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• As a rule, the majority of plague vaccine candidates are developed on the basis 
of the two antigens that are highly protective for mice, F1 and V, which protect 
other animal species to a lesser extent [13]. The F1-V fusion protein vaccine 
protected cynomolgus macaques, but largely failed to protect African green 
monkeys [30], raising concerns that humoral immunity targeting F1 and V might 
be inadequate in protecting people from pneumonic plague. According to Li et 
al., in the case of post-infection immunity, the seroprevalence to the F1 
antigen in all patients recovered from plague was 78.5% [Li, B. et al. Vaccine 
Immunol. 2012, 19, 228–234], while in the case of the V antigen it was only 
28.6% [Li, B. et al. Microbes Infect. 2008, 10, 45–51].



Complete protection against challenging with 106 CFU of virulent 
Yersinia pestis strain 141 was observed for mice immunized with the 
subunit vaccines and EV76 vaccine. In contrast, the subunit vaccine 
recipes VII (F1-20 μg + rV270-10 μg) and IX (F1-40 μg + rV270-20 μg) 
and EV76 vaccine provided 86%, 79% and 93% protection against the 
same level of challenge in guinea pigs and 100%, 83% and 100% 
protection in rabbits, respectively. The immunized mice with the 
vaccines had significantly higher IgG titres than the guinea pigs and 
rabbits, and the immunized guinea pigs developed significantly higher 
IgG titres than the rabbits, but the anti-F1 response in guinea pigs was 
more variable than in the mice and rabbits, indicating that guinea pig is 
not an ideal model for evaluating protective efficacy of plague subunit 
vaccine, instead the rabbits could be used as an alternative model. All 
the immunized animals with EV76 developed a negligible IgG titre to 
rV270 antigen. Furthermore, analysis of IgG subclasses in the 
immunized animals showed a strong response for IgG1, whereas those 
receiving EV76 immunization demonstrated predominant production 
of IgG1 and IgG2a isotypes. The subunit vaccine and EV76 vaccine are 
able to provide protection for animals against Y. pestis challenge, but 
the subunit vaccines have obvious advantages over EV76 in terms of 
safety of use.

https://www.sciencedirect.com/topics/immunology-and-microbiology/immunoglobulin-g1
https://www.sciencedirect.com/topics/immunology-and-microbiology/immunoglobulin-g2a
https://www.sciencedirect.com/topics/immunology-and-microbiology/isotype


The outcomes of bacterial infections and the immune response to bacterial vaccines are highly 
variable in different animal species and even in diverse intraspecies groups [34–36]. At least a 
partially successful solution to this problem is generated by replacing very popular inbreds of one 
mammalian species with outbred biomodels of two or three species [2,37,38], or with carefully 
selected panels of several inbreds [39]. Both of these approaches aim to reproduce the diversity of 
clinical pictures and immune responses detected in the natural animal and human populations. 
However, this approach will only provide an understanding of what proportion of the immunized 
remained unprotected, but in no way will protect seronegatives and/or T cell-negatives. To ensure 
the protection of that part of the immunized that does not respond to the antigens already included 
in the vaccine, it is necessary to introduce into the vaccine composition of conservative protective 
antigens, characterized by minimal polymorphism of their molecular structure and epitopes, as well 
as the uniformity of the protective immune response in different genotypes of immunized 
individuals.
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