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In this work, we show a deep revision of the viral vector vaccines that have been developed to counteract bluetongue
virus (BTV), an arthropod-borne disease that whips domestic and wild ruminants. We analyzed the main advantages and
disadvantages of every of them, as well as the immunological features and efficacy that these candidates provided in both
murine models and natural hosts.
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| 1. Introduction

Bluetongue virus (BTV) is a virus classified under the genus Orbivirus, within the family Reoviridae, and is transmitted via
biting midges of the genus Culicoides. BTV is the causative agent of bluetongue (BT), a noncontagious arthropod-borne
viral disease that affects both wild and domestic ruminants . Certain breeds of sheep, especially fine-wool European
breeds, and some species of wild ruminants, such as white-tailed deer, are the most commonly affected hosts, as they
can show significant mortality rates Bl whereas cattle, goats, and the majority of wild ruminant species are usually
asymptomatic. Nonetheless, cattle can be clinical upon infection (specially by BTV-8) 4! and, along with goats, can act as
reservoirs for virus transmission from infected animals to other susceptible ruminants.

BTV virion is a non-enveloped icosahedral particle composed of three concentric protein capsid layers that surround a
segmented genome B8, Ten linear double-stranded RNA genome segments (S1 to S10) encode for seven structural
(VP1-VP7) and five nonstructural proteins (NS1-NS5) &, The outer capsid layer contains two major proteins, VP2 and
VPS5, which are involved in cell attachment and membrane penetration, while the core is made up of the surface VP7 shell
and the underlying VP3 layer . Inside the core, there are transcriptase complexes formed by three minor enzymatic
proteins, VP1, VP4, and VP6 LI The segmented nature of the BTV dsRNA genome enables the reassortment of
genome segments when different serotypes or strains infect the host cell simultaneously 2213 playing an important role
in generating viral diversity. To date, 29 distinct serotypes of BTV, some of which are considered putative (serotypes 27—
29) L415I16] have been identified all over the world 2411281 except in Antarctica.

BTV causes severe economic losses that are associated with its considerable impact on animal health, both direct such
as weight loss, reduced fertility rate, reduced meat and milk production efficiency, and death, and indirect like lost revenue
and trade restrictions A8 To minimize these losses, vaccines have emerged as the most effective prophylactic
measure to control BT disease and to potentially interrupt the cycle from the infected animal to the hematophagous vector.
The focus of most current BTV vaccine research is on neutralizing antibody-based approaches; however, these are
serotype specific. In fact, the specificity of interactions between BTV outer capsid proteins and neutralizing antibodies
(Nabs) determines the identity of the BTV serotypes 1229 Cytotoxic T lymphocytes (CTLs) also play an important role in
protective immunity against BTV; particularly, cell-mediated immune responses against nonstructural proteins are likely to
be crucial in protecting against heterologous BTV serotypes [2122123124] However, antibody and CTL-based protection
largely depends upon the nature of the vaccine platform applied. Typically, inactivated and subunit vaccines stimulate
mainly antibody-based mechanisms, but they are poor stimulators of CTLs. On the other hand, live-attenuated and
vectored vaccines may be potent inducers of both antibodies and CTLs 22, Although inactivated vaccines are safer and
can limit BTV dissemination, they cannot address the need for cross-protection among the different serotypes and do not
allow for the distinction between infected and vaccinated animals (DIVA strategy). Live-attenuated vaccines (LAVs) have
been widely used to control BTV in the past 28, However, they are associated with teratogenicity, reversion to virulence,
viremia that allows transmission to the insect vector, and risk of reassortment events with virulent wild-type viruses, giving
rise to new virulent strains 4. Recently, new strategies such as LAV based on reverse genetics 28123 and viral vector
vaccines have been designed to avoid these drawbacks.



| 2. viral Vectors for Vaccine Applications

Viral vectors are regarded as potential tools for gene therapy and vaccine development. Their utility is predominantly
based on the ability of viruses to infect cells, and the main advantages offered by viral vectors for vaccine development
can be summarized as follows: (a) highly efficient gene transduction, (b) highly specific delivery of genes to target cells,
(c) transient antigen expression, and (d) induction of robust immune responses, maintaining strong humoral immune
responses and enhancing cellular immunity B, A successful presentation and delivery of antigens are crucial for inducing
immunity and lifelong protection. Recombinant viral vectors have a potential for prophylactic use because they enable
intracellular antigen expression and induce robust CTL response, leading to the removal of virus-infected cells. They are,

therefore, ideal shuttles for delivering foreign proteins and also induce immune response by mimicking natural infection
[30]

In addition, some attributes, such as the achievement of stable insertion of coding sequences into the genome, the
aforementioned induction of a protective immune response, a proven safety record, and the potential for large-scale
production, are required in order to qualify as a vaccine vector.

Multiple vnruses have been used as vaccine viral vectors, ranging from very complex large DNA viruses such as
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