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TABLE V INFECTION CONTROL PARAMETER OF ADDITIONAL SCENARIOS
Scenario Name E E — washing hand E — wearing mask
Hand Washing Soap and water No Soap and water
Mask Surgical Surgical No
Patient Isolation Yes Yes Yes
Cleaning Yes Yes Yes
HPV Decontamination No No No
Vaccinated Population 300 (3%) 300 (10%) 300 (3%)
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Fig. 5 Variation in average number of infected health care workers (HCW) over time in scenario E,
scenario E with no staff washing hand and scenario E with no staff wearing mask.

B. Micro Analysis
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Fig. 6 Variation of Virus Contamination of areas in the hospital in scenario A

In section I1.B, we have demonstrated the algorithm to calculate the amount of virtual influenza virus existing in spot and
agent. Spot Contamination Level (SCL) at the certain time t is the sum of total amount of virus excretion of agents in the spot
and the contamination level of the spot at time (¢ — I). It depends on the number and the disease condition of infected agents
existing in the spot. Figure 6 shows the average contamination level of Ward area, Administration area and Staff area in sce-
nario A of High Control and High Vaccine. The results show that the Ward area is the most contaminated.
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The Administration area ranks the second while the Staff area is almost clean. The result implies that wards in hospital are
likely to be contaminated with influenza virus when an outbreak of influenza emerges in the community.
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Fig. 7 Variation of virus contamination level of HCW in a working day in scenario A

Agent Contamination Level ACL[7](¢) is the amount of virus that an agent i has at the specific time z. Figure 7 describes the
average virus contamination level of doctors, nurses and other staff in working time in 20%" day when the number of inpatients
reaches its peak in the scenario of A [High Control High Vaccine]. The average virus contamination level of doctors and nurses
are higher than those of other staff. This could be explained by the fact that doctors and nurses work in ward area more than
other staff. Sharp drops recorded in the contamination level among HCW strongly correlate with daily routines of the HCW
concerned. The virus contamination level of doctors and other staff falls to their troughs at the time of lunch break (from 13:00
to 14:00). The virus contamination level of nurses also decreases rapidly when they change their shift and leave the hospital.

The conclusion of micro analysis is that doctors and nurses, who provide direct care to influenza patients have higher risk
of catching influenza virus within the hospital. This conclusion supports long-standing belief in hospital infection control that
annual influenza vaccination should be required for every health care worker who has direct contact with patients.

Fig. 8 Visualization of contact network in scenario D
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V. ANALYSIS ON CONTACT NETWORK

‘We analyze the contact network, which is generated by interactions of agents in the simulation of scenario D. We assume that
once two agents come into the same spot, one contact is made between them. Each agent carries a contact list of agents who
are in the same spot with him at the time z. The contact lists vary by time when agents are moving inside the hospital. The log
of contact lists is converted to .csv file in order to be imported to Gephi [27], an open source graph visualization software.

Figure 8 illustrates the visualization of contact network, which we call “risk graph”. Each node in the graph represents an
agent in the simulation model. Lines in the graph illustrate aggregate of contact between agents the simulation of scenario D. The
thicker the line, the more frequent contact between the agents has been made. The size of the node is proportional to the degree,
which indicates amount of contact that he had made. The layout of the graph is Force Atlas, in which the connected nodes are
attracted into the center of the graph and unconnected nodes are pushed out off the outside.

Visual conclusions of the risk graph:

o The dispenser, the clerk and the examiner (there is only one dispenser, one clerk and one examiner in the hospital)
nodes are the three biggest nodes (in degree). It implies that the three heath care workers have made the most contacts
with patients. However, most of the contacts were made with outpatients, so the nodes represent them are pulled out off
center of the graph.

e Nodes that represent nurses, doctors and inpatients are attracted into the center of the graph (Figure 9). It implies that
frequent close contacts were made between them.

Figure 9 shows the center of the risk graph, in which close contacts between doctors, nurses and inpatients are illustrated. The
nodes, which are marked by blue explosion shapes, represent health care workers who have been infected during the simulation.
We can see that those agents are at the center of the risk graph and have frequent contacts with inpatients. The nodes, which
represent doctors, and nurses who have been infected during the simulation arose on top of the list of nodes in descending
order of degree. However, the dispenser and the clerk were not infected, even though nodes representing them have a high de-
gree. It can be explained that most of the contacts they made were with outpatients, so their risk of infection was low. The risk
can also be evaluated by Spot Contamination Level of the place that the two staff were working in Figure 6. The Figure shows
that staff area and administration area where the two staff work are less contaminated than ward area. It means that infection
risk of those staff is lower than that of nurses who mostly work with inpatient in ward area.

Several conclusions can be drawn from the analysis on risk graph:
o Two nodes are spatially closer if they have a close and frequent contact.
o Close and frequent contacts between agents will attract them into center of the graph.

e Risk of infection can be assessed not only by the degree of the nodes but also by the amount of close contacts.
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Fig. 9 Center of the risk graph and list of infected health care workers in scenario D
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VI. CONCLUSION AND DISCUSSION

We have built a simulation model for infection of an influenza-like illness in an artificial hospital and quantitatively assessed
infection risk of the diseases. 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 effective to prevent
an outbreak of the disease in the hospital. The methodologies of quantification and visualization the infection risk have been
demonstrated. The original approach has provided us with a potential methodology for risk management in infection con-
trol of nosocomial infection.

The great advantage of simulation model is that they are able to conduct experiments which are impossible or undesira-
ble. It provides a flexibility of changing parameters to apply to other diseases rather than influenza-like illness. The computa-
tion of dynamical change of virtual influenza virus can assess the risk of infection quantitatively and visually. Even though the
computational effort of the modeling method is hard, with the evolution of computing, time execution of the simulation model is
constantly reduced.

The methodology of categorizing infection levels into detailed disease states can be used to apply to other pathogens like
smallpox, measles and many others by changing state period and state transition probability. Compared to traditional SIR mod-
el, in which population is roughly divided in three groups of susceptible, infectious and recovered individuals, our methodolo-
gy provides a better modeling of infection process.

The visualization of risk graph demonstrated above can be a valid method to assess infection risk but it is not completed.
The nature of contacts that transmit virus cannot be seen from the graph. However, thanks to the development of large net-
works graphs visualization software, such as Gephi, we can highlight and track all contacts of agents in real time. An integra-
tion with human real time tracking systems can be potential for tracking and detecting contacts 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, empirical vali-
dation of the model could not be conducted due to the lack of statistics and impossibility of taking those experiments in a hos-
pital. Although there was no observed data fitted the simulation results, outputs are qualitatively similar to observed phe-
nomenon in the real world.

The future work is to integrate real data collecting by sensor to the simulation framework. The structure of the simulation
framework is illustrated in Figure 10. We have developed and used wireless tracking systems 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.

INPUT 'SIMULATION FRAMEWORK OUTPUT
Hisman racking - 1 1. RS
sorsr s Ltget  Human Monltor e Nimibisr F ospiaazation
Wechcaf rosord informtion ——tiel  ACHvity g?,?;' MY L rumbar of infectug pationt
Activy questoanare [T module -of Infection o Hiuiber of infactad HEW
whuenz: Lyl Disease state Monitoring | Tacking close contact
Smalpas — el fransition  —#= Core module -  ofvisual | Wfinfecled paent
MREA ™ module ‘ contact Hacking frecupat contct
‘ E" withi inpatient
trapist pracaations Infection | Monlioring  |—pi Montering vizual
Lroptat pracaitions L HmgEan of Viruis Contariiation el of ghisa
Pitborng precaulions . —— GC’UWC” mrmm Morkering séual
Chtact precaationz [ | madule conaminaton cantaminatisn eval of 3pst

Fig. 10 Structure of the simulation framework

Activity pattern of people can also be collected via activity questionnaire. Changing parameters of the disease transition
module can be applied to study other infectious diseases. Infection control measures can be changed in many scenarios depend-
ing 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 contacts with high-risk patients can be tracked and monitored. Vari-
ation 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 too! 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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