Development of /n Silico Human Model for Airborne Transmission Analysis

in Indoor Environment
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Toward in silico modeling-based replacement of in vivo and in vitro experiments
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Development of in silico experiments that can complement in vivo and in vitro experiments for human volunteers or animal models

In silico human model development platform for Indoor Environmental Design
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Numerical Models required for Airborne Transmission Analysis

(1) Modeling of generation and exhalation
mechanism of virus-laden droplet (VLD)

(2) Transport dynamics of VLD that reach the
epithelial tissue in respiratory tract via indoor air

Euler-Lagrange Analysis of virus laden droplet
+ Particle Deposition Analysis (Hot-Spot in

g
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Airway)+ Mucus Transport 7! ~

(3) Development of Bio-regulation model that describe
Host Cell Dynamics associated with Infection
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In Silico human for
Inhalation Exposure and Airborne Airway Infection

[1] Chemical Compounds

PBPK/TK (Physiologically Based
Pharmaco/Toxico Kinetics) for
Inhalation Exposure

(Mucosa + Epithelium)
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[2] Virus/Bacteria
HCD (Host Cell Dynamics) for
Airborne Airway Infection
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(Many Thanks, Prof Tsubokura, RIKEN)
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Regional deposition of airborne SARS-CoV-2-laden droplets in the upper airway and its
effects determined using host cell dynamics
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Bioregulation — Host Cell Dynamics O
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Resultant viral replication

Host Cell Dynamics Model
Coupling of target-cell limited model and convection-diffusion model
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Mucus Flow: S, = p(V-u)

Source term was added to the continuity equation for the mucus domain
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Visualization of SARS-CoV-2 Diffusion in the Nasal Cavity—Nasopharynx model
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Application/evolvement of in silico modeling of animals
Pressure loss calculation in upper airway of French Bulldog and Virtual Surgery
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What can we do for “in vivo” animal models?

In Silico Human Model based Indoor Environmental Design

¢ Multi-stage optimization of local environmental quality by in silico human model
as a sensor for HVAC control
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