheresis of the oral membranes; cystitis; recumbency;
opisthotonus; paddling; jaundice; and raised total bilirubin and AST. In the digestive tract
the lesions appear as ulcers, vesicles, plaques, pustules, erosions or tears. Other findings
include cutaneous hyperaemia and swelling, a subcutaneous mass, lump or nodule,
coughing, abortion, stillbirth, undersized offspring, fetal anomalies, reproductive failure,
an enlarged spleen and liver, gall-bladder enlargement, dehydration and emaciation. Ocular
changes include exophthalmos, photophobia, lacrimation, nystagmus, conjunctivitis,
blepharospasm, eyelid oedema, episcleral injection, keratitis, anterior uveitis,
mucopurulent ocular discharge, impaired vision, corneal opacity that can cause blindness,
corneal ulceration that may progress to perforation with iris prolapse, corneal melanosis,
hypopyon, a blue and/or opaque eye, blindness, and persistent bilateral leucomata.
Neurological signs include ataxia, tonic-clonic spasm, disorientation with head tremor,
muscular trembling, convulsions, weakness in a single leg, an uncoordinated gait, a
demented appearance, head-pushing, paralysis, a stiff-legged gait, circling, seizures,
unusual aggression towards people, rigidity of the neck and limbs, difficulty standing, hind-
limb paralysis, dehydration, acidosis, acute lymphoid panarteritis, arteriosclerosis, and
swollen limb joints (Russell et al., 2009; O'Toole&Li, 2014; Bastawecy, 2022; Headley et al.,
2023). The disease results from tissue self-destruction driven by cytotoxic lymphocytes that
MCF virus infection triggers, and cells cultured from OvHV-2-infected cattle usually have
the phenotype of T cells or natural killer cells (Anderson et al., 2008). Recovery was
accompanied by clearing of the acute lymphoid panarteritis typical of the acute phase and
by the appearance of widespread chronic obliterative arteriosclerosis, lesions found most
easily in the rete mirabile (O'Toole&Li, 2014). In some recovering animals, ulcerated and
exudative skin lesions appeared, which could develop hardened scabs linked to epidermal
necrosis and were often confined to the perineum, udder and teats (O'Toole&Li, 2014).
Under the microscope, the oral mucosa and oesophagus contain (sub)epithelial mononuclear
infiltrates in which lymphocytes and lymphoblasts outnumber a small number of
macrophages, the latter increasing as lesions worsen; also seen are phagocytosis of
degenerate epithelial cells, acantholysis, epithelial-cell necrosis, erythema multiforme-like
ulcerated skin lesions, transepidermal apoptosis with satellitosis, interface dermatitis,
folliculitis and dermal arteritis (O'Toole&Li, 2014). The bilateral leucomata arise partly from
focal loss of corneal endothelium following acute endothelialitis. The main feature in cattle
is a severe lymphocytic arteritis (and, to a lesser degree, phlebitis) in which the endothelium
is swollen and vacuolated and the tunica media undergoes necrosis (O'Toole&Li, 2014).
Cutaneous lesions show hydropic degeneration and microvesicle formation within the
epidermis, which give way to erosion with exudate over the epidermal surface, while
oedema and lymphoid inflammation mark the dermis beneath (Liggitt&DeMartini, 1980b).
Within the kidney, thrombi and degenerate arterioles produce infarcts (O'Toole&Li, 2014).

The post-mortem (PM) findings reflect how severe the clinical signs were. The PM
lesions include arteritis, perirenal haemorrhage with multiple renal infarcts, serous-to-
fibrinous effusion in some body cavities, vasculitis, thrombosis, lymphocytic infiltration of
tissues, enlarged and sometimes haemorrhagic lymph nodes, hepatomegaly and
splenomegaly, pulmonary and cerebral congestion, haemorrhagic cystitis, a dilated, filled
intestine, myocarditis, and haemorrhage in the parenchyma of both testicles (O'Toole&Li,
2014). The submandibular and mesenteric lymph nodes, the appendix and the spleen enlarge
first; lymphocytes then invade non-lymphoid tissue, and necrosis develops in lymphoid and
non-lymphoid tissue alike (O'Toole&Li, 2014). Histopathology reveals a pansystemic
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vasculitis with lymphocytic infiltration of both lymphoid and non-lymphoid organs (Zaki et
al., 2016; Liggitt&DeMartini, 1980a). Other PM lesions include a prominent, tortuous
arteritis with thickened walls, multifocal tiny white spots scattered through the liver and
kidney, ulcerative oesophagitis, pericarditis, severe lymphocytic myocarditis with cardiac
muscle necrosis, encephalitis, encephalomyelitis, clouding of the meninges, nephritis,
hepatitis with a liver that is sometimes friable, pneumonia or else pulmonary emphysema
or focal atelectasis, interstitial lymphocytic nephritis, and renal tubules that balloon amid
vascular degeneration (OToole et al., 2002; OToole&lLi, 2014). It also shows a
lymphohistiocytic vasculitis with fibrinoid necrosis of the vessel walls across several organs
(lymph nodes, liver, kidney, brain, retina and rete mirabile), along with lymphohistiocytic
meningitis, pericholangitis and multifocal ulcerative oesophagitis (Liggitt&DeMartini,
1980a). The most consistent and severe changes are inflammation and ulceration of the
digestive tract, especially the oral cavity, oesophagus, forestomachs, abomasum, caecum
and colon, while in haemorrhagic cystitis the urothelium lining the renal pelvis, ureter and
urethra is degenerate and/or sloughed (O'Toole et al., 2002). A typical, sometimes very
widespread, finding is the interstitial gathering of lymphoid cells in non-lymphoid organs,
especially the renal cortex and the outer regions of the liver, producing many raised white
foci, each 1-5 mm across; the deposition of immunoglobulin and complement within the
glomeruli points to an immune-mediated element (OToole&lLi, 2014). In rabbits with
experimentally induced MCF, the OvHV-2 structural proteins ORF25 (capsid) and ORF73
(tegument) were traced to the epithelial cells and M-cells of the appendix. This implies that
M-cells and the large-intestinal epithelium are important for viral replication and/or
pathogenesis (Meier-Trummer et al., 2009).

Glycoprotein B (gB), encoded by ORF8, is one of the most highly conserved
herpesvirus glycoproteins, and it takes part in viral entry and in cell-to-cell spread
(Bastawecy and Abd El-Samee, 2012; AlHajri et al., 2017). Its sequence has also been used
to measure phylogenetic relationships among herpesviruses, because it reliably predicts
these relationships when several conserved genes are examined (McGeoch et al., 1995).

Sequencing OvHV-2 is an essential first step towards understanding both the
pathogenesis and the treatment of MCF. The virus carries an ORF, Ov2.5, that encodes an
IL-10 homologue of the cellular IL-10 protein (Hart et al., 2007). This viral IL-10 behaves
much like the host protein: it drives mast-cell proliferation while suppressing the production
of inflammatory chemokines by macrophages (Jayawardane et al., 2008).

The virus also carries BCL-2 homologues, and protecting cells from apoptosis has
been linked to sustaining persistent B lymphocytosis (Russell et al., 2009). Its Ov4.5 ORF
encodes a protein resembling EBV BALF1 and cellular BCL-2 that limits apoptosis and so
controls cell death (Hart et al., 2007). In contrast, OvHV-2 also encodes pro-apoptotic
proteins, including the mitochondrion-targeting pOv8.25 (Shrestha et al., 2020).

Gammaherpesviruses encode receptors that cross the membrane seven times and are
similar in structure and function to those of the host (Lyngaa et al., 2010). These G protein-
coupled receptors are called seven-transmembrane receptors because they pass across the
cell membrane seven times (Trzaskowski et al., 2012). As integral membrane proteins,
GPCRs let cells convert signals from outside into responses within, and several herpesviruses
carry their own GPCRs to rewire host signalling for immune evasion and spread (de Munnik
et al., 2015). Ov5 is related to EBV BILF1, a GPCR that signals constitutively, independent
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of ligand, and reshapes intracellular signalling (Beisser et al., 2005; Paulsen et al., 2005);
so the Ov5 protein may perform a similar function in cells infected with OvHV-2 (Hart et al.,
2007).

MicroRNAs are short non-coding RNA molecules of 18-30 nt that act after
transcription to control gene expression (Lee et al., 1993; Bartel, 2004). Working with an
immortalised lymphoblastoid cell line linked to MCF, researchers found that OvHV-2 encodes
at least eight microRNAs directed at viral genes that govern latency (Riaz et al., 2014).

Two inocula were prepared: one was held at 37 °C for one hour with anti-OvHV-2
sheep serum, and the other with negative sheep serum as a control. Every sheep became
infected; however, judged by OvHV-2 DNA detection and seroconversion against the control,
the positive serum lowered the infectivity of the virus 1000-fold. Immune serum protected
the rabbits that received it, whereas the controls later developed MCF. This shows how
important antibody is for blocking entry of OvHV-2. In keeping with this, a vaccine based on
glycoprotein B protects against sheep-associated MCF (Cunha et al., 2022).

OvHV-2 resembles Epstein-Barr virus (EBV) in several ways. The lesions of MCF are
dominated by CD8+ T lymphocytes carrying OvHV-2 and closely resemble the
histopathological and ultrastructural features of lymphoreactive conditions (Simon et al.,
2003). At the molecular level, the two viruses share substantial genetic homology. Each
encodes viral B-cell lymphoma-2 (vBCL-2) proteins that mimic the host cellular BCL-2
proteins, and each carries genes for interleukin (IL)-10, for G-protein-coupled receptors and
for other proteins. In practice, PCR detection of OvHV-2 uses 238-bp nested primers
homologous to the EBV BNRF1 gene (Baxter et al., 1993). OvHV-2 open reading frame (ORF)
59 provides a main antigen comparable to the EBV antigen used in ELISA diagnosis of
nasopharyngeal carcinoma (Coulter&Reid, 2002). One sign of OvHV-2 infection is a rise in
IL-15 that triggers tumour necrosis factor-alpha production, which is central to the
activation of cytotoxic cells (Anderson et al., 2008). The OvHV-2 genome is about 131-135
kbp (Coulter&Reid, 2002), whereas the full EBV sequence is close to 172 kbp; however, once
the repeat regions are allowed for, the unique coding stretches of the two are of similar
length, because the EBV genome has terminal repeats at both ends as well as extra internal
repeats (Baer et al., 1984). In humans, EBV turns B lymphocytes into proliferating
lymphoblastoid cell lines that keep the viral DNA as a nuclear episome (Miinz, 2019). This
similarity raises the question of whether OvHV-2 might infect people and be mistaken for
EBV, or even whether both are a single virus known as OvHV-2 in veterinary medicine and
as EBV in human medicine.

EBV was the first herpesvirus shown to be linked to human cancers, and it infects
most of the world's population (El-Sharkawy et al., 2018; Damania et al., 2022). Its BHRF1
gene encodes a viral BCL-2 homologue that strongly blocks apoptosis and appears to escape
some of the controls that regulate the cellular equivalents (Bellows et al., 2002; Kvansakul
et al., 2010). Because the death of infected cells can limit viral output and spread, BHRF1,
a co-opted prosurvival gene, prevents apoptosis and is linked with cancer (Kvansakul et al.,
2010). As a major human pathogen, EBV is causally linked to a number of lymphomas and
carcinomas and spreads mainly through saliva and other body fluids (Damania et al., 2022;
Bastawecy, 2021). It was first detected in 1964 in a lymphoblastoid cell line derived from a
B-cell lymphoma (Epstein et al., 1964). The virus produces both a cytokine and a cytokine
receptor that can adjust the immune system so that infection persists. EBV BCRF1 encodes
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IL-10, a homologue of the host cytokine that supports the virus by suppressing gamma-
interferon synthesis (Cohen, 2000) and by promoting mast-cell proliferation (Jayawardane
et al., 2008). Its BARF1 gene encodes a novel soluble colony-stimulating factor-1 receptor
that acts as a decoy, neutralising CSF-1 and disrupting the differentiation and activation of
macrophages (Strockbine et al., 1998). In malignant tumours, host colony-stimulating factor
1 and its receptor are expressed and may promote tumour growth, migration and invasion
(Cannarile et al., 2017). The BCRF1 and BARF1 proteins therefore help EBV escape the
immune response, whether during acute infection or upon reactivation in latently infected
cells (Cohen, 2000). EBV also carries a G-protein-coupled receptor called BILF1 that is
essential to the immunosuppression and oncogenesis it drives (Tsutsumi et al., 2021).

This retrospective study of malignant catarrhal fever (MCF) caused by ovine
herpesvirus 2 (OvHV-2) examines whether the virus can induce Burkitt's lymphoma and other
tumours in susceptible species, and the close similarity between OvHV-2 and EBV. It also
considers the susceptibility of avian species. OvHV-2 was recovered in SPF-ECE through both
the yolk-sac and the chorioallantoic membrane routes, which produced a range of effects
on the embryos, including fetal anomalies, laceration and stunted growth.

MATERIAL AND METHODS

The tongue-mucosa supernatant used earlier by Bastawecy and Abd El-Samee (2012) to
extract viral DNA and to sequence glycoprotein B, together with the isolate obtained from
it, was processed by Macrogen (South Korea). Glycoprotein B (gB) is one of the most strongly
conserved herpesvirus glycoproteins. This paper reports the full gB gene sequence of the
OvHV-2 isolated and confirmed in Egypt (2012), so that it can serve as a reference and guide
for molecular genetic research, for comparing herpesviruses, and for designing accurate
primers for polymerase chain reactions (PCRs). For this study, the tongue-mucosa
supernatant underwent:

1. Transmission electron microscopy (TEM), performed as described by Bastawecy and
Abd El-Samee (2012).

2. lIsolation in 10 days old SPF-ECE by the CAM route, carried out as described by
Bastawecy (2022), over an isolation period of more than 7 days.

RESULTS

When the sequences were submitted to GenBank, the output was: a nucleotide sequence of
17,800 letters; molecule type, nucleic acid; and query length, 17,800. Alighment was done
using the greedy algorithm of Zhang, Schwartz, Wagner and Miller (2000).

e Figures 1-5: graphic summaries of the sequence alignments for the submitted
sequences.

e TEM results: examination of the tongue-mucosa supernatant showed Burkitt's
lymphoma (Figure 6).

¢ |solation results: after the tongue-mucosa supernatant was grown in SPF-ECE by the
CAM route, tumours were seen in the CAM (Figure 7a and b) on day 9 of isolation.
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Figure (1): BLAST graphic summary of the OvHV-2 gB gene query (17,800 bp) against
the GenBank nucleotide database; two red bars (score = 200) mark full-length matches
to reference OvHV-2 genomes.

Figure (2): Pairwise alignment of the OvHV-2 gB query with the OvHV-2 complete
genome (DQ198083.1): 100% identity (17,800/17,800 bp; 0 gaps; E = 0.0).

1) E Ovine herpesvirus 2 strain BJ1035, complete genome

gb|AYB398756.

Length=135135
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Score = 3.212e+04 bits (17393), Expect = 0.0
Identities = 17676/17812 (99%), Gaps = 33/17812 (0%)
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Figure (3): Pairwise alignment with OvHV-2 strain BJ1035 (AY839756.1): 99% identity
(17,676/17,812 bp; 33 gaps; E = 0.0).

> gb|JN133502,1| E Bovine herpesvirus 4 strain V.test long unique region, complete

Score = 58,4 bits (31), Expect = 0.002

Identities = 31/31 (100%), Gaps = 0/31 (0%)

Figure (4): Pairwise alignment with bovine herpesvirus 4 strain V.test (JN133502.1):
only a 31-bp match (E = 0.002), i.e. negligible homology.

gb|AF318573.1|AF318573 I:l Bovine herpesvirus 4 long unique region, complete sequence
Length=108873

Score = 58.4 bits (31), Expect = 0.002
Identities = 31/31 (100%), Gaps = 0/31 (0%)
Strand=Plus/Plus

Figure (5): Pairwise alignment with bovine herpesvirus 4 (AF318573.1): only a 31-bp
match (E = 0.002), confirming extremely low similarity to BoHV-4.
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Figure (6): TEM reveals Burkitt's lymphoma in supernatant of the tongue mucosa.

Figure (7 a and b): CAM reveals tumors on day 9 of isolation as detected in a and b.

DISCUSSION

EBV is a major human oncogenic virus. It was the first oncogenic virus recognised in humans
and adds greatly to the worldwide burden of infection-related cancers (de Martel et al.,
2020; Damania et al., 2022). Once infection is established, it is never eliminated (Babcock
et al., 1998), and EBV was the first human virus linked to lymphoid and epithelial
oncogenesis, including Burkitt's lymphoma, Hodgkin's disease, gastric adenocarcinoma and
nasopharyngeal carcinoma, as well as leiomyosarcoma and breast cancer (El-Sharkawy et
al., 2018). The virus is found in most Burkitt's lymphoma cases worldwide (Al-Khreisat et
al., 2023) and is also implicated in most malignancies that follow transplantation (Damania
et al., 2022). It was first seen by electron microscopy in a malignant Burkitt's lymphoma
(Epstein et al., 1964). It remains the model human tumour virus, directly implicated in the
oncogenesis of lymphoid and epithelial tumours (Miinz, 2025). Several factors explain the
persistence and oncogenic capacity of EBV: (1) its ability to keep its genome within cells
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without threatening host survival; (2) the ways it evades the host immune system; and (3)
its power to switch on pathways that control cell growth (Miinz, 2019). In Burkitt's lymphoma
cells carrying EBV, many proteins central to killing by cytotoxic T cells are suppressed: the
transporters linked to antigen processing, cellular adhesion molecules, and the MHC class |
molecules by which cytotoxic T cells identify virus-infected cells (Brady et al., 2007). Stress
reactivates latent EBV (Glaser et al., 1991; Coskun et al., 2010).

Through its pathogenesis, EBV can over-activate T cells and macrophages, so that
too many cytokines are produced. At its most severe, this causes fatal coagulopathy, with
or without central pontine myelinolysis, and secondary or acquired haemophagocytic
lymphohistiocytosis may follow from intense immunological activation of normal T
lymphocytes and macrophages (Damania et al., 2022). Earlier reports held that the virus
first multiplies in oropharyngeal epithelial cells and only later infects B cells, but other
findings suggest that oropharyngeal B cells may be the first site, with the amount of
infection rising sharply once epithelial cells come into contact with infected B cells (Munz,
2019).

Virally encoded microRNAs were first identified in EBV, within the nucleus of several
Hodgkin's and Burkitt's lymphoma cell lines (Pfeffer et al., 2004), and these microRNAs help
drive both immune evasion and tumorigenesis (De Re et al., 2020). The Gly-Ala residues of
EBV nuclear antigen 1 (EBNA1) block processing of the antigen by the proteasome, which
keeps the protein from being presented on MHC class | molecules and so hides it from
immune recognition (Levitskaya et al., 1995). EBV BILF1 encodes a seven-transmembrane
G-protein-coupled receptor produced in the lytic cycle that relays signals from outside the
cell into internal responses; the GPCRs of EBV sequester host chemokines, promote cell-to-
cell adhesion and reshape the intracellular signalling network to enable viral replication
(Lyngaa et al., 2010; de Munnik et al., 2015). BILF1 is mainly responsible for immune evasion
and acts as a tumour-promoting factor both in vitro and in vivo (Lyngaa et al., 2010); in
other words, it causes immunosuppression and oncogenesis (Tsutsumi et al., 2021). The EBV
oncoproteins LMP1, LMP2A and EBNA1 are recognised as agents that initiate and/or amplify
epithelial-mesenchymal transition (EMT), which is regarded as a hallmark of cancer
progression and metastasis (Cyprian et al., 2018; Wang&Ning, 2021). Cytokines including IL-
6 and IL-1 may also act as autocrine growth factors for B cells infected with EBV (Damania
et al., 2022).

For diagnosis, PCR and sequencing are best done after the open view that electron
microscopy (EM) provides, because EM helps with morphological identification. It therefore
serves as a means of differential diagnosis and belongs at the start of the diagnostic process.
Negative-staining EM allows the causative agent to be recognised as a herpesvirus
(Goldsmith&Miller, 2009;Bastawecy and Abd El-Samee,2012). Its advantages are simple
sample preparation and quick analysis, giving a same-day result, while its undirected open
view allows rapid morphological identification and differential diagnosis among the various
agents in the specimen (Hazelton&Gelderblom, 2003). For this reason, EM should be a
frontline diagnostic method (Goldsmith&Miller, 2009). Even so, a definitive diagnosis still
requires molecular confirmation of OvHV-2 by PCR and sequencing (Li et al., 2011; Riaz et
al., 2021).

Running the PCR on whole blood rather than on peripheral blood leukocytes alone
can improve the assay, perhaps because free virus is present in the plasma of the infected
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animal (Zaki et al., 2016); quantitative and digital PCR formats now allow sensitive
detection and quantification of OvHV-2 in these samples (Pinheiro de Oliveira et al., 2019;
Headley et al., 2024). For identifying viral particles by morphology in tumours such as
Burkitt's lymphoma, study under the electron microscope is more decisive than light
microscopy (Goldsmith&Miller, 2009). TEM, together with isolation in SPF-ECE by the CAM
route and harvest 9 days later, produced a notable finding. To our knowledge, this is the
first study to demonstrate oncogenic properties in OvHV-2, even though the virus was
already known to have every factor required for oncogenesis.

Using negative-staining electron microscopy (EM), the virus responsible for MCF can
be recognised as a herpesvirus. Because negative-staining EM offers simple sample
preparation, rapid same-day detection, and an undirected open view that supports quick
identification as well as differential diagnosis of the several agents in a sample
(Hazelton&Gelderblom, 2003), it is regarded as a frontline diagnostic technique
(Goldsmith&Miller, 2009). The method can also help rule out other viruses previously
suspected in Egypt of causing mouth lesions, lameness or skin lesions. Phylogeny among
herpesviruses is measured from the gB gene sequence, which is the most accurate of the
conserved genes for this purpose (McGeoch et al., 1995). In the sequencing described by
Bastawecy and Abd El-Samee (2012), the complete gB gene ran to 17,800 residues, and its
layout gave 100% query coverage with 100% maximum identity to the matching region of the
OvHV-2 complete genome (accession number DQ198083.1), and 100% query coverage with
99% maximum identity to the matching region of the OvHV-2 (strain BJ1035) complete
genome (accession number AY839756.1). By contrast, query coverage fell to 0% against the
bovine herpesvirus 4 long unique region, complete sequence, and the bovine herpesvirus 4
strain V.test long unique region complete sequence (accession numbers AF318573.1 and
JN133502.1, respectively).

Screening every species, including avian, marine and companion animals, for
susceptibility to EBV or OvHV-2 is needed, a need highlighted by the recent detection of
OvHV-2 in atypical hosts such as the horse and further artiodactyls (Madrigal-Valencia et al.,
2023; Bianchessi et al., 2024) and by its link to acute respiratory disease in cattle (Headley
et al., 2023). At the same time, securing accurate herpesvirus diagnosis by sequencing the
entire glycoprotein B gene will strengthen both our understanding and our management of
this widespread virus. Tumours in any species should also be tested for OvHV-2 and EBV,
because latent EBV or OvHV-2, which persists as circular double-stranded DNA called an
episome, can be mistaken for papillomavirus. The glycoprotein B subunit of OvHV-2 could
serve as a vaccine, as it has already been shown to protect against sheep-associated MCF,
while anti-OvHV-2 glycoprotein B camelid nanobodies could be produced for treatment and
for emergency use in valuable animals (Cunha et al., 2022). Routinely checking the cell
cultures used in human, animal and insect systems for contamination with OvHV-2 and EBV
is also recommended, in order to protect the quality and safety of biological products
(Bastawecy et al., 2025).

In summary, the sequencing shows that the OvHV-2 circulating in Egypt (2012)
carried unchanged sequences, identical before and after isolation. Once EM has detected
it, the complete glycoprotein B gene sequence is advised for any herpesvirus thought to
infect any species .Also , testing all species including humans, avian and marine species
forOvVHV-2 and EBV, because both EBV and OvHV-2 encode long non-coding (Inc) RNAs that
may be misread and sequenced as RNA viruses.
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RECOMMENDATION

One key recommendation is that farm animals, poultry and fish should be given feeds free
of any additive derived from animals, birds or marine sources, and that the plants used in
their rations should be free of hybridization or genetic modification, since feeds of that kind
are regarded as stressors that can reactivate latent OvHV-2.

REFERENCES

AlHajri, S. M., Cunha, C. W., Nicola, A. V., Aguilar, H. C., Li, H., & Taus, N. S. (2017). Ovine
herpesvirus 2 glycoproteins B, H, and L are sufficient for, and viral glycoprotein Ov8 can enhance,
cell-cell membrane fusion. Journal of Virology, 91(5), €02454-16.
https://doi.org/10.1128/JVI.02454-16

Al-Khreisat, M. J., Ismail, N. H., Tabnjh, A., Hussain, F. A., Mohamed Yusoff, A. A., Johan, M. F., &
Islam, M. A. (2023). Worldwide prevalence of Epstein-Barr virus in patients with Burkitt lymphoma:
A systematic review and meta-analysis. Diagnhostics, 13(12), 2068.
https://doi.org/10.3390/diagnostics13122068

Anderson, I. E., Deane, D., Swa, S., Thomson, J., Campbell, I., Buxton, D., Wei, X.-Q., Stewart, J.
P., Russell, G. C., & Haig, D. M. (2008). Production and utilization of interleukin-15 in malighant
catarrhal fever. Journal of Comparative Pathology, 138(2-3), 131-144.
https://doi.org/10.1016/j.jcpa.2008.01.002

Andriyanov, P. A., Zakharova, O. I., Zhurilov, P. A, Tutrina, A. |., Kashina, D. D., Burova, O. A,
Liskova, E. A., Shirokova, E. A., Yashin, I. V., & Blokhin, A. A. (2025). Clinical, pathological, and
molecular aspects of malignant catarrhal fever in Russia: A case report. Veterinary Research
Communications, 49(4), 189. https://doi.org/10.1007/511259-025-10758-0

Babcock, G. J., Decker, L. L., Volk, M., & Thorley-Lawson, D. A. (1998). EBV persistence in memory
B cells in vivo. Immunity, 9(3), 395-404. https://doi.org/10.1016/51074-7613(00)80622-6

Baer, R., Bankier, A. T., Biggin, M. D., Deininger, P. L., Farrell, P. J., Gibson, T. J., Hatfull, G.,
Hudson, G. S., Satchwell, S. C., Seguin, C., Tuffnell, P. S., & Barrell, B. G. (1984). DNA sequence
and expression of the B95-8 Epstein-Barr virus genome. Nature, 310(5974), 207-211.
https://doi.org/10.1038/310207a0

Bartel, D. P. (2004). MicroRNAs: Genomics, biogenesis, mechanism, and function. Cell, 116(2), 281-
297. https://doi.org/10.1016/50092-8674(04)00045-5

Bastawecy, I. M. (2021). Mode of infection and some diseases caused by Epstein-Barr virus: The
most ubiquitous, common malignant and characteristic virus. Journal of Human Virology &
Retrovirology, 9(1), 6-9. https://doi.org/10.15406/jhvrv.2021.09.00237

Bastawecy , I.M. (2022) : Electron microscopy as a differential diagnosis technique : serving in the
diagnosis of malignant catarrhal fever in farm animals . Journal of American Science , 18 (9) .
https://doi.org/10.7537/marsjas180922.06.

Bastawecy, I. M.,&Abd El-Samee, A. A. (2012). First isolation and identification of ovine herpesvirus
2 causing malignant catarrhal fever outbreak in Egypt. Life Science Journal, 9, 798-804.

Bastawecy, I. M., Abdelmonem, M., Afify, A. F., Saad, N., Shirosaki, Y., Abdullah, C. A. C., El
Naggar, R. F., Rohaim, M. A., & Munir, M. (2025). Viral contamination in cell culture: Analyzing the
impact of Epstein-Barr virus and Ovine herpesvirus 2. Frontiers in Microbiology, 16, 1442321.
https://doi.org/10.3389/fmicb.2025.1442321

Vol. 14 No. 04 (2026): European Journal of Applied Sciences Page | 134


https://doi.org/10.1128/JVI.02454-16
https://doi.org/10.3390/diagnostics13122068
https://doi.org/10.1016/j.jcpa.2008.01.002
https://doi.org/10.1007/s11259-025-10758-0
https://doi.org/10.1016/S1074-7613(00)80622-6
https://doi.org/10.1038/310207a0
https://doi.org/10.1016/S0092-8674(04)00045-5
https://doi.org/10.15406/jhvrv.2021.09.00237
https://doi.org/10.3389/fmicb.2025.1442321

Scholar Publishing

Bastawecy, I. M., El Damaty, H. M., Fawzi, E. M.,&El-Said, H. M. (2015). Ovine herpesvirus 2 can
cause skin lesions in susceptible animals. Journal of American Science, 11(2), 102-107.

Baxter, S. I. F., Pow, I., Bridgen, A., & Reid, H. W. (1993). PCR detection of the sheep-associated
agent of malignant catarrhal fever. Archives of Virology, 132(1-2), 145-159.
https://doi.org/10.1007/BF01309849

Beisser, P. S., Verzijl, D., Gruijthuijsen, Y. K., Beuken, E., Smit, M. J., Leurs, R., Bruggeman, C.
A., & Vink, C. (2005). The Epstein-Barr virus BILF1 gene encodes a G protein-coupled receptor that
inhibits phosphorylation of RNA-dependent protein kinase. Journal of Virology, 79(1), 441-449.
https://doi.org/10.1128/JVI1.79.1.441-449.2005

Bellows, D. S., Howell, M., Pearson, C., Hazlewood, S. A., & Hardwick, J. M. (2002). Epstein-Barr
virus BALF1 is a BCL-2-like antagonist of the herpesvirus antiapoptotic BCL-2 proteins. Journal of
Virology, 76(5), 2469-2479. https://doi.org/10.1128/JV1.76.5.2469-2479.2002

Bianchessi, L., Flach, E., Monacchia, G., Dagleish, M., Maley, M., Turin, L., & Rocchi, M. S. (2024).
Identification and characterisation of gamma-herpesviruses in zoo artiodactyla. Virology Journal,
21, 49. https://doi.org/10.1186/s12985-024-02311-3

Brady, G., MacArthur, G. J., & Farrell, P. J. (2007). Epstein-Barr virus and Burkitt lymphoma.
Journal of Clinical Pathology, 60(12), 1397-1402. https://doi.org/10.1136/jcp.2007.047977

Cannarile, M. A., Weisser, M., Jacob, W., Jegg, A.-M., Ries, C. H., & Ruttinger, D. (2017). Colony-
stimulating factor 1 receptor (CSF1R) inhibitors in cancer therapy. Journal for ImmunoTherapy of
Cancer, 5(1), 53. https://doi.org/10.1186/s40425-017-0257-y

Cohen, J. I. (2000). Epstein-Barr virus infection. New England Journal of Medicine, 343(7), 481-492.
https://doi.org/10.1056/NEJM200008173430707

Coskun, O., Sener, K., Kilic, S., Erdem, H., Yaman, H., Besirbellioglu, A. B., Gul, H. C., & Eyigun,
C. P. (2010). Stress-related Epstein-Barr virus reactivation. Clinical and Experimental Medicine,
10(1), 15-20. https://doi.org/10.1007/s10238-009-0063-z

Coulter, L. J., & Reid, H. W. (2002). Isolation and expression of three open reading frames from
ovine herpesvirus-2. Journal of General Virology, 83(3), 533-543. https://doi.org/10.1099/0022-
1317-83-3-533

Cunha, C. W., Baker, K. N., OToole, D., Cole, E., Shringi, S., Dewals, B. G., Vanderplasschen, A., &
Li, H. (2022). A vaccine targeting ovine herpesvirus 2 glycoprotein B protects against sheep-
associated malignant catarrhal fever. Vaccines, 10(12), 2156.
https://doi.org/10.3390/vaccines10122156

Cunha, C. W., Slater, O. M., Macbeth, B., Duignan, P. J., Warren, A., Highland, M. A., & Li, H.
(2019). Domestic sheep and bighorn sheep carry distinct gammaherpesviruses belonging to the
genus Macavirus. Virus Research, 272, 197729. https://doi.org/10.1016/j.virusres.2019.197729

Cyprian, F. S., Al-Farsi, H. F., Vranic, S., Akhtar, S., & Al Moustafa, A.-E. (2018). Epstein-Barr virus
and human papillomaviruses interactions and their roles in the initiation of epithelial-mesenchymal
transition and cancer progression. Frontiers in Oncology, 8, 111.
https://doi.org/10.3389/fonc.2018.00111

Damania, B., Kenney, S. C., & Raab-Traub, N. (2022). Epstein-Barr virus: Biology and clinical
disease. Cell, 185(20), 3652-3670. https://doi.org/10.1016/j.cell.2022.08.026

de Martel, C., Georges, D., Bray, F., Ferlay, J., & Clifford, G. M. (2020). Global burden of cancer
attributable to infections in 2018: A worldwide incidence analysis. The Lancet Global Health, 8(2),
€180-e190. https://doi.org/10.1016/52214-109X(19)30488-7

Vol. 14 No. 04 (2026): European Journal of Applied Sciences Page | 135


https://doi.org/10.1007/BF01309849
https://doi.org/10.1128/JVI.79.1.441-449.2005
https://doi.org/10.1128/JVI.76.5.2469-2479.2002
https://doi.org/10.1186/s12985-024-02311-3
https://doi.org/10.1136/jcp.2007.047977
https://doi.org/10.1186/s40425-017-0257-y
https://doi.org/10.1056/NEJM200008173430707
https://doi.org/10.1007/s10238-009-0063-z
https://doi.org/10.1099/0022-1317-83-3-533
https://doi.org/10.1099/0022-1317-83-3-533
https://doi.org/10.3390/vaccines10122156
https://doi.org/10.1016/j.virusres.2019.197729
https://doi.org/10.3389/fonc.2018.00111
https://doi.org/10.1016/j.cell.2022.08.026
https://doi.org/10.1016/S2214-109X(19)30488-7

Scholar Publishing

de Munnik, S. M., Smit, M. J., & Vischer, H. F. (2015). Modulation of cellular signaling by
herpesvirus-encoded G protein-coupled receptors. Frontiers in Pharmacology, 6, 40.
https://doi.org/10.3389/fphar.2015.00040

De Re, V., Caggiari, L., De Zorzi, M., Fanotto, V., Miolo, G., Puglisi, F., Cannizzaro, R., Canzonieri,
V., Steffan, A., Farruggia, P., Lopci, E., dAmore, E. S. G., Burnelli, R., Mussolin, L., & Mascarin, M.
(2020). Epstein-Barr virus BART microRNAs in EBV-associated Hodgkin lymphoma and gastric cancer.
Infectious Agents and Cancer, 15, 42. https://doi.org/10.1186/s13027-020-00307-6

El-Sharkawy, A., Al Zaidan, L., & Malki, A. (2018). Epstein-Barr virus-associated malignancies: Roles
of viral oncoproteins in carcinogenesis. Frontiers in Oncology, 8, 265.
https://doi.org/10.3389/fonc.2018.00265

Epstein, M. A., Achong, B. G., & Barr, Y. M. (1964). Virus particles in cultured lymphoblasts from
Burkitt's lymphoma. The Lancet, 283(7335), 702-703. https://doi.org/10.1016/50140-
6736(64)91524-7

Glaser, R., Pearson, G. R., Jones, J. F., Hillhouse, J., Kennedy, S., Mao, H., & Kiecolt-Glaser, J. K.
(1991). Stress-related activation of Epstein-Barr virus. Brain, Behavior, and Immunity, 5(2), 219-
232. https://doi.org/10.1016/0889-1591(91)90018-6

Goldsmith, C. S., & Miller, S. E. (2009). Modern uses of electron microscopy for detection of
viruses. Clinical Microbiology Reviews, 22(4), 552-563. https://doi.org/10.1128/CMR.00027-09

Hart, J., Ackermann, M., Jayawardane, G., Russell, G., Haig, D. M., Reid, H., & Stewart, J. P.
(2007). Complete sequence and analysis of the ovine herpesvirus 2 genome. Journal of General
Virology, 88(1), 28-39. https://doi.org/10.1099/vir.0.82284-0

Hazelton, P. R., & Gelderblom, H. R. (2003). Electron microscopy for rapid diagnosis of emerging
infectious agents. Emerging Infectious Diseases, 9(3), 294-303.
https://doi.org/10.3201/eid0903.020327

Headley, S. A., Dall Agnol, A. M., Bessegato, J. A., Frucchi, A. P. S., Maturana, E. F. L., Rodrigues,
R. V., Xavier, A. A. C., Alfieri, A. F., & Alfieri, A. A. (2023). Association of ovine gammaherpesvirus
2 with an outbreak of acute respiratory disease in dairy cattle. Scientific Reports, 13, 5623.
https://doi.org/10.1038/s41598-023-30133-w

Headley, S. A., Fritzen, J. T. T., Rodriguez, M. C., & Alfieri, A. A. (2024). Quantification of ovine
gammaherpesvirus 2 in clinical cases of cattle with sheep-associated malignant catarrhal fever.
Brazilian Journal of Microbiology, 55(2), 1949-1959. https://doi.org/10.1007/s42770-024-01357-3

Jayawardane, G., Russell, G. C., Thomson, J., Deane, D., Cox, H., Gatherer, D., Ackermann, M.,
Haig, D. M., & Stewart, J. P. (2008). A captured viral interleukin 10 gene with cellular exon
structure. Journal of General Virology, 89(10), 2447-2455.
https://doi.org/10.1099/vir.0.2008/001743-0

Kvansakul, M., Wei, A. H., Fletcher, J. I., Willis, S. N., Chen, L., Roberts, A. W., Huang, D. C. S., &
Colman, P. M. (2010). Structural basis for apoptosis inhibition by Epstein-Barr virus BHRF1. PLoS
Pathogens, 6(12), e1001236. https://doi.org/10.1371/journal.ppat.1001236

Lee, R. C., Feinbaum, R. L., & Ambros, V. (1993). The C. elegans heterochronic gene lin-4 encodes
small RNAs with antisense complementarity to lin-14. Cell, 75(5), 843-854.
https://doi.org/10.1016/0092-8674(93)90529-Y

Levitskaya, J., Coram, M., Levitsky, V., Imreh, S., Steigerwald-Mullen, P. M., Klein, G., Kurilla, M.
G., & Masucci, M. G. (1995). Inhibition of antigen processing by the internal repeat region of the
Epstein-Barr virus nuclear antigen-1. Nature, 375(6533), 685-688.
https://doi.org/10.1038/375685a0

Vol. 14 No. 04 (2026): European Journal of Applied Sciences Page | 136


https://doi.org/10.3389/fphar.2015.00040
https://doi.org/10.1186/s13027-020-00307-6
https://doi.org/10.3389/fonc.2018.00265
https://doi.org/10.1016/S0140-6736(64)91524-7
https://doi.org/10.1016/S0140-6736(64)91524-7
https://doi.org/10.1016/0889-1591(91)90018-6
https://doi.org/10.1128/CMR.00027-09
https://doi.org/10.1099/vir.0.82284-0
https://doi.org/10.3201/eid0903.020327
https://doi.org/10.1038/s41598-023-30133-w
https://doi.org/10.1007/s42770-024-01357-3
https://doi.org/10.1099/vir.0.2008/001743-0
https://doi.org/10.1371/journal.ppat.1001236
https://doi.org/10.1016/0092-8674(93)90529-Y
https://doi.org/10.1038/375685a0

Scholar Publishing

Li, H., Cunha, C. W., & Taus, N. S. (2011). Malignant catarrhal fever: Understanding molecular
diagnostics in context of epidemiology. International Journal of Molecular Sciences, 12(10), 6881 -
6893. https://doi.org/10.3390/ijms12106881

Liggitt, H. D., & DeMartini, J. C. (1980a). The pathomorphology of malignant catarrhal fever. I.
Generalized lymphoid vasculitis. Veterinary Pathology, 17(1), 58-72.
https://doi.org/10.1177/030098588001700107

Liggitt, H. D., & DeMartini, J. C. (1980b). The pathomorphology of malignant catarrhal fever. II.
Multisystemic epithelial lesions. Veterinary Pathology, 17(1), 73-83.
https://doi.org/10.1177/030098588001700108

Loken, T., Aleksandersen, M., Reid, H., & Pow, I. (1998). Malignant catarrhal fever caused by ovine
herpesvirus-2 in pigs in Norway. Veterinary Record, 143(17), 464-467.
https://doi.org/10.1136/vr.143.17.464

Lyngaa, R., Norregaard, K., Kristensen, M., Kubale, V., Rosenkilde, M. M., & Kledal, T. N. (2010).
Cell transformation mediated by the Epstein-Barr virus G protein-coupled receptor BILF1 is
dependent on constitutive signaling. Oncogene, 29(31), 4388-4398.
https://doi.org/10.1038/0nc.2010.173

Madrigal-Valencia, T. L., Saavedra-Montanez, M., Perez-Torres, A., Hernandez, J., Segales, J.,
Dominguez Hernandez, Y., Candanosa-Aranda, I. E., Perez-Guiot, A., & Ramirez-Mendoza, H.
(2023). First identification and characterization of ovine gammaherpesvirus type 2 in horses and
artiodactyla from an outbreak of malignant catarrhal fever in Mexico. PLOS ONE, 18(9), €0290309.
https://doi.org/10.1371/journal.pone.0290309

McGeoch, D. J., Cook, S., Dolan, A., Jamieson, F. E., & Telford, E. A. R. (1995). Molecular
phylogeny and evolutionary timescale for the family of mammalian herpesviruses. Journal of
Molecular Biology, 247(3), 443-458. https://doi.org/10.1006/jmbi.1995.0152

Meier-Trummer, C. S., Tobler, K., Hilbe, M., Stewart, J. P., Hart, J., Campbell, I., Haig, D. M.,
Glauser, D. L., Ehrensperger, F., & Ackermann, M. (2009). Ovine herpesvirus 2 structural proteins in
epithelial cells and M-cells of the appendix in rabbits with malignant catarrhal fever. Veterinary
Microbiology, 137(3-4), 235-242. https://doi.org/10.1016/j.vetmic.2009.01.030

Minz, C. (2019). Latency and lytic replication in Epstein-Barr virus-associated oncogenesis. Nature
Reviews Microbiology, 17(11), 691-700. https://doi.org/10.1038/s41579-019-0249-7

Minz, C. (2025). Epstein-Barr virus pathogenesis and emerging control strategies. Nature Reviews
Microbiology, 23(10), 667-679. https://doi.org/10.1038/s41579-025-01181-y

OToole, D., & Li, H. (2014). The pathology of malignant catarrhal fever, with an emphasis on ovine
herpesvirus 2. Veterinary Pathology, 51(2), 437-452. https://doi.org/10.1177/0300985813520435

OToole, D., Li, H., Sourk, C., Montgomery, D. L., & Crawford, T. B. (2002). Malignant catarrhal
fever in a bison (Bison bison) feedlot, 1993-2000. Journal of Veterinary Diagnostic Investigation,
14(3), 183-193. https://doi.org/10.1177/104063870201400301

Paulsen, S. J., Rosenkilde, M. M., Eugen-Olsen, J., & Kledal, T. N. (2005). Epstein-Barr virus-
encoded BILF1 is a constitutively active G protein-coupled receptor. Journal of Virology, 79(1), 536-
546. https://doi.org/10.1128/JVI.79.1.536-546.2005

Pfeffer, S., Zavolan, M., Grasser, F. A., Chien, M., Russo, J. J., Ju, J., John, B., Enright, A. J.,
Marks, D., Sander, C., & Tuschl, T. (2004). Identification of virus-encoded microRNAs. Science,
304(5671), 734-736. https://doi.org/10.1126/science.1096781

Pinheiro de Oliveira, T. F., Laguardia-Nascimento, M., Xavier, F. G., do Amaral Pinto, C., Ferreira,
L. R., de Castro Campos de Souza, |., Hammerschmitt, M. E., Bianchi, R. M., Wronski, J. G., Etges,

Vol. 14 No. 04 (2026): European Journal of Applied Sciences Page | 137


https://doi.org/10.3390/ijms12106881
https://doi.org/10.1177/030098588001700107
https://doi.org/10.1177/030098588001700108
https://doi.org/10.1136/vr.143.17.464
https://doi.org/10.1038/onc.2010.173
https://doi.org/10.1371/journal.pone.0290309
https://doi.org/10.1006/jmbi.1995.0152
https://doi.org/10.1016/j.vetmic.2009.01.030
https://doi.org/10.1038/s41579-019-0249-7
https://doi.org/10.1038/s41579-025-01181-y
https://doi.org/10.1177/0300985813520435
https://doi.org/10.1177/104063870201400301
https://doi.org/10.1128/JVI.79.1.536-546.2005
https://doi.org/10.1126/science.1096781

Scholar Publishing

R. N., Rigon, G. M., Camargos, M. F., Rodrigues Junior, A. V., & Fonseca Junior, A. A. (2019).
Quantification of ovine herpesvirus 2 by digital PCR in an outbreak of malignant catarrhal fever.
Archives of Virology, 164(12), 3045-3050. https://doi.org/10.1007/s00705-019-04382-y

Riaz, A., Dry, I., Levy, C. S., Hopkins, J., Grey, F., Shaw, D. J., & Dalziel, R. G. (2014). Ovine
herpesvirus-2-encoded microRNAs target virus genes involved in virus latency. Journal of General
Virology, 95(2), 472-480. https://doi.org/10.1099/vir.0.059303-0

Riaz, A., Dry, I., Dalziel, R., Rehman, S. U., Shah, M. A., Akhtar, H. M. N., Yousaf, A., & Baig, R.
(2021). Molecular detection and characterization of ovine herpesvirus-2 using heminested PCR in
Pakistan. Journal of Veterinary Science, 22(4), €51. https://doi.org/10.4142/jvs.2021.22.e51

Rosato, G., Ruiz Subira, A., Al-Saadi, M., Michalopoulou, E., Verin, R., Dettwiler, M., Nordgren, H.,
Chiers, K., Grossmann, E., Kohler, K., Suntz, M., Stewart, J. P., & Kipar, A. (2021).
Gammabherpesvirus infections in cattle in Europe. Viruses, 13(12), 2337.
https://doi.org/10.3390/v13122337

Russell, G. C., Stewart, J. P., & Haig, D. M. (2009). Malignant catarrhal fever: A review. The
Veterinary Journal, 179(3), 324-335. https://doi.org/10.1016/j.tvjl.2007.11.007

Shrestha, N., Tobler, K., Uster, S., Sigrist-Nagy, R., Hierweger, M. M., & Ackermann, M. (2020).
Ovine herpesvirus 2 encodes a previously unrecognized protein, pOv8.25, that targets mitochondria
and triggers apoptotic cell death. Journal of Virology, 94(8), e01536-19.
https://doi.org/10.1128/JVI.01536-19

Simon, S., Li, H., OToole, D., Crawford, T. B., & Oaks, J. L. (2003). The vascular lesions of a cow
and bison with sheep-associated malignant catarrhal fever contain ovine herpesvirus 2-infected
CD8+ T lymphocytes. Journal of General Virology, 84(8), 2009-2013.
https://doi.org/10.1099/vir.0.19048-0

Siscovick, D. S., Barringer, T. A., Fretts, A. M., Wu, J. H. Y., Lichtenstein, A. H., Costello, R. B.,
Kris-Etherton, P. M., Jacobson, T. A., Engler, M. B., Alger, H. M., Appel, L. J., & Mozaffarian, D.
(2017). Omega-3 polyunsaturated fatty acid (fish oil) supplementation and the prevention of
clinical cardiovascular disease: A science advisory from the American Heart Association.
Circulation, 135(15), e867-e884. https://doi.org/10.1161/CIR.0000000000000482

Strockbine, L. D., Cohen, J. I., Farrah, T., Lyman, S. D., Wagener, F., DuBose, R. F., Armitage, R.
J., & Spriggs, M. K. (1998). The Epstein-Barr virus BARF1 gene encodes a novel, soluble colony-
stimulating factor-1 receptor. Journal of Virology, 72(5), 4015-4021.
https://doi.org/10.1128/JV1.72.5.4015-4021.1998

Taus, N. S., Oaks, J. L., Gailbreath, K., Traul, D. L., OToole, D., & Li, H. (2006). Experimental
aerosol infection of cattle (Bos taurus) with ovine herpesvirus 2 using nasal secretions from infected
sheep. Veterinary Microbiology, 116(1-3), 29-36. https://doi.org/10.1016/j.vetmic.2006.03.005

Thonur, L., Russell, G. C., Stewart, J. P., & Haig, D. M. (2006). Differential transcription of ovine
herpesvirus 2 genes in lymphocytes from reservoir and susceptible species. Virus Genes, 32(1), 27-
35. https://doi.org/10.1007/s11262-005-5842-3

Trzaskowski, B., Latek, D., Yuan, S., Ghoshdastider, U., Debinski, A., & Filipek, S. (2012). Action of
molecular switches in GPCRs - theoretical and experimental studies. Current Medicinal Chemistry,
19(8), 1090-1109. https://doi.org/10.2174/092986712799320556

Tsutsumi, N., Qu, Q., Mavri, M., Baggesen, M. S., Maeda, S., Waghray, D., Berg, C., Kobilka, B. K.,
Rosenkilde, M. M., Skiniotis, G., & Garcia, K. C. (2021). Structural basis for the constitutive activity
and immunomodulatory properties of the Epstein-Barr virus-encoded G protein-coupled receptor
BILF1. Immunity, 54(7), 1405-1416.e7. https://doi.org/10.1016/j.immuni.2021.06.001

Vol. 14 No. 04 (2026): European Journal of Applied Sciences Page | 138


https://doi.org/10.1007/s00705-019-04382-y
https://doi.org/10.1099/vir.0.059303-0
https://doi.org/10.4142/jvs.2021.22.e51
https://doi.org/10.3390/v13122337
https://doi.org/10.1016/j.tvjl.2007.11.007
https://doi.org/10.1128/JVI.01536-19
https://doi.org/10.1099/vir.0.19048-0
https://doi.org/10.1161/CIR.0000000000000482
https://doi.org/10.1128/JVI.72.5.4015-4021.1998
https://doi.org/10.1016/j.vetmic.2006.03.005
https://doi.org/10.1007/s11262-005-5842-3
https://doi.org/10.2174/092986712799320556
https://doi.org/10.1016/j.immuni.2021.06.001

Scholar Publishing

Wang, L., & Ning, S. (2021). New look of EBV LMP1 signaling landscape. Cancers, 13(21), 5451.
https://doi.org/10.3390/cancers13215451

Zaki, A. A. M., El-Said, H. M., Abd El-Aziz, A., Bastawecy, |. M., Abd El-Wahab, S. A.,&El-Sayed, M.
M. (2016). Field study on malignant catarrhal fever (MCF) in Egypt. Life Science Journal, 13, 83-97.

Zhang, Z., Schwartz, S., Wagner, L., & Miller, W. (2000). A greedy algorithm for aligning DNA
sequences. Journal of Computational Biology, 7(1-2), 203-214.
https://doi.org/10.1089/10665270050081478

Vol. 14 No. 04 (2026): European Journal of Applied Sciences Page | 139


https://doi.org/10.3390/cancers13215451
https://doi.org/10.1089/10665270050081478

