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Research design for evaluating long—term vaccine effectiveness based on

extended test—negative design under fixed study duration model

SHU Ting", ZENG Xiang—yan, FENG Jun-ling, WANG Ling
“Department of Health Statistics, Military Preventive Medicine, Air Force Medical University, Xi’an, Shaanxi 710032, China
Abstract: Objective To explore a suitable research design for evaluating the long —term effects of vaccines, taking into
account the heterogeneity caused by individual susceptibility, vaccination status, vaccination timing, and the confounding
effects of healthcare—seeking behavior. Methods This study employed a Monte Carlo simulation method to extend the Test—
Negative Design (TND), considering constant vaccine efficacy and two types of time—dependent vaccine efficacy under a fixed
study duration model. A multivariable logistic regression model and a semi—parametric generalized additive model based on
restricted cubic splines were constructed to evaluate the long—term effects of vaccines. Results When only considering
changes in vaccine efficacy, the estimated vaccine effectiveness (VE) curves from both models accurately fit the actual decay
trend of VE, being only slightly higher than the true VE (approximately 1%—-3%). The VE curves were minimally affected by
vaccination rates, the mean probability of influenza-like illness in the entire population, and the probability of influenza-like
illness in the vaccinated population. Conclusion The extended TND under a fixed study duration model provides a feasible
new approach for evaluating long—term vaccine effectiveness, with the potential for application to other types of vaccines.
Both models demonstrated good fitting performance over time with no significant differences. However, further exploration is
needed to comprehensively consider other heterogeneous influencing factors and to conduct simulation experiments with the
extended TND after group assignment.
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Figure 1 Schematic diagram of extended TND evaluation of vaccine effectiveness
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Figure 3 Simulation flow chart
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