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Abstract Understanding how effective protective memory responses are produced in coccidiosis and how to design a
successful anticoccidial vaccine are long goals in the coccidiosis research area. This study summarizes research
progresses in the last 50 years and pinpoints possible directions to guide novel anticoccidial vaccine design. The
assumption and new strategy are based on the three key points of generating efficient protective memory immune

response, namly, threshold, effect site and time of generating protective immune level. The results show that:
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1) Differences should be noted between the immune responses induced by infections and antigens delivered either as
recombinant proteins, DNA or live vectors. Live oocysts vaccine can induce protective memory immune responses.
rendering the infected hosts to a ‘Primed’ immune state (that is, the immune system can quickly and efficiently
recognize hundreds of coccidian antigen and have higher resistance to reinfection by coccidia) ; Non-live oocyst vaccine
may fail to develop protective memory responses, and the vaccinated hosts are in immune “Naive’ state (that is, the
immune system can only recognize one or several specific coccidian antigens, and its ability ro resist reinfection by
coccidia is not effective to resist pathogen infection). This also explains the limited success achieved in developing
new anticoccidial vaccines. 2) The primed immune state originated from multiple players, including tissue resident
memory cells (Tew) s circulating effector memory T cells (Tew) s central memory T cells (Tew) s etc. s which can inhibit
the infection at an early stage. How to develop vaccines inducing effective memory cells, especially Tgy cells which
populate the front line of coccidia infection, is key to achieve primed immune states for vaccinated hosts. Targeting
antigen-experienced DCs to the gut offers a tremendous potential. 3) Inhibiting early schizogenesis of coccidian is an
important feature of a ‘primed” host to resist coccidiosis. which provides a new idea for evaluating high-efficient

coccidian vaccine. In summary, only when we fully understand how to achieve the ‘primed’ immune state after
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infection or vaccination, can the scientific prevention and control of coccidiosis be realized.
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(a) In naive chickens, after immunizing chickens with subunit vaccine and DNA vaccine, intestinal reinfection of chicken
coccidia requires a long time to generate protective immune response. Limited involvers, including NK cells, ILCI,
macrophages, dendritic cells and IFN-Y, cannot suppress the schizogony of numerous sporozoites, thus may first generation of
schizonts are present. (b) In primed chickens, the memory protective immune response induced by chickens immunized with live
oocysts vaccine can inhibit the early development of sporozoites. First, the specific antibody of chicken coccidia can neutralize,
opsonize and lysis the sporozoites before invading host cells with the help of innate immune effector cells and complements.
Second and most importantly, the sporozoite antigen activates intestinal D cells, recruits tissue resident memory cells (Tgrum) »
circulating effector memory cells (Tgm) and central memory T cells (Tewm) that exits in the intestinal microenvironment for a
long time, and all participate in the early defense of Eimeria in a faster manner. The memory T cells will rapidly produce
IFN-7. The CD4 " T cells produced by the initial immunization will better maintain the memory CD8" T cells. Such multiple
effective immune factors work in concert to jointly inhibit the development of the first generation schizonts of sporozoites in the

intestinal epithelium or crypt, thus resisting the reinfection of coccidia and generating complete protection.
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Fig. 1 Diagram of protective immune responses to anticoccidial infection

after immunization with different type of coccidian vaccines
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