[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a)
Title(English) A risk analysis framework for nosocomial influenza infection using
agent-based simulation
oo@a) OOoo0Ooooon
Author(English) Nguyen Dung Dung
oo@a) O0:00@0),
oOooooo:0oo0ooa,
OO000:0096120,
000 00:20140 90 2500,
ooooo:0o0o0a,
oo00:0000,00000,00000,00000,00 0O
Citation(English) Degree:Doctor (Science),
Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 961201,
Conferred date:2014/9/25,
Degree Type:Course doctor,
Examiner:,,,,
oooo@a) oood
Category(English) Doctoral Thesis
oo@a) oood
Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

2013. ST
(FRCHE-L)
B X 22} g (33X X) (8003512 )

WEHRE Z B =2 K 4 |Nguyen Dung Minh(Z/ x> V23 2)

1

The purpose of the research is to develop a framework to assess the risk of a highly
contagious and mortal influenza-like illness infection to health care workers (HCW)
in a hospital under different scenarios of infection control. The method is to build
an agent- based model for simulating infection of the virus in the hospital and use
an open-source software to visualize a risk graph of infection. The simulation results
have shed more light on epidemiological belief of that direct patient care HCW have
high risk of catching nosocomial influenza virus and that washing hand and wearing
mask are cffective to preveni an outbreak of the disease in the hospital. The
methodologies of quantification and visualization the infection risk is a potential
methodology for risk management in infection control of nosocomial infection.

A Nosocomial infection, also known as hospital-acquired infections (HAI) occurs
wortdwide and it represents amajor source of morbidity and mortality for hospitalized
patients. In recent years, with the worldwide spread of severe acute respiratory
syndrome (SARS) and the 2009 influenza pandemic, research in infection prevention
and control in hospitals become increasingly important. Computer simulation can be
an experimental and educational tool for hospital administrators to test strategies
for controlling nosocomial infections. The great advantage of simulation model is
that they unable experiments which are impossible or undesirable.

Qur simulation framework consists of an agent-based model for simulating nosocomial
infection and a component of visualizing the contact network generated after the
simulation. The advantage of agent-based model is that macro-level statistical
experiment results can be achieved from micro-level evolufion of agent interactions.
On the other hand, network analysis can help to visualize and track micro-level
contact between agents. Since most of pathogen transmissions in healthcare settings
occur via close contact, either between healthcare workers (HCW) or between HCW and
patients, to visualize and detect those contacts is one of the aims of the research.

The agent~based model is developed by an agent-based simulation language called SOARS
(Spot Oriented Agent Role Simulator). An agent is autonomous individual which
represents a patient or a visitor, a doctor, a nurse or a hospital staff. Agent
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is goal-oriented and interacts with other agents in the environment that is called
“spot”. Virtual agent contamination level and spot contamination are calculated and
they decide probability of infection. Infection protection measures taken by agent,
such as wearing mask or washing hand are modeled. 4 scenarios of infection control
are generated. Simulations are iterated for 30 times and in 30 days. Infection risk
of doctors and nurses is observed from simulation results. The “risk graph” that is
generated from simulation logs shows close and frequent contact between doctors,
nurses and inpatients. Correlation between list of infected HCW and degree of the
nodes in the risk graph has been confirmed. The visualization of risk graph can be
a promising method to assess infection risk of HCW in the hospital model. We can
highlight and track all contacts of agents in real time. Integration with human real
time tracking systems can be potential for tracking and detecting contacls between
health care workers or between health care workers and patients.

Although data and knowledge for the model have been constructed based on several field
works onsite, due to the lack of statistics data and impossibility of taking those
experiments in a hospital, empirical validation of the model could not be conducted.
Although there was no observed data fitted the simulation results, outputs are
qualitatively similar to observed phenomenon in the real world.

The future work is to integrate real data collecting by sensor to the simulation
framework. We have developed and used wireless tracking system to track real-time
movement of humans in a building. The real data of movement of patients and health
care workers in a real hospital can be achieved using the system. Changing parameters
of the disease transition module can be applied to study other infectious diseases.
Infection control measures can be changed in many scenarios depending on infection
control resources of the hospital. The core module inherits from the current module
but can be rebuilt to fit the structure of a new hospital. Simulation output shows
real-time graph of the number of hospitalization, infected patient and HCW. By
visualizing contact network, close and frequent contact with high-risk patients can
be tracked and monitored. Variation of virtual virus contamination level of places
and agents can be monitored in real time. The simulation framework could be a potential
decision-making support tool for hospital administrators to evaluate nosocomial
infection control and it can also be used as an educational tool to study nosocomial

infection.
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