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Abstract | This study aimed to investigate the genetic and phylogenetic characteristics of 1L-10-like protein and
ORF103 encoded genes of Sheep poxvirus (SPV) in sheep in Iraq. DNA samples of three sheep farms with clinical
signs of pox infection were employed to collect the specimens from Al-Qadisiyah Province, Iraq, and the DNA was
extracted and amplified by PCR targeting IL-10 and ORF103 genes. After purifying the PCR products, the amplicons
were sequenced by Sanger method. Following the sequencing, the Data were studied using the MEGA11 software.
'The findings revealed that infected sheep showed typical pox lesions in various parts of the body. while lambs infected
with SPV, showed more severe symptoms of this infection. The genetic analysis of both IL-10 and ORF103 genes
showed high sequence similarity with sequences from Turkey and Saudi Arabia. This study provides information
about the molecular characteristics of SPV after the genetic analysis of the important genes of this virus. This gives us
ideas to develop better diagnostic tools and control measures and help to decrease the effect of this infection on sheep
populations. These findings continue to emphasize the importance of doing a continuous genetic monitoring of SPV
on field, that will help us to keep the animal health status, in addition to controlling outbreaks.
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INTRODUCTION

are mainly responsible for the infection and are the main
agents of poxvirus diseases in animals (Sumana ez a/., 2020

heep poxvirus (SPPV) is a highly virulent virus that Venkatesan ez a/., 2020; Tuppurainen, 2022).

causes common sheep pox with significant exposure.
'The disease presents pox skin lesions on the dermal layer of
the sheep. The virus is a member of the family Poxviridae

The disease is often manifested in the dusky-hued areas
of the world and is characterized by circular skin rash and

that belongs to the Capripoxvirus, which also includes
Goat pox virus (GTPV) and lumpy skin disease virus
(LSDV). Together with swine pox virus (SWPV), these

nodal autolysis. Animals are often infectious via urine,
stool, and secretions. The virus enters the body through the
conjunctiva, or the mucous membranes of the nasal cavity,
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tongue, oral cavity, and infiltration of lung tissues (Baird
and Shipley, 2021; Stanbekova ez a/., 2021; Hernaez and
Akami, 2024).

Sheep poxvirus (SPPV) causes one of the most contagious
diseases of sheep, goats, and various wild mouse species.
Sheep pox tends to cause high morbidity and mortality
epidemics in countries from the East, Middle East, Asia,
and Africa (Tuppurainea ez al., 2021; Klaif ez al., 2022;
Neamah ez al., 2022). The disease is transmitted through
aerosols and direct or indirect contact with infected
animals. Due to its highly contagious nature, the disease
has to be reported to the World Organization for Animal
Health (OIE). The main features of this disease are fever,
generally occurring skin eruption, and enlarged lymph
nodes. The economic losses caused by epidemics can be
extensive; they are both direct due to death and carriage
of sheep, and meat and wool production losses. Indirect
losses favor the illicit transboundary movement of animals
(Modise ef al., 2021; Neamah ez al., 2021; Delhon, 2022).

Some researchers suggested that sheep poxvirus should
belong to the genus Suipoxvirus and rename it Ovipo virus,
which was avoided to be widely accepted. A study focused
on the whole-genome target enrichment hybridization
indicated that the established phylogenetic three-species
paradigm is not consistent with the evolutionary history of
the viruses, proposing that all host-virus combinations may
be able to occur in the wild (Pashupathi ez a/., 2022; Kumar
et al., 2023; Tesgera et al., 2024).

'The virus is categorized as an established member of the
family Poxviridae and the subfamily Chordopoxvirinae.
Sheeppox is an exceptionally high-profile consequence of a
long-standing cross-species infection by an ancestral sheep
poxvirus (Chahota ez al., 2022; Beytut ez al., 2024).

Sheep poxvirus exhibits minimal serologic cross-reactivity
with closely related goat poxvirus. Both sheep and goat
poxviruses occur in a wide variety of natural hosts in their
homeland, and disease in a small subset of these animals
can sometimes be very severe. Disease reports have
involved wild and captive animals, including species from
the Order Artiodactyla: Deer, oryx, and buffalo, and many
Chiroptera species: Egyptian fruit bats, serotine bats, and
mouse-eared bats (Berguuido ez a/., 2022).

SPV is transmitted mainly through the association of
animals,but mechanical transmission by people, equipment,
and vectors (in particular blood-feeding diptera like the
genus Culicoides) are also relevant routes of transmission
and can be important route amplifiers (Ghander ez a/.,
2020; Hamdi ez a/., 2021).

The primary organs involved are the lungs, oral cavity,

esophagus, and digestive tract, especially the hard corneal
nodules and trodden ulceration. Bacterial infections occur
frequently and may exacerbate clinical disease. Other
organs with initial disease participation include udders
and teats, genital orifices, and liver, lung, and kidney in
the internal organs. The disease is usually fatal, mainly due
to severe enteric lymphadenopathy and pneumonia with
secondary bacterial infections (Amin ez a/., 2021; Baker ez
al., 2021).

This study aimed to investigate the genetic and phylogenetic

characteristics of IL-10-like protein and ORF103 encoded
genes of Sheep poxvirus (SPV) in sheep in Iraq.

MATERIALS AND METHODS

All the details related to the materials and methods are
illustrated in Table 1.

RESULTS AND DISCUSSION

Clinical observations of affected sheep revealed benign
pox lesions on the face, inner side of lips, inner thighs,
and under tail. Symptoms included weakness and lack of
appetite. Lambs were more severely affected than adults.
Fever was only noted during the first 3 days with no other
systemic involvement (Figure 1).

Figure 1: (A, B) images of sheeppox lesions.
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Table 1: Materials and Methods.
Section Details

Animals and sample
collection

- Locations: Three herds in Al-Qadisiyah province (2022)
- Samples: 30 skin nodules/crusts (20 mg each)

- Condition: Unvaccinated sheep showing pox symptoms
- Storage: Collected aseptically, stored at -20 °C

- Procedure: Add Bio (South Korea)
- Steps:

DNA extraction

- Tissue lysis: 200 pl lysis buffer, 20 pl - Measurement: Quantus fluorometer (Promega USA)

- Storage: -20°C

- Volume: 20 pl

- Components:

- Template DNA: 2 pl

- Primers: 1 pl each

- Master mix: 10 pl

- PCR water: Remaining volume

PCR amplification

- Cycler: T100 thermal cycler (BioRad USA)

- Conditions:

- Initial denaturation: 95°C, 5 min
- Denaturation: 95°C, 30 sec

- Annealing: 55°C, 35 sec

- Extension: 72°C, 40 sec

- Final extension: 72°C, 5 min

- Analysis: 1.5% agarose gel electrophoresis, ethidium bromide staining, gel documentation system

Primer design - IL-10 Gene:

- Forward: pox-IL10-F: TGTGACGACGTTAGCTTTGA
- Reverse: pox-1L10-R: AATATCAAACTCTCCCATAGCCTT

- Product size: 387 bp
- Accession number: MF629075
- ORF103 Gene:

- Forward: Pox-ORF103-F: ATGTCTGATAAAAAATTATCTCG
- Reverse: pox-ORF103-R: ATCCATACCATCGTCGATAG

- Product size: 570 bp
- Accession number: MN072629

Sequencing and analysis - Method: Sanger sequencing
- Software: MEGA11

Genetic analysis using gel electrophoresis confirmed the
presence of positive samples for IL-10 like protein gene
(387 bp) and ORF103 gene (570 bp). Molecular markers
(50-1500 bp) were also identified upon presence of positive
bands/smear. Finally, controls were investigated by keeping
template DNA and replacing it with H,O. This approach
indicated the consistent presence of positive samples in all
confirmatory tests (Figure 2).

A mutation was induced by point mutations and detected
in the probe through Sanger sequencing (Figure 3).
Multiple sequence alignment analysis was then used to
identify single nucleotide polymorphisms (SNP) in IL-
10 gene. It is noteworthy to mention the high level of
sequence similarity with some apparent change resulted
from multiple mutations. More precisely, two (78%) SNPs
were identified in ORFI30 gene in the form of three
(Figure 3).

The results of the present analysis identified a range of
changes resulting from point mutations in the probe.
Comparison analysis showed a percentage of minimum
39.3-86.8%, with no significant alteration in the encoded
amino acids. Similarly, ORF103 gene revealed high level
of sequence similarity with point mutation found in the
form of five. Detailed analysis showed mutations that led
to minor alteration in amino acid (lysine K is mutated to
glutamic acid E).

Understanding phylogenetic evolution is relevant to
evaluate the variety of bacteria and spread of disease. The
evolutionary analysis by maximum likelihood method
revealed high sequence similarity in both IL-10 like
protein and ORFI103 genes with no significant genetic
variation. This indicated that the Sheep poxvirus strains in
the concerned region are highly conserved and less prone
to changes. Consequently, such information will help to
understand the genome and develop diagnosis and control
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methods of the disease. The genetic analysis of both IL-70
and ORFI103 genes showed high sequence similarity with
sequences from Turkey and Saudi Arabia (Figure 4).

Figure 2: Gel electrophoresis image (1.5 % agarose) of
sheeppox virus samples from sheep. (A) IL-10-like protein
gene (Lanes: 1-7; size= 387 bp). (B) ORF103 (Lanes: 1-7;
size= 550 bp; C: negative control: H O). M: 50-1500 bp
DNA marker.

SPV is a severe, highly infectious infection in sheep, goats,
and other cloven-hooved animals, causing substantial
damage to thelivestock industry. Members of SPV belong to
the genus Capripoxvirus (family Poxviridae), the same class
of readily transmitted viruses that includes the infectious
viruses behind smallpox and monkeypox. SPV itself
encodes several immunomodulatory proteins that boost
the viral immune evasion mechanisms, including a protein
like interleukin-10 (IL-10) and the ORF103 protein. The
role of these host-range proteins in viral pathogenicity, and
particularly SPV immune evasion mechanisms, has been

established (Cao ez al., 1995; Tulman ez a/., 2001).

The sequence data was then analyzed using MEGA11
software (Tamura ez a/., 2021) which showed lesions in the
infected sheep and that a lamb infected with SPV showed
severe symptoms of the infection. This finding was supported
by previous reports that suggested young animals are more

susceptible to SPV infection (Bhanuprakash ez a/., 2010).
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Figure 3: Multiple sequence alignment of a partial
sequence of IL-10 and ORF103 genes of sheeppox virus.

More genetic analysis of both the IL-10-like protein-
homologous and ORF103 genes showed the highest
similarity with sequences, respectively, from Turkey and
Saudi Arabia (Lamien ez a/., 2011). This is not unexpected
because SPV strains exhibit a genetic variability when

compared across different continents (Tulman ez a/., 2001,
Lamien ez al.,2011).

SPV encodes an IL-10-like protein because it is a viral
homolog of the cellular and well-studied cytokine IL-
10, an essential immune-modulator of the host response
(Tulman e# al., 2001; Karalyan e a/., 2019). The viral IL-
10-like mimicry assists viral escape from the immune
system by acting like cellular IL.-10 to halt the production
of numerous pro-inflammatory cytokines and prevent the
activation of antigen-presenting cells.

In contrast, the ORF103 protein of SPV serves as a
virulence factor associated with pathogenesis (Tulman ez
al., 2001; Nagarajan ez al., 2010). The ORF103 protein is
present in the surface of the viral envelope and is critical
for viral morphogenesis and egress (Nagarajan ez 4/.,2010).
The genetic diversity of these viral proteins forms the
backdrop for elucidating evolutionary mechanisms leading
to strains causing various SPV-related diseases and their
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pathogenic variation.
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Figure 4: Phylogenetic tree of sheeppox virus from sheep.
IL-10-like protein and ORFI03 genes.

The results of the genetic analysis performed in this study
agree with some of the previous studies done elsewhere.
They show high level of similarity with other researchers’
results based on recognition of some similar findings, by
which we have identified some unique observations. In
recently published studies, the IL-10 like protein gene of
SPV shows a high level of conservation in the sequence
identity across different geographical regions. Our study
also exhibited this feature by showing high similarity level
within the Al-Qadisiyah province samples with some
minor mutations that lead to few non-helped changes
in the amino acid set. A previous study by Bowden ez a/.
(2008) showed the IL-10 genes in SPV from Caracas,
Turks and Caicos Islanders and England showed highly
conservative in the genetic level where two samples from
England were highly identical in their sequences.

Correspondingly, the ORF103 gene, having the potential

to encode for the viral glycoprotein, also displayed the
highest overall sequence similarity with minor amino acid
variations. Initially, we found point mutations such as a
lysine (K) to a glutamic acid (E) substitution. Instead of
exhibiting much genetic instability as previously reported
by Balinsyg ez a/. (2008), who enumerated typical point

mutations in various SPV strains.

In addition to the virus virulence seen, we observed that
evolutionary analyses previously performed by others such
as by Tulman ez a/. (2002) have shown that SPV genes,
including the IL-70 and ORF103 genes, show high degrees

of conservation.

Therefore, our results on the variation of IL-10and ORF103
genes in SPV are consistent with other researchers that
IL-10 and ORF103 genes were under strong selection and
accumulated de novo mutations at remarkably low levels,
these comparative studies not only confirm our results
but also stress the necessity for continuous examination
and further genetic analysis which could provide valuable
guidance of SPV prevention and control in different
regions (Al-Baroodi ez al., 2022; Mansour ez al., 2022; Al-
Zubaidi et al., 2023; Al-Salihe and Alhankawe, 2023; El-
Bagaury ez al., 2023; Akrawi and Alkhaled, 2024; Faizy ez
al., 2024; Khudeir ez al., 2024; Khayoon ez al., 2024).

CONCLUSIONS AND
RECOMMENDATIONS

This study provides information about the molecular
characteristics of SPV after the genetic analysis of the
important genes of this virus. This gives us ideas to develop
better diagnostic tools and control measures and help to
decrease the effect of this infection on sheep populations.
These findings continue to emphasize the importance of
doing a continuous genetic monitoring of SPV on field,
that will help us to keep the animal health status, in
addition to controlling outbreaks.
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