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In this study, we extended the theory of basic reproduction number, a key
concept in the mathematical modeling of infectious diseases, to general time-varying environments.
We proved that the RO plays a role as a threshold value for disease invasion and extinction in
time-heterogeneous environments. For time-periodic systems, it can be shown that the supercritical
condition RO>1 implies the existence of a positive periodic solution. Second, we extended the Aron
model to include the effects of decaying and boosting host immunity, and showed its basic properties

and the possibility of subcritical endemic steady state. Third, we developed an epidemic model to
consider the effects of massive testing and quarantine, and proved that social distance, massive
testing, and quarantine are effective methods for controlling the epidemic of COVID-19.

COVID-19



1980

HIV/AIDS

10
""Age-Structured Population Dynamics 1in Demography and

Epidemiology™® 2017

HIV

RO
(J. Math. Biol. 65, 309-348,
2012).
RO

RO



RO

RO>1
€y
Thieme
[2]
@
SIRS SIRS
SIR SIRS

SIR



RO>1 [RO-1]
RO>1

[5]

®

(boosting) 1980
3

(11, 3D

(4) 2019



[4]

[1] K. Okuwa, H. Inaba and T. Kuniya. Mathematical analysis for an age-structured
SIRS epidemic model, Math. Biosci. Eng. 16(5), (2019), 6071-6102.

[2] H. Inaba, The basic reproduction number RO in time-heterogeneous environments,
J. Math. Biol. 79, (2019), 731-764.

[3] M. Martcheva and H. Inaba, A Lyapunov-Schmidt method for detecting backward
bifurcation in age-structured population models, J. Biol. Dyn. 14(1), (2020), 543-
565.

[4] T. Kuniya and H. Inaba, Possible effects of mixed prevention strategy for
COVID-19 epidemic: massive testing, quarantine and social distancing, AIMS Public
Health 7(3), (2020), 490-503.

[5] K. Okuwa, H. Inaba and T. Kuniya, An age-structured epidemic model with boosting
and waning of immune status, Math. Biosci. Eng. 18(5), (2021), 5707-5736.



12 11 5

K. Okuwa, H. Inaba and T. Kuniya 18(5)
An age-structured epidemic model with boosting and waning of immune status 2021
Mathematical Biosciences and Engineering 5707-5736
DOI
10.3934/mbe .2021289
R. Oizumi and H. Inaba 16(9)
Evolution of heterogeneity under constant and variable environments 2021
PLoS ONE -
DOI
10.1371/journal .pone.0257377
Nicolas Bacaer, Hisashi Inaba and Ali Moussaoui -
Un modele mathematique pour une transition demographique partielle 2021
Revue Africaine de la Recherche en Informatique et Mathematiques Appliquees -
DOI
30(1)
2020
14-21
DOI

10.11540/bjsiam.30.1_14




56

2020
51-59
DOl
10.24454/jps.2003004
M. Martcheva and H. Inaba 14D
A Lyapunov-Schmidt method for detecting backward bifurcation in age-structured population 2020
models
Journal of Biological Dynamics 543-565
DOl
10.1080/17513758.2020.1785024
T. Kuniya and H. Inaba 7(3)
Possible effects of mixed prevention strategy for COVID-19 epidemic: massive testing, 2020
guarantine and social distancing
AIMS Public Health 490-503
DOl
10.3934/publicheal th.2020040
S. lwanami, K. Kitagawa, H. Ohashi, Y. Asai, K. Shionoya, W. Saso, K. Nishioka, H. Inaba, S. 18(7)
Nakaoka, T. Wakita, 0. Diekmann, S. Iwami and K. Watashi
Should a viral genome stay in the host cell or leave? A quantitative dynamics study of how 2020

hepatitis C virus deals with this dilemma

PLoS Biology

DOl
10.1371/journal .pbio.3000562




Nicolas Bacaer, Fredric Hamelin and Hisashi Inaba

119

De nouvelles proprietes du pic epidemique 2021
Quadra-ture, EDP Sciences -
DOI
Nicolas Bacaer, Hisashi Inaba and Ali Moussaoui 32
Un modele mathematique pour une transition demographique partielle 2021
ARIMA -
DOI
10.46298/arima.6713
K. Okuwa, H. Inaba and T. Kuniya. 16(5)
Mathematical analysis for an age-structured SIRS epidemic model 2019
Mathematical Bisciences and Engineering 6071-6102
DOI
10.3934/mbe .2019304
H. Inaba 79
The basic reproduction number RO in time-heterogeneous environments 2019
Journal of Mathematical Biology 731-764

DOl
10.1007/s00285-019-01375-y




11 6 5

Hisashi Inaba

Age-structured epidemic models with boosting and waning of immune status

Online International Symposium on Recent Trends in Differential Equations: Theory, Computation and Applications

2021
CovID-19,
2020
COVID-19
2020
2020

72

2020




COVID-19

2020

Hisashi Inaba

Age-structured epidemic models with boosting and waning of immune status

Modeling infectious disease: COVID-19 and beyond

2020

H. Inaba

Age-structured SIS epidemic model in a periodic environment

Innovative Mathematical Modeling for the Analysis of Infectious Disease Data

2019

H. Inaba

An age-structured epidemic model for the demographic transition

Computational and Mathematical Population Dynamics 5

2019




71

2019

The basic reproduction number RO in time-heterogeneous environments

2019

H. Inaba

The basic reproduction number RO in time-heterogeneous environments

The 7th China-India-Japan-Korea International Conference on Mathematical Biology

2019

2020

342




2019

292

University of Florida

IRD

Utrecht University




