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Introduction
Clinical trials of vaccines are divided into stages I, II, Ⅲ and IV. The 
Phase I trial is mainly safety and may be immunogenicity. Phase II 
trials are further tests on human safety and immunogenicity, and phase 
Ⅲ studies are often a field evaluation of direct protection effects and 
further accumulate safety data. Among them, the phase I, II and Ⅲ 
clinical trials should be completed before the official marketing, mainly 
used to study the protective effects and risks of vaccines, and to provide 
reliable data support for the listed review.
At present, phase Ⅲ trials usually divide a large number of people into 
control groups and vaccination groups to obtain the incidence of the 
control group and vaccination group, and then calculate the protection 
rate as the protection effect of vaccination [1]. Eligibility criteria are 
the current evaluation indicators of vaccine protection effect of 50% 
or greater.
The phase Ⅲ vaccine trial is a field evaluation. According to Wang 
Ruyun analysis of the protection rate of phase Ⅲ trials of COVID-19 
vaccine, local protective measures (public health measures) have a 
great impact on the current vaccine protection rate [2]. The current 
vaccine protection rate is not suitable for evaluation of COVID-19 
vaccines. The definition of comprehensive protection rate was given 
and its feasibility as an evaluation indicator of vaccine protection effect 
was studied.
Based on the study of phase Ⅲ trials of COVID-19 vaccines, we 
further studies on the impact of public health measures on phase 
Ⅲ trials of general vaccines. The magnification of incidence bias to 
existing vaccine protection bias was derived. This magnification is 
directly controlled by the public health protection rate, the greater 
the public health protection rate, the greater the magnification times. 
It reveals the internal mechanism that the current vaccine protection 
rate is not suitable for the evaluation of vaccines. Data from existing 
phase Ⅲ clinical trials of COVID-19 vaccines also strongly suggest 
that the public health protection rates of current vaccines with high 
protection rates in phase Ⅲ trials are generally low; and vaccines tested 
in areas with high rates of public health protection often have low 
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in formula (1) does not take into account whether the volunteers were 
exposed to public health measures. Public health measures generally 
refer to wearing masks, washing hands frequently and keeping a safe 
distance. However, when comparing vaccine protection rates between 
different countries in the world, public health measures should also in-
clude objective factors such as population density, climate and natural 
environment that have protective effects on human beings.
Therefore, it is an important issue to study whether the protection rate 
of phase Ⅲ vaccine trials will be different in different public health 
environments, that is, whether public health measures will have an 
impact on the current vaccine protection rate.
In order to facilitate the study, the definition, calculation formula and 
calculation method of protection rate of public health measures are 
given according to formula (1).

Assuming that the local incidence rate before and after the adoption of 

public health measures is nr  and pr , 
 
then the formula for calculating 

the protection rate of public health measures is

Definition of vaccine protection rates before and after the 
introduction of public health measures and the Comprehensive 
protective rate: If phase Ⅲ vaccine trials are conducted in an area 
where no public health measures are taken and the number of cases in 
the control group and the vaccination group are respectively marked 

as, ncm /  and nvm / , then the incidence rates in the control group and the 
vaccination group are respectively

Here m is the number of people in each group.

The corresponding formula for Vaccine protection rate nvb /   in areas 
where no public health measures have been taken is

If phase Ⅲ vaccine trials are conducted in areas with public health 
measures and the number of cases in the control group and the 

vaccination group are denoted as pcm /   and pvm /  , then the incidence 
rates in the control group and the vaccination group are respectively

The corresponding formula for vaccine protection rate pvb /  in areas 
where public health measures have been taken is
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Under the premise of pvb +  being identified as the evaluation Indicator of 
the protective effect of different vaccines in phase Ⅲ trials, a judgment 
method with significant protective effect is presented here. 
Assuming that the comprehensive protection rate calculated in the 
region where the phase Ⅲ vaccine trial is 0pvb + , and the protection rate 
of public health measures in the region where the vaccine is to be 
inoculated is 1pb , we use 

 10 ppv bbI −= +

As the significance test index of vaccine protection. When ε≥I , the 
vaccine was considered to have significant protective value, and 

)10( ≤≤ εε   is the threshold. How to determine an appropriate 
threshold   involves local political, economic and other issues, which 
will not be studied here. 
Based on the above analysis of evaluation indicators for phase Ⅲ 
vaccine trials and discussion of vaccine selection criteria, the process 
of thevaccine selection in each region is suggested as follows: 
Step 1: Calculate the significance test index I  for the vaccine in the 
area. When ε≥I , the vaccine was considered to have a significant local 
protective value.
Step 2: Select the most suitable local vaccine product for vaccination 
based on 0pvb +  of the vaccines that have passed the significance test 
index.
Conclusion
Based on the above theoretical analysis and relevant data verification 
on the phase Ⅲ trial of COVID-19 vaccine, we obtained the following 
conclusions:
The current vaccine protection rates and eligibility criteria for tested 
vaccines are heavily influenced by public health measures in the 
region where the phase Ⅲ vaccine is being tested, and therefore are 
not suitable as indicators for evaluating the effectiveness of protection 

between vaccines and eligibility criteria for testing vaccines. 
1. It is suggested to use the comprehensive protection rate as 

the evaluation indicator of the effectiveness of inter-vaccine 
protection. 

2. It is recommended to first test the significance of vaccine 
protection effect, and then compare the overall protection rate to 
determine which company to vaccinate in each region.
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