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Abstract Currently, viral vector vaccines have achieved commercial success in both human and veterinary
medicine, while bacterial and parasitic vector vaccines, despite progress in basic research, have yet to
overcome industrialization bottlenecks. The core challenge lies in the urgent need for theoretical innovation and
technological breakthroughs in vector system design and optimization. This study focuses on the Eimeria-based
vaccine vector system, originally proposed by Chinese researchers, and systematically elucidates the molecular
design principles, optimization strategies, and immune-enhancing mechanisms of eukaryotic parasitic vectors.

Key findings include: 1) The efficacy enhancement of eukaryotic vector vaccines can be summarized as the “One
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Body, Two Wings” project. The unique biological and immunological characteristics of Eimeria parasites serve

as the foundation for its development as a eukaryotic vector vaccine, forming the “main body” of the project.

2) The design and optimization of both the Eimeria vector itself and heterologous antigens expression pattern,

guided by cutting-edge theories and technologies, constitute the “two wings” for enhancing the efficacy of vector

vaccines. 3) Vector-antigen synergistic optimization is an integrated approach that significantly strengthen the

host’s protective immune response elicited by eukaryotic vector vaccines. In conclusion, Eimeria demonstrates

feasibility as a eukaryotic vaccine vector. With the integration of genetic editing, synthetic biology, computational

vaccinology, and delivery technologies, the Eimeria vector system holds promise for translational applications

in livestock disease prevention and control, while also serving as a reference for the development of other

eukaryotic vector vaccines.

Keywords vector vaccine; Eimeria; design and optimization
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“One Body” refers to the biological and immunological foundation of Eimeria as a vaccine vector, i. e. , the advantages of the vaccine vector, including:
1) High biosafety : Eimeria exhibits strict host specificity, causes self-limiting infections, and forms parasitophorous vacuoles within host cells, ensuring
high biosafety'®!; 2) Strong immunogenicity: Eimeria is ahighly immunogenic parasite capable of inducing comprehensive immune responses, encompassing
humoral immunity, cellular immunity, and mucosal immunity"'”’; 3) High genomic carrying capacity: As a eukaryote, Eimeria has a relatively large genome
(55-60 Mbp), encoding approximately 8 000-9 000 genes, providing substantial capacity for carrying heterologous antigen genes 2! Tt also enables
post-translational modifications to maintain the native conformation and immunogenicity of expressed antigens'*; 4) Convenient immunization: Recombinant
Eimeria-based vaccines can be administered orally (e. g. , via drinking water, feed mixing, or spray) or through in ovo inoculation, saving time and effort"*’.
Additionally, the fecal-oral route allows repeated immunization, enabling auto-boosting and enhancement of heterologous antigen-specific immune
responses' ™1 “Two Wings” refers to the dual emphasis on vector optimization and antigen design when engineering recombinant Eimeria vaccine vectors,
including: Optimization of transfection and selection systems, enhancement of vaccine vector performance, regulation and design of antigen expression
pattern, and novel strategies to improve antigen immunogenicity.
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Fig. 1 The “One Body, Two Wings” theory of design and optimization for Eimeria-based vaccine vector development
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