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Considerations of in vitrro methods to alternate in vivo methods for
vaccine potency determination

ZHANG Yuan', CHEN Gang’, TAN De-jiang"

(1. National Institutes for Food and Drug Control, Beijing 102629, China; 2. Shanghai Institute for Food and Drug
Control, Shanghai 201203, China)

Abstract: This article focuses on the methods for determining vaccine potency, especially the feasibility and
challenges of replacing traditional in vivo methods with in vitro methods, as well as related considerations. The in
vivo method for determining vaccine potency has been used for a long time for vaccine quality control, but it has
problems such as high variability, low experimental efficiency, and animal ethics issues. With the 3R principle and
technological progress, in vitro methods have gradually become a trend to replace in vivo methods. /n vitro testing
methods have advantages in evaluating the consistency of vaccine production and monitoring changes during the
production process, and can more effectively evaluate the stability and immune effects of vaccines. Although the
mechanisms of in vitro and in vivo methods are different, and the quality control attributes of the two methods are
not completely consistent, in vitro methods can still effectively replace in vivo potency assays, especially for
quality control during the early stages of vaccine development. Common in vitro alternative methods include
immunoassay, physicochemical analysis, and molecular biological assay. The selection of appropriate methods
depends on the type of vaccine and its mechanism of action. In addition, the article emphasizes that the
establishment of in vitro methods should be included in the vaccine development process as early as possible, and
ensure its stability, reproducibility, and correlation with clinical efficacy. Although the promotion of in vitro
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alternative methods faces challenges, with technological progress, it is expected to further replace animal

experiments in the future, improving the efficiency and ethicality of vaccine quality control.
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Table 1 Comparison of in vivo and in vitro methods for vaccine potency determination

Characteristics In vivo method

In vitro method

Sensitivity
living organisms.
Specificity
environmental factors.

Reproducibility Lower, results are affected by individual animal differences
and experimental conditions, leading to higher variability.

Experimental Longer, involving animal breeding, vaccination, observation,

duration and other time-consuming steps.

Cost Higher, involving costs related to animal breeding,
experimental operations, and ethical reviews.

Ethical

considerations  aligning with the 3R principles (replacement, reduction,
refinement).

Applicable Suitable for evaluating the overall immune response of

scenarios

Limitations Results are significantly affected by individual animal
differences, making it difficult to precisely control
experimental conditions.

Regulatory Traditional methods, widely accepted but gradually being

acceptance replaced by in vitro methods.

High, capable of reflecting the overall immune response in

Lower, influenced by individual animal differences and

High, capable of detecting subtle changes in specific antigens or
antibodies, but limited in simulating complex immune responses.
Higher, capable of precise detection of specific antigens or
antibodies with minimal external interference.

Higher, experimental conditions are controllable, results are more
stable, and variability is lower.

Shorter, simplified experimental procedures, and faster results.

Lower, relatively lower costs for materials and equipment, and no
expenses related to animal experiments.

Involves animal experiments, raising ethical concerns and not ~ No animal experiments required, aligns with the 3R principles,

and has fewer ethical concerns.

Suitable for monitoring production consistency, detecting antigen

vaccines, especially for simulating complex immune reactions. content, and assessing specific immune responses.

Limited ability to simulate complex immune responses, and
potential interference in detecting certain vaccines (e.g.,
adjuvanted vaccines).

Increasingly accepted by regulatory agencies but requires
rigorous validation to ensure correlation with in vivo methods.
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