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Abstract

Objectives: In Shiga Prefecture, the third wave of a novel coronavirus infection (COVID-19) caused an im-
minent tightness of hospital beds. In this study, we constructed a mathematical model of infectious disease
to conduct a sensitivity analysis and evaluated the effectiveness of policy interventions and medical systems
management to avoid the shortage of hospital beds.

Methods: We extended the SEIQR model in the following two ways. (1) Patients who were quarantined
after confirmation of infection were divided into three categories: “hospitalization (severe),” “hospitalization
(moderate or mild),” and “accommodation treatment”. (2) The temporal change in infectiousness was intro-
duced as a correction factor from the distribution of the serial interval. Using this model, we conducted the
sensitivity analysis to evaluate the influence of three parameters, effective reproduction number, duration
of hospitalization, and accommodation treatment rate, on the occupancy rate of hospital beds for COVID-19
patients in the third wave.

Results: The model calculated the number of infected and hospitalized patients with good accuracy in Shi-
ga Prefecture. The accuracy of the effective reproduction number was greatly improved compared to the
conventional SEIQR model. In the third wave, the maximum occupancy rate of hospital beds in Shiga Pre-
fecture exceeded 90%, resulting in a very tight situation. Our analyses showed, however, that the tightness
of hospital beds could be alleviated to a certain extent by early policy interventions, reducing the length of
hospital stay, and increasing the use of accommodation sanatoria. In particular, a reduction in the effective
reproduction number, even for 10 days, might have reduced infected patients significantly.

Conclusion: This study has enabled to estimate the effect of measures against COVID-19 spread to allevi-
ate the shortage of hospital quantitatively. Because COVID-19 patients are hospitalized in their respective
prefectures, each local government should consider the timing and extent of policy interventions based on
the model and precise effective reproduction numbers to avoid medical collapse.

keywords: COVID-19, Mathematical Model of Infectious Disease, Shiga Prefecture, Medical System, Sensi-
tivity Analysis
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