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ABSTRACT: Preclinical in vivo studies are guided by established principles of good practice. The implementation 
of robust statistical methodologies is essential for minimizing bias in these studies. Vaccine research utilizing 

animal models involves specific experimental designs, requirements, and readouts that necessitate the 
consideration of multiple endpoints and often require longitudinal analyses across multiple time points. Although 

the application of parametric approaches can be challenging, these methods offer significant advantages over 

non-parametric alternatives, particularly by enabling the estimation of effect sizes and their corresponding 95% 
confidence intervals.  

 
Typically, the estimation of boost and adjuvant effects is performed using ANOVA (both one-way and two-way), 

and, when feasible, using repeated measures or mixed models that account for the animal as a random effect. 
Ensuring the validity of these models is essential, particularly by evaluating the normality of residuals, which can 

be problematic in the presence of small sample sizes and non-responders (i.e value below the LOQ or first 

dilution).  
 

Preclinical research is often constrained by a limited number of animals per group, in accordance with the 3Rs 
principle aimed at reducing animal use. This constraint poses challenges for maximizing the interpretability of 

results obtained from small sample sizes. To address this, we propose the use of Bayesian methods, which offer 

a probabilistic and more flexible framework for characterizing the distribution of parameters of interest, rather 
than relying solely on p-values.  

 
In contrast to frequentist approaches, which typically emphasize hypothesis testing and yield binary conclusions 

based on p-value—potentially leading to the exclusion of relevant groups due to arbitrary or overly stringent 

significance thresholds—Bayesian methods enable a more nuanced interpretation of data and integration of prior 
knowledge. These approaches allow researchers to quantify the probability of a true vaccine effect given the 

observed data, thereby supporting more informed decision-making.  
 

Our findings, based on the probability that the observed difference exceeds a predefined margin, demonstrate 
the advantages of this Bayesian approach, showing that parameter evaluation can yield meaningful probabilities. 

Overall, this method improves the interpretability of results in preclinical vaccine studies and enhances the use 

of in vivo data, enabling researchers to draw more informative conclusions. 
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