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promise in eliciting robust and durable immune responses. Additionally, ORFV is
being explored as a vaccine vector and immunotherapeutic platform due to its strong
immunomodulatory properties. This review highlights the limitations of current
vaccination strategies and discusses emerging perspectives that may pave the way
toward safer, more effective, and sustainable vaccines for controlling ORFV infection
in livestock populations worldwide.
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INTRODUCTION threat to individuals who work with animals, such as

shepherds, veterinarians, and farmers, due to its zoonotic
Parapoxvirus ovis (PPVO or ORF virus) is an epitheliotropic nature (Reichen et al. 2025). ORFV attacks the skin surface
oval-shaped linear double-stranded DNA virus, which is of small ruminants, which can be identified by the rapid
widespread across the globe and stands as a major pathogen  growth of erythematous macules, vesicles, papules, pustules,
affecting small ruminants, especially goats and sheep. It  the oral mucosa, and scab lesions on the lips and around the
induces a distinct mucocutaneous, inflammatory, and nostrils of affected animals. It can also be identified by
proliferative disease recognized as contagious ecthyma  ulcerative wound development on less hairy body parts, i.e.,
(CE), ORF, or scabby mouth. It largely affects goats and the nostril, ears, muzzle, and genitalia. Within four weeks,
sheep, although camels, deer, muskox, reindeer, serow, cats, these lesions often crust over, quickly develop scabs, and
squirrels, and dogs have also been found to be affected. This ~ heal on their own. Scabs are considered a source of new
disease is also zoonotic; however, it poses an occupational infection and contaminate pastures and sheds. They also
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retain high numbers of the virus and can shield it from
environmental inactivation for months or years
(Mungmunpuntipantip and Wiwanitkit 2024).

However, it has been overlooked for several decades due to
the common belief that it merely leads to self-limiting
infection. In contrast, it has already been demonstrated to
result in major cumulative economic losses in the livestock
industry (Thompson et al. 2022). ORF disease can be
characterized by localized, proliferating, and persisting
skin nodules that can be categorized into three types:
generalized, labial, and genital or mammary. It can appear
in either benign or malignant forms. The latter form of ORF
can persist, leading to fatality and typically causing a
serious outbreak among the small ruminants. ORF is most
common and fatal in young goats and lambs who have
recently been infected. A vaccine, an anti-infection
medication that stimulates the desired and strong immune
response against infectious agents, is the most effective
way to overcome this virus, especially in goats and sheep
(Bukar et al. 2021). In this review, we may discuss the
occurrence and vaccinated cure of ORF virus in domestic
animals.

Structure and Classification of ORFV

ORF virus is the causative agent of contagious ecthyma
(CE) in goats and sheep that is responsible for contagious
pustular dermatitis (CPD), sore mouth, infectious labial
dermatitis, and scabby mouth. A prototype ORF virus
(ORFV) belongs to the genus ‘Parapoxvirus’ along with
closely related parapoxviruses like pseudocowpox virus
(PCPV), red deer parapoxvirus in New Zealand (PVNZ),
and bovine papular stomatitis virus (BPSV) (Mansoor et al.
2025). The ORFV genome is an epitheliotropic oval-
shaped linear, double-stranded DNA that is about 134-139
kilobases in size (Li et al. 2023). The genome contains
around 132 genes and has a GC content of up to 66%. The
virus itself has dimensions of approximately 260 nm x 160
nm, as shown in Fig. 1. Essential genes, primarily situated
in the central region, are critical for the formation of
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infectious particles and viral DNA in the host cell’s
cytoplasm (Knipe et al. 2022). The assembly of the ORFV
occurs within the cytoplasm of the host cell, exhibiting
particular morphological characteristics, including a high
GC content and a crisscross surface layout. The B2L gene
produces the envelope protein (42KDA), which is highly
immunogenic and is utilized for detecting pathogens and
conducting phylogenetic research (Poulinlu et al. 2022).
Virus isolation and cultivation, despite being time-
consuming, are still considered the most reliable methods
for validation. However, molecular tools, specifically PCR,
provide a quick and dependable means of screening for
OREF pathogens. The ORFV contains potent genes, such as
VEGEF and IL-10, which enhance viral infection and enable
it to evade the host's immune defences (Ewies et al. 2024).
The virus uses strategies that inhibit the function of
immune cells and keratinocytes, which accounts for its
temporary protective immunity and vulnerability to
reinfection, as shown in Fig. 1.

The predominant physical characteristic of the Orf virus
(ORFYV) is the filamentous, tubular organization of its outer
layer (Lacasta et al. 2021). The virion particle is composed
of an inner membrane that is encased by a thick and
dense wall. This inner membrane is made up of the nuclear
membrane, the nucleoprotein, and the palisade layer. The
ORFV genome, which contains 138 kilobase pairs, has
17% of significantly variable genes accountable for the
virus's pathogenesis, host range, virulence, and
immunomodulatory functions. The variable areas,
surrounded by 3 kilobase pairs (kbp) inverted terminal
repeats (ITRs), are positioned at the very ends of the
genomic DNA. These regions consist of nucleotide
sequences that are similar but ordered in opposite
directions. Additionally, they are strongly linked by hairpin
loops (Almsarrhad 2023). On the contrary, the central
region of the ORFV genome that is conserved constitutes
almost 80% of the total genome and plays a crucial role in
viral replication, transcription, and morphogenesis (Bukar
etal. 2021).

Central conserved region
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Fig. 1: Schematic illustration of ORFV Linear DNA genome. The double-stranded DNA genomic molecule (138 kb long) contains the
5' end showing the immunomodulatory genes (ORFV112 to ORFV138), the central conserved region (ORFV009 to ORFV111), and the
3' genomic end represents the variable region (ORFVO001 to ORFV008). The inverted terminal repeats (ITRs) in nucleocapsid protein
are closely linked with heparin loops at both the 5' and 3' ends. The central conserved region encodes 101 essential genes of the virus
that are involved in replication, immunogenicity, morphogenesis, and transcription. These highly variable regions play a role in the

virulence and pathogenicity of ORF.
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ORFYV Pathogenesis

The virus enters the body through damaged skin and
replicates in the epidermal layer of skin cells, making skin
lesions that progress consistently through multiple stages
(Thompson et al. 2022). The infection is confined to the
squamous epithelium and can affect various areas, such as
the mouth cavity, eyelids, teats, and coronary band. This
can make the infected animals more susceptible to
secondary infections (Hussain et al. 2023). Residual skin
lesions do not lose their effectiveness once the scab falls
off. However, a significant amount of infectious virus is
released within the scab, which can stay infectious in the
environment for many years (Kassa 2021).

Viral infection is transmitted through direct contact with
the highly resistant virus, which can survive for over a year
in the environment (Lacasta et al. 2023). Although younger
lambs are the most prevalent hosts, older sheep are
occasionally affected due to grazing on coarse pastures or
stubbles. It may increase the risk of scabby mouth infection
due to the higher likelihood of viral entrance through oral
abrasions (Abbott 2024). Morbidity caused by ORFV
infection in lambs can reach 100%, while mortality can
reach 50% in animals that have secondary infections or are
immunocompromised (Abubakar et al. 2025). The virus is
characterized by its consistent reinfections in sheep and
goats and resistance to severe environmental conditions,
both of which have contributed to the infection's
transmission in various animal species, including dogs,
guinea pigs, and deer.

Zoonotic Impact of ORFV: Hindering the Livestock
Business

ORF is characterized by proliferative skin lesions, most
frequently on the mouth and face, which further form
through papule, vesicle, pustule, and scabs over several
months (Thompson et al. 2022). While typically self-
limiting in healthy animals, it causes significant economic
losses due to mastitis, degraded wool quality, reduced
animal value, and can be lethal in young animals (Ma et al.
2022). As a zoonosis, Orf poses a significant human health
risk, primarily transmitted through contact with infected
animals, especially via broken skin, and presents as pus-
filled dermatitis, most often on the hands and arms;
although usually self-resolving within weeks, it can lead to
severe, persistent infections in immunocompromised
individuals (Khan et al. 2022; Ma et al. 2022).

ORF disease is identified to be enzootic in the small
ruminants in Asian, African, and many other regions
worldwide (Mao et al. 2022). Small ruminants have
significant economic value for humans due to their
abundant supply of calcium, protein, vitamins, hides, fiber,
and particularly wool, which benefits millions of people
globally (Chadda et al. 2025). Nevertheless, the financial
and economic consequences of viral infections are thought
to be under-reported due to their severe occurrence of the
disease. Furthermore, a higher proportion of the viral
disorders currently hindering the livestock business are
attributed to harmful animal viruses. In order to meet the
significant demand in livestock farming, it is essential to
protect animals against contagious viruses such as ORFV
and some other veterinary pathogens. Hence, by taking
measures to prevent infectious diseases in animals, it is
possible to achieve the widespread elimination of viruses,

promote healthy livestock production, and subsequently
enhance the life expectancy of farmers and veterinarians
(Zanella 2023).

Molecular and Laboratory Diagnosis of ORFV

Cell culture is a standardized procedure used to isolate and
proliferate the poxviruses. The morphologic changes
(cytopathic effect) such as granulation, rounding,
shrinking, degeneration, and ballooning of the cells
represent the incidence of viruses in the monolayer of
different cell lines (Lawan et al. 2021). At first, primary
cells from lamb kidneys and testis were used to isolate the
Orf virus (Sun et al. 2022). Later, cells from ovine, cattle,
and caprine animals were chosen because they were better
at producing cells and supporting virus replication
(Galnbek et al. 2021). However, using primary cells has
problems like heterogeneity and limited virus
susceptibility. This is why researchers are looking to
continuous cell lines as an alternative way for isolation and
propagation of the Orf virus (Medina et al. 2024).

The CE virus typically grows in primary cell cultures
unless it is adapted to specific cell lines, which is quite a
challenging process. The adaptation of the CE virus to
primary cultures can be very difficult, and it may require
various passages before any visible effects can be seen
(Lawan et al. 2021). The fetal lamb skin, testes, and muscle
cells are suitable for isolating the CE virus, but once
adapted, they can support the growth of the virus only in
continuous cell lines. Alternatively, CE viruses can also be
grown in embryonated chicken eggs, causing different
pathological changes like oedema, haemorrhages, small
greyish white foci, the development, and thickening of
pock lesions in the egg's chorion-allantoic membrane
(Joseph et al. 2021; Lawan et al. 2021).

Several methods, such as electron microscopy, are used to
observe the parapoxvirus virus in skin biopsies that can
detect CE, but they might have certain limitations in
distinguishing the Orf virus (Lawan et al. 2021;
Tuppurainen 2022). Molecular methods, such as PCR, help
tomake an obvious and definitive diagnosis, while
histopathology and serologic tests, such as ELISA and
VNT, help for viral antigen detection (Prasad et al. 2024).
The methods used for the molecular and laboratory
diagnosis of ORFV are discussed in Table 1 given below:

Immunomodulatory Genes

It is well known that parapoxvirus (ORFV) can survive
many challenges to the immune reaction that is set off by
the host. ORFV can get around some of the body's immune
system because when it infects the mucocutaneous
epidermis boundaries, it instantly releases a number of
virulence proteins that weaken the host's defence (Kassa
2021). Because of this, the virus may eventually
use different immunomodulatory approaches to change,
avoid, or weaken the host's immune system. Some of the
main immune-modulatory genes (IMGs) that ORFV
encodes are OVIFNR, which stops the synthesis of proteins
by blocking an enzyme called dsSRNA-dependent kinase,
VEGF, GM-CSF inhibitory factor (GIF), chemokine
binding protein (CBP), and interleukin-10 (IL-10). These
virulent genes are mostly located in the terminal end of
each inverted terminal repeat (ITR) (Martins et al. 2021).
Researchers have shown that ORFV gets its IMGs and
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Table 1: Diagnostic Laboratory Methods for Contagious Ecthyma
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Animal Species Sample Collected Detection Diagnostic Lab Test References
Sheep Skin scraping, skin biopsies, B2L gene PCR (Ewies et al. 2024)
dried scabs, crusts
Sheep Blood serum Antibodies and B2L ELISA and PCR (Umitzhanov et al. 2024)
Sheep and Goats Skin Scabs B2L and VIR Genes PCR (Coradduzza et al. 2024)

Goats, Sheep,  Sera and scabs

Antibodies, B2L gene detection,

Protein A-ELISA,  (Lawan et al. 2021)

and human evaluation of ovoid shape particles IFAT, AGPT, EM,
(290-300 x 160 nm) and PCR
Goats Scabs FIL and B2L genes PCR (Mansoor et al. 2025)
Human Skin lesion Bricklike shape covered by a Electron microscopy (Cook 2022)
double-layered capsid
Human Scabs B2L, and Orf045 internal region gene PCR (Peralta et al. 2023)
Goats Scabs, sera, and buccal swab B2L and VIR PCR (Mansoor et al. 2025)
Goats Tissue, skin Scrapings B2L gene Real-time PCR (Yatoo et al. 2023)
Goats Serum B2L gene PCR (Zheng et al. 2024)
Goats and sheep Scab B2L PCR (Shehata et al. 2022)
Sheep Skin lesions ORFV-539, OVS, and OVA genes Virus isolation, PCR, (Lawan et al. 2021)
and real-time PCR
Goats Serum samples 1gG Indirect ELISA (Berguido et al. 2022)
Camel Skin biopsies B2L gene PCR (Shehata et al. 2021)
Goats and sheep Serum and scabs IgG and B2L gene ELISA and PCR (Nashiruddullah et al. 2022)
Goats Scabs B2L and A32L genes PCR (Mansoor et al. 2025)
Goats and sheep Serum IgM antibodies ELISA (Zhang et al. 2022)

immunomodulatory proteins (IMPs) from vaccinia viruses
and from interacting with its host over and over again. For
example, GIP, CBP, VIR, and dUTP came from vaccinia
virus’s homologue proteins, which in turn came from
ancestral poxvirus genes. So, the finding of genes that
change the immune system and proteins released by ORFV
may help explain how the virus avoids being killed by the
host's immune system (Bukar et al. 2021).

In addition to their therapeutic effects, IMPs play a big role
in how viruses cause disease and how strong they are. As a
result, these benefits would bring attention to the virus's
immunology, how it spreads, and possible ways to treat it.
However, intracellular viruses make immune-modulatory
proteins (IMPs), which manipulate the host's immune system
and stop cell interaction (Giilyaz et al. 2020).

Overview of Vaccines against ORFV

Vaccination is the most effective way to prevent outbreaks
of infectious diseases. Vaccines are synthetic or biological
formulations of immunogens (carbohydrates, proteins, and
lipids derived from microorganisms or other synthetic
sources) that elicit long-lasting immunogenic memory for
the antigen in the host when administered (Sam-Yellowe et
al. 2021). Thus, quarantine and prophylactic vaccination
are the most economical strategies for reducing the
utilization of antimicrobials in sheep and goats of all ages
infected with ORFV. Strict adherence to vaccination
protocols, implementation of comprehensive preventive
measures, including proper treatment of diseased animals,
and additional containment strategies like improved
sanitation appear to effectively prevent further
transmission of the disease (Siddique and Terrill 2025).

Live Attenuated Vaccines

Live attenuated vaccine contains the non-virulent form of
Orf virus, which will be injected in animal (Zhang 2021).
Consequently, recurrent infections should be treated with
ORFYV vaccines, and vaccinated goats or sheep should be
kept in isolation from unvaccinated animals. The
immunization of lambs and young animals that are devoid

of ORFV-specific antibodies within the initial week after
birth can result in substantial immunity (Bukar et al. 2021).
However, the scientific literature concerning the
advancement of vaccines and vaccination strategies in
response to ORFV infections is minimal. The current live-
attenuated vaccines designed to combat ORFV infections
fail to induce protective immunity against the virus
(Ravikuma et al. 2022; Kamboj et al. 2024). Hence,
currently available attenuated vaccines pose a significant
hazard of reverting back to their virulent state. The diverse
levels of vaccine failure necessitate a reassessment of many
determining factors, specifically proteins and genes
participating in the virulence and pathogenesis of the virus.
These factors may affect the safety and effectiveness of
current vaccines designed to combat ORFV infection
(Endale et al. 2022).

Genetically Modified and Recombinant Vaccines

The contagious Orf virus (ORFV) causes ecthyma, a skin
disease that affects animals and humans. A genetically
modified ORFV strain with two genes deleted, called
rGS14-ACBP-AGIF, was developed. It was tested on lambs
and shown to be completely safe and protective against a
virulent ORFV challenge. This makes it a good, promising
candidate for a vaccine (Zhu et al. 2022). The Orf virus
(ORFV) could be used to make vaccines and treat cancer
with viruses. Taking out the VEGF or CBP genes from
ORFV makes it less infectious and less dangerous,
especially the VEGF-deletion mutant. This highlights their
potential as attenuated vectors for clinical applications
(Yamada et al. 2023).

The limited host range of Orf virus (ORFV) makes primary
cells from natural hosts like goats and sheep ideal for
isolation and propagation. SV40 T antigen, a viral
oncoprotein, can extend the life span of cells, leading to the
transformation of fibroblast and testis cells (Patil and
Bihari 2022; Stricker et al. 2023). These cells, FBT and
GTT, show faster growth kinetics and lower serum
dependency compared to parental cells (Espinoza-
Hernandez et al. 2025). Their prolonged life span makes
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them ideal for ORFV isolation, pathogenesis studies, and
efficient vaccine development (Chen et al. 2025). ORFV
can be used as a therapeutic agent in vector-based
medicines to fight cottontail rabbit papillomavirus
(CRPV)-induced tumors. It is possible to make ORFV-
CRPYV recombinants that expressed early CRPV genes E1,
E2, E7, or LE6 (Helmold and Amann 2025).

Using CRISPR/Cas9 to add the S. aureus TRAP gene to a
weakened ORFV vector is a new way to make a vaccine
that shows promise for controlling both ORFV and S.
aureus at the same time with an effective gene expression
that has been shown in keratinocytes (Yu et al. 2023).
ORFV strain D1701-V as a novel vector for vaccine
development, allowing repeated immunizations and
enhanced humoral immune responses against inserted
antigens. However, cellular immunity to the ORFV vector
is negligible, while strong CD8+ T cell response is induced
against the inserted transgene (Miiller et al. 2022). This
highlights the ORFV strain D1701-V as an attractive vector
for vaccine development and outlines prerequisites for
selecting T cell epitopes for ORFV-based vaccines
(Helmold and Amann 2025).

Conventional and Autogenous Vaccines

Animal vaccination against ORF has a significant potential
benefit, particularly for big herds of sheep or goats (Bukar
et al. 2021). Some countries have manufactured many
kinds of conventional vaccinations. In the past, autogenous
vaccines were made without following appropriate
standard procedures. The Texas Agricultural Experiment
Station (presently known as Texas AgriLife Research) at
Sonora, Tex., in the 1930s in the United States created the
most famous and first ORF virus vaccination, which was
successful in reducing farm losses (Davis et al. 2024). The
Texas AgriLife Research contagious ecthyma vaccination
and the other contagious ecthyma vaccine that is
commercially available were found to be ineffective at
shielding goats against the wild-type contagious ecthyma
virus that infects goats. The fact that there are more goats
in Texas than ever before and that their breed has
dramatically changed from Angora to Boer cross goats may
have something to do with the apparent inadequacy of the
current infectious ecthyma vaccinations to protect goats.
To safeguard this growingly significant animal industry, a
contagious ecthyma vaccination is desperately needed
(Lawan et al. 2021).

The infectious ecthyma virus has been identified in over 40
strains. Goats are likely not always protected by sheep
contagious ecthyma vaccines because phylogenetic analyses
show that the viral strains that cause contagious ecthyma in
sheep and goats cluster on different branches of the genetic
tree (Lawan et al. 2021; Alam et al. 2024). This shows that
the contagious ecthyma virus strains in goats are more varied
than those in sheep, suggesting that contagious ecthyma
vaccines must be made using viral strains recovered from
goats in order to be effective in goats (Lawan et al. 2021; Zhu
etal. 2022; Alam et al. 2024).

After that, Colorado Serum Company, USA, created and
distributed a commercial Orf vaccine. A vaccination based
on cell culture has also been developed in Australia.
Nevertheless, the vaccine only provides four to six months
of protection in ewes and lambs. Germany has successfully
developed another cell culture-based vaccine by using the

Orf virus strain (Orf-V D1701) by an attenuation procedure
that results in mutations at the amino acid sequences of the
virus's crucial virulence coding protein (Lacasta et al. 2021;
Lu et al. 2022).

Scab-Derived Vaccines (Autogenous Vaccination)

To make autogenous vaccines, infected scab tissue from
recently infected animals is usually used. The tissue is then
ground up and mixed with a clean saline solution that
contains antibiotics (penicillin/streptomycin solution) (Cao
et al. 2022). After a simple mixture is made, target animals
are injected by scarification on their skin, primarily on the
inside of the thigh. The first widely available vaccine made
from scab material worked to protect against getting the
disease for two to three years. However, live, non-
attenuated vaccines have been linked to induce infection
when they are given, which was seen as a big problem
(Britzke et al. 2025).

Tissue Culture Vaccines

Tissue culture vaccines have been demonstrated to be
helpful in producing ORF virus-infected herds. To grow
OREF viruses, you can use both primary and continuous cell
lines, such as primary lamb testes (PLT), MDOK, Vero,
and MDBK (Poulinlu 2022). If the virus is passage through
these cells at least 10 to 50 times, it may become attenuated.
However, a wild-type ORFV may be attenuated in primary
chicken embryo fibroblast cells and subsequently used to
produce a live virus vaccination (Sohaimi and Clifford
2023).

ORFYV as Vaccine Adjuvant and Vector Platform

Orf virus (ORFV) strongly activates the immune system
and was tested as an adjuvant to help mice improve the
immune response to a porcine circovirus type 2 (PCV2)
subunit vaccine. ORFV, both inactivated and live
attenuated, greatly increased the activity of dendritic cells,
the production of cytokines, and the Th1/Th2 immune
reactions. It also decreased the amount of virus in the body
and the damage it caused to the lungs, showing that it could
be used as a novel vaccine adjuvant (Sun et al. 2024). The
virus contains a variety of immunomodulatory genes that
limit the immune system of the host and affect the
development of disease. The advent of the Orf viral
genome sequence allows for further study of this dynamic
process, which will yield valuable knowledge on virus
pathogenesis and the immunological response of the host's
skin to infection (Wang et al. 2023).

DNA and Subunit Vaccines

Rats had strong immune reactions to a DNA vaccine that
contained ORF virus protein and kisspeptin-54. This
suggests that it serve as a bivalent vaccine against the ORF
virus and for immunocastration. ORF viral protein is an
effective immunomodulator to provoke antibody responses
to kisspeptin-54; it could be used for powerful antibody
production (Ding et al. 2023). A DNA vaccine that
expresses ORFV FI1L and B2L genes was developed
alongside subunit vaccines containing F1L truncated
protein and B2L full-length protein. Immunization trials on
BALB/c mice revealed that the DNA prime-protein boost
approach generated higher antibody levels, enhanced
lymphocyte proliferation, and increased expression of key
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cytokines like IL-2, IL-4, IL-6, TNF-a, and IFN-y,
suggesting a mixed Th1/Th2 cytokine response. It indicates
that the DNA prime-protein boost method induces robust
humoral and cellular immune responses, potentially
effective in ORFV infection prevention (Wang et al. 2022).

Goat-Specific Vaccines

In the selection of a suitable strain of contagious ecthyma
virus for a goat vaccine, twenty-five goat kids were used
for vaccine development, with another hundred for efficacy
evaluation. Five viral strains were assessed, with strain
47CE chosen as the seed strain due to its favourable
vaccine-to-challenge scab ratio. The vaccine derived from
47CE effectively protected all vaccinated goats from wild-
type virus challenge, showing promise for improved goat-
specific protection against contagious ecthyma compared
to existing sheep vaccines (Zhu et al. 2022).

Mutant Vaccine Candidates

The primary method of controlling CE is through
vaccination, as there are no specific medications and
treatments available. A recently developed ORFV mutant
(rGS14ACBPAGIFA121) with a deletion in three genes has
exhibited complete safety and immunological protection in
goats. This mutant has shown remarkable advancements
compared to earlier strains, making it an outstanding
candidate for a vaccine (Shen et al. 2023). Orf virus,
derived from sheep lesions, was adapted to cell culture for
vaccine development. While traditional vaccine methods
showed efficacy, cell culture-adapted viruses initially
lacked effectiveness until a recent isolate proved
promising, indicating feasibility for a cell culture-produced
scabby mouth vaccine (Chandipwisa et al. 2025).
Limitations in Current ORFV
Vaccination

Despite decades of research, Orf virus (ORFV) vaccination
remains constrained by several limitations. Currently, only
live attenuated vaccines are commercially available, but
these carry a significant risk of reversion to virulence,
raising safety concerns for both animals and handlers (Tang
et al. 2025). Moreover, vaccinated animals often remain
susceptible to reinfection, largely due to genetic variation
among ORFV strains and the global movement of
livestock, which facilitates viral spread. Conventional
vaccine development strategies, such as tissue culture
adaptation, have shown limited success in providing long-
lasting protection. These shortcomings highlight the
pressing need for safer and more effective alternatives
(Aribi 2024).

Other challenges include the technical and economic
constraints associated with newer vaccine platforms.
Recombinant viral vectors can induce robust immune
responses, but their development is complex and costly
(Spunde et al. 2022). Subunit and peptide-based vaccines,
though safer and easier to manufacture, generally require
strong adjuvants to elicit protective immunity, while
nanoparticle-based vaccines remain in early experimental
stages, with issues of scalability and affordability yet
unresolved. Collectively, these limitations underscore the
gap between available vaccines and the requirements for
effective, sustainable disease control in small ruminants
(Petkar et al. 2021).

and Challenges

Novel and Future Perspectives in ORFV Vaccination
Recent advances in immunology and molecular virology
are paving the way for next-generation ORFV vaccines.
Insights into host—virus interactions have revealed that
while attenuated strains tend to suppress immune
responses, wild-type strains stimulate interferon pathways
regulated by STAT1 and STAT2, offering valuable targets
for novel vaccine design. Recombinant DNA technology
also allows the deletion of immunomodulatory genes (e.g.,
ORFV020, ORFV117, ORFV132), resulting in attenuated
viruses that provoke stronger immune responses while
minimizing the risk of uncontrolled infection. These
approaches represent a significant step toward designing
safer, genetically stable live-attenuated vaccines.

Beyond traditional methods, a variety of innovative
platforms are under investigation. Recombinant ORFV
vectors show promise not only as veterinary vaccines but
also in cancer immunotherapy due to their ability to
activate antigen-presenting cells and trigger robust CD8* T
cell responses. Subunit and peptide vaccines offer safety
and manufacturing advantages, while nanoparticle-based
systems can enhance antigen stability, protect against
degradation, and improve delivery to immune cells.
Additionally, immortalized ovine cell lines and optimized
production systems are improving scalability and quality
for vaccine manufacturing. Looking forward, the future of
ORFYV vaccination lies in integrating these approaches to
achieve vaccines that are safe, cost-effective, scalable, and
capable of eliciting durable protective immunity in diverse
livestock populations.

Conclusions

This review highlights the current challenges in vaccine
development. However, continuous advancements in
immunology indicate that new vaccines, which are both
safe and effective, will be developed in the near future.
There is currently significant progress in the development
of vaccines for previously untreated infections, thanks to
extensive research and study on antigens, vectors, and
adjuvants. CE is a widely spread health problem for the
even-toed ungulates and a big risk to the small ruminant
industry, with economic outcomes for humans. Frequent
re-infection of already infected animals, as well as inter-
and intra-species transmission, must be addressed in order
to implement proper control and preventative measures and
reduce economic losses caused by disease-related
damages. Setting up well-equipped animal health services
at different levels is also important for quick response to
disease.
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