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Abstract

Influenza is a highly contagious indoor airborne infectious disease, leading to
severe morbidity and mortality worldwide annually. The potential human to human
transmission is primarily contributed to the influenza epidemic. The high infection
risk may associate with the infection on human respiratory tract. The objective of this
study was to develop a framework for assessing population transmission dynamics,
infection risk, and controllable ratio for indoor exhaled/inhaled influenza droplets.
This study used human respiratory droplet experimental data to reconstruct the
influenza droplet size distribution. The compartmental
susceptible-infected-recovery-environment model was used to simulate the dynamics
of population transmission and to estimate basic reproduction number (Ro). This study
also established the influenza droplet inhalation and human respiratory tract models to
assess inhalation and deposition of influenza droplets. A dose-response model linked
with a probabilistic risk assessment approach was used to analyze influenza infection
risk. To define an optimal control strategy for influenza in indoor environments, this
study constructed a control model in terms of Ry, asymptomatic infectious proportion
(6) and control measure efficacy (ex). This study also examined the treatment efficacy
after using antivirus drug on reducing influenza infection risk. The Weibull threshold
model was used to estimate the viral titer threshold (y) at mild symptom. The results
indicated that the mean diameters of influenza droplet were 0.34 and 7.68 pum for
coughing and sneezing, respectively. Ry values were 1.68 (95% CI: 0.34 — 6.31), 2.29
(0.66 — 7.48), and 4.17 (1.17 — 14.86) for droplet nuclei(0.3 — 1 um), small droplet(1 —
10 pm), and large droplet(10 — 100 pm), respectively. The equilibrium inhaled
influenza droplet concentrations were 1.01x10* (4.35x10° — 2.37x10%, 1.83x10"

(7.97x10% — 4.14x10%, and 447 (199 — 988) pathogen ml™ for droplet nuclei, small



droplet, and large droplet, respectively. This study showed that indoor influenza
droplets are more likely to pose infection risk in upper respiratory tract. This study
also implicates that a proper control measures and antiviral drug could effectively
control indoor influenza droplets. The threshold simulation indicated that indoor
influenza epidemics were not outbreak for the infected individual with mild symptom.
This study provides a novel risk assessment and control framework to better assess
indoor influenza infection risk from a dynamic modeling point of view.
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