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Abstract

Malignant catarrhal fever (MCF) is a sporadic viral infection that affects ru-
minants, including cattle and water buffalo. Its global spread reflects the co-
existence of primary carriers, including sheep and wildebeest, in domestic
settings, as well as with other susceptible hosts. The main objective of the
current study was to report a sporadic occurrence of sheep-associated malig-
nant catarrhal fever (SA-MCF) in Middle Egypt across different seasons using
molecular and epidemiological approaches. Among 106 sheep, 43 goats,
11 cattle, and 4 buffaloes kept together in different premises, a total of nine
cases (seven cattle and two buffaloes) showed signs suggestive of MCF.
Samples were collected from peripheral blood mononuclear cells and cheek
papillae for DNA extraction. A semi-nested PCR targeting a 422 bp region
was performed, followed by direct gene sequencing. Naturally infected ani-
mals showed depression and high fever (> 41 °C), progressing to nasal and
ocular discharges, conjunctival hyperemia, corneal edema, buccal erosion,
muzzle encrustation, enlarged lymph nodes, and neurological signs. PCR
and sequencing confirmed the presence of ovine herpesvirus 2 (OvHV-2),
with closely related sequences found previously in Egypt, and no significant
genomic differences were observed globally. Results proved the circulation
of OVHV-2 in the area under investigation and highlighted the challenge of
managing multi-species grazing systems under such conditions, as OvHV-2
infections are not limited to specific seasons.
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Study contribution

Sheep-associated malignant catarrhal fever (SA-MCF) poses significant risks in multi-species graz-
ing systems. This study investigates the occurrence of SA-MCF in Middle Egypt by assessing
clinical signs and confirming the presence of ovine herpesvirus 2 (OvHV-2) through PCR and
sequencing. The findings reveal that OvHV-2 is the causative agent of MCF in the studied area,
highlighting its persistence and the associated challenges in managing livestock health. The study
emphasizes the importance of monitoring viral infections in diverse grazing settings to improve
disease control efforts.

Introduction

Malignant catarrhal fever (MCF) is an infectious systemic viral disease affecting artiodactyl spe-
cies (even-toed ungulates). It is caused by viruses belonging to the Herpesviridae family, sub-
family Gammaherpesvirinae, and genus Macavirus.(") Ten MCF viruses have been identified,
including ovine herpesvirus type 2 (OvHV-2), which causes sheep-associated MCF (SA-MCF),
and alcelaphine herpesvirus-1, responsible for wildebeest-associated MCF in cattle.?~*) Most
MCF cases worldwide are attributed to ovine herpesvirus 2 (OvHV-2), prevalent as a subclinical
infection in domestic sheep.(>) Transmission mainly occurs through inhalation or ingestion of
contaminated food and water, with the nasal secretions of reservoir hosts serving as the primary
source of infection.(6=9)

Probably, the initial instance of malignant catarrhal fever occurring in domestic cattle in con-
junction with sheep took place in Europe by the late 1700.(19 Subsequently, by 1850, occurrenc-
es of MCF were observed in Africa, with suspicions already arising regarding the role of wildebeest
in its transmission.(11)

Clinical cases of MCF typically occur sporadically in incidental hosts (even-toed ungulates)
and can have fatal consequences.('?) The multi-species grazing system has increased the visibility
of this disease. The disease manifests in various forms, ranging from acute, severe inflamma-
tory disease with a short clinical course to a chronic syndrome, sometimes with dermatological
involvement.(1%) Symptoms in cattle include high fever, depression, anorexia, conjunctivitis, cor-
neal opacity, lymphadenopathy, upper digestive and respiratory system ulcers and erosions, and
neurological disorders. Chronic cases may exhibit weight loss, muscle atrophy, and bilaterally
symmetric alopecia.(14)

Diagnosing MCF requires consideration of epidemiological data due to its complex pathogen-
esis, presenting a diagnostic challenge. Histopathology was previously considered the definitive di-
agnostic test until the introduction of PCR assays using specific primers.(!) Molecular assays have
enhanced the detection and differentiation of MCF-causing viruses.(!>) The PCR test, developed
by Baxter et al.,(19) is the OlE-approved diagnostic tool for detecting OvHV-2 infection.

The circulation of OvHV-2 has been reported in Egypt.(!7—19) For instance, Azzam et al.(17)
documented MCF in one cattle heifer and one buffalo heifer of 9-month-old out of 62 cattle and
14 buffaloes reared in close association with a flock of 17 sheep and 3 goats in the Faculty of Vet-
erinary Medicine, Beni-Suef University, Egypt, using histopathology, PCR, and sequence analysis.
Moreover, Zaki et al. detected ovine herpesvirus 2 (OvHV-2) DNA in the blood of 25 animals (12
cattle, 2 buffaloes and 11 sheep) belonging to Damietta, El-Mansoura, El-Gharbia, El-Sharkia, Kafr
El-Sheikh, Giza, Fayoum, Beni-Suef, E-Menia, and Assut governorates. The main objective of the
current study is to report a sporadic occurrence of sheep-associated malignant catarrhal fever (SA-
MCF) in Middle Egypt across different seasons using molecular and epidemiological approaches.
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Figure 1. Fayoum Governorate, Egypt.

Materials and methods

Ethical statement

This study was conducted by the guidelines of the Institutional Animal Care and Use Committee
(IACUC No. 022-378) at the Faculty of Veterinary Medicine, Beni-Suef University, Egypt.

Animals

Between 2015 and 2016, observations were made among a population comprising 106 sheep,
43 goats, 11 cattle, and 4 buffaloes housed together in various premises across the rural areas of
Fayoum Governorate, Egypt (Figure1). The inclusion criteria required the presence of two or more
clinical signs in these animals: fever, dyspnea, bilateral corneal opacity, or oral cavity erosions. For
the collection of buffy coat, ethylenediaminetetraacetic acid (EDTA) at a concentration of 0.1 mM
per 10 mL of blood was utilized. Additionally, skin scrapings from eroded cheek papillae were
collected from each animal.

Sample processing

To collect the buffy coat, 40 pL of lysis buffer (composed of 10 mM CHKO3, 0.1 mM
EDTA, 0.15 M NHA4CI pH 7.2) was added to 10 mL of blood, followed by centrifugation at
8 500 x g x 10 min. The supernatant was discarded, and the process was repeated twice. The
cell pellet was then suspended in 40 pL of sterile phosphate-buffered saline (PBS, pH 7.4),
centrifuged, and the supernatant was discarded. The obtained buffy coat cells were stored at
-20 °C until further use. Additionally, cheek papillae were collected and homogenized with PBS.
Processed samples were stored at -20 °C until use.
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Semi-nested polymerase chain reaction (PCR)

Pooling of an equal volume of both the buffy coat and the cheek papillae homogenate was
conducted and used as a template for viral DNA extraction using the gSync™ DNA extraction kit
(Geneaid, New Taipei City, Taiwan, Cat. No. GS 100) according to the manufacturer’s instructions.
A semi-nested PCR protocol was employed to detect OvHV-2 ORF75 using primer sets: 556
(5'-AGTCTGGGGTATATGAATCCAGATGGCTCTC-3") and 775 (5-AAGATAAGCACCAGTTATGCATCT-
GATAAA-3") in the first step and primer sets 556 and 555 (5-TTCTGGGGTAGTGGCGAGCGAAG-
GCTTC-3") (Jena Bioscience GmbH, Germany) in the second step.('®) The reaction conditions
were as follows: 12.5 pL PCR Master Mix (Thermo, Germany), 1 pL (each) primer, 6.5 pL RNase-
free water, and 4 plL extracted DNA in a 25 plL volume. The thermal profile consisted of initial
denaturation at 95 °C for 5 min, followed by 35 cycles of 94 °C for 2 min, 56 °C for 45 s, 72 °C
for 60 s, and a final extension at 72 °C for 7 min. RNase-free water served as the negative control.
MCF DNA from our laboratory was used as a positive control. PCR products were loaded onto a
1.5 9% agarose gel stained with ethidium bromide (0.5 pg/mL) and viewed under UV illumination
using a gel documentation and analysis system.

Sequencing

Nine PCR products (422 bp) —seven from cattle (2/2015, 2/2016) and two from buffaloes
(2016)— were excised from the gel, and purified using a Geneaid gel extraction kit (New Taipei
City, 22180 Taiwan, China) following the manufacturer's instructions. Purified PCR amplicons
were sequenced commercially.

Sequence analysis

Basic Local Alignment Search Tool (BLAST) analysis was initially employed to establish sequence
identity to GenBank accessions. Molecular Evolutionary Genetics Analysis (MEGA) 5.2 was used
for phylogenetic analysis through the application of the maximum likelihood (ML) statistical meth-
od. To validate the phylogeny, the bootstrap method was employed with 1000 replications. Nu-
cleotide substitution modeling was conducted utilizing the Tamura-Nei model, presuming uniform
rates among sites. Gaps and missing data were handled by complete deletion. Tree inference
utilized the ML heuristic method with nearest-neighbor-interchange, while the initial tree was
automatically generated using the default method: NJ/BioNJ (neighbor-joining). A very strong
branch swap filter was applied to refine tree inference accuracy.

Statistical analysis

The statistical significance of the distribution of positive cases across different months was as-
sessed using Fisher's exact test within the SPSS software. Subsequently, the results were visual-
ized using GraphPad Prism 5 software.

Results

Clinical findings

The current study reported the recurrent incidence of MCF in the rural area of the Fayoum Gover-
norate, Egypt. This region supports a mixed species grazing system, where cattle, buffalo, sheep,
and goats coexist year-round. From April 2015 to May 2016, a total of seven cattle [April 2015
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Figure 2. The distribution of sheep-associated malignant catarrhal fever (SA-MCF) across different months. *Cases were
reported from April 2015 to May 2016, with May showing 4 cases, 2 in each year.

(n = 1), May 2015 (n = 2), November 2015 (n = 1), February 2016 (n = 2), March 2016
(n=1)] and two buffaloes [May 2016 (n = 2)] displaying clinical signs of MCF were observed and
subjected to clinical examination (Figure 2). Fisher's exact test was used to compare the monthly
distribution of cases, and no significant differences were observed. Previous records from farmers
suggested numerous suspected cases of malignant catarrhal fever in the area, yet these cases
lacked laboratory confirmation.

The initial clinical manifestations included slight depression and fever (> 41 °C) and en-
largement of superficial lymph nodes (Figure 3a). Subsequently, cattle exhibited nasal and ocular
discharges progressing from serous to purulent exudates (Figure 3b), conjunctival and scleral hy-
peremia (Figure 3¢), and bilateral corneal edema and opacity (Figure 3d). Dyspnea and erosions in
the buccal cavity —typically on the lips, gums, and cheek papillae— along with encrustation of the
muzzle, were also noted. Additionally, nervous signs such as hyperaesthesia and incoordination
were observed in some cases.

PCR and sequencing

Nested PCR successfully amplified nine samples, producing the correct amplicon size. Direct
gene sequencing of the partial ORF75 gene (tegument protein) of the OvHV-2 was success-
ful in 6 out of the 9 PCR products. Analysis of the sequences revealed that the six obtained
sequences in this study (designated as ON952531, ON952532, ON952533, ON952534,
ON952535, and ON952536) exhibit close relatedness, with nucleotide identity ranging from
99 9% to 100 % amongst themselves and with two Egyptian sequences available in the database
(KPO15737.1/2010 and KT725443.1/2012) (Figure 4).

Phylogenetic analysis of the ovine herpesvirus 2 tegument protein gene ORF75 was conduct-
ed. The tree was generated using the Mega-5.2 program through neighbor-joining analysis. Boot-
strap confidence values were calculated based on 1000 replicates using the maximum-likelihood
approach. Sequences in the current study are highlighted in blue.
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Figure 3. Clinical signs of sheep-associated malignant catarrhal fever (SA-MCF). a) Enlarged lymph node. b) Copious
bilateral purulent nasal discharge. ¢) Conjunctival and scleral hyperemia. d) Corneal edema and opacity.
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Figure 4. Phylogenetic analysis of the ovine herpesvirus 2 tegument protein gene ORF75.
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Furthermore, multiple sequence alignment and phylogenetic analysis of OvHV-2 sequences
from GenBank spanning the years 1993 to 2019, originating from various countries (including
India, Brazil, Egypt, Germany, Turkey, South Africa, Irag, and Mongolia), indicated no significant
genomic disparities among them.

Discussion

Our study revealed repeated instances of SA-MCF throughout the year, indicating ongoing OvHV-2
infection among sheep in the area. Unlike wildebeest-associated MCF in Africa, which correlates
with wildebeest calving seasons, bovine SA-MCF occurs consistently throughout the year.() Ewes
do not shed the virus in placental tissues or secretions, and shedding episodes do not increase
around lambing time.(12) The sporadic nature of SA-MCF can be attributed to the lack of direct cat-
tle-to-cattle transmission, as the virus remains primarily cell-associated in MCF-incidental hosts.(14)

Clinical manifestations of SA-MCF observed in this study align with previous reports, pre-
dominantly manifesting as the head-and-eye form characterized by corneal opacity, ocular and
nasal discharge, enlarged lymph nodes, fever, and anorexia.(13:20) To ascertain the infection, this
research employed pooled samples of buffy coats and lesions from the affected animals, akin to
the methodology adopted by Hristov et al.,21) who utilized samples from various tissues during
a SA-MCF outbreak.?!)

Diagnosis traditionally relied on clinical signs and histopathology, but molecular methods
such as PCR now offer increased reliability in detecting OvHV-2 DNA.(122) The primers targeted a
DNA fragment in the ORF 75 of OvHV-2, a gene encoding a viral tegument protein.('®) The spec-
ificity of the primers for OvHV-2 ensured accurate detection, as validated by Li et al.(23) The caus-
ative agent was identified and characterized as ovine herpesvirus 2 (OvHV-2) through PCR and
partial sequencing of the ORF75 gene. Additionally, the infection was confirmed through partial
sequencing of the ORF75 gene. Intriguingly, the obtained sequences from the affected animals
displayed 99 %—100 % nucleotide identity among themselves and with OvHV-2 sequences from
diverse global regions, mirroring findings by Martins et al.,(?4) who observed similar similarities in
bovine samples from Brazil.

Moreover, the ORF75 sequences exhibited similarity to BJ1035, consistent with Russell
et al, (25 observation who reported that ORF75*0101 was prevalent in their samples and re-
sembled the BJ1035 reference sequence.(2> 26) Given these results, it can be inferred that goats
and sheep may serve as infection sources or potential reservoirs capable of transmitting the
virus to susceptible species, particularly cattle and buffalo, owing to their proximity and shared
grazing areas.

Conclusion

The year-round occurrence of SA-MCF was proven in the area under investigation, where PCR
and sequencing confirmed the presence of ovine herpesvirus 2 (OvHV-2), with closely related
sequences found previously in Egypt, with no significant genomic differences observed globally.
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