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Clinical Laboratory Combats Multi-Drug-Resistant Bacteria; Converting Bacterial Test
Results into Resources for High Precision Infection Control with Computer Systems

Shuhei Fujimoto )
Department of Bacteriology and Bacterial Infection, Division of Host Defence Mechanism,
Tokai University School of Medicine

The emergence and spread of multi-drug-resistant bacteria puts hospital patients at risk. The development of
new antimicrobials against drug resistant strains is lagging far behind. Collecting scientific data relating to drug-
resistant bacteria by surveillance, the rational use of antimicrobials to reduce antimicrobial selective force, and the
prevention of intra-hospital bacterial dissemination by strict adherence to infection prevention measures are of in-
creasing importance. We (my collaborators and I) took the situation seriously and have prepared and successfully
implemented the Japan Nosocomial Infection Surveillance (JANIS) System, Standardized Hospital Infection Look-
out (SHIPL) System, and the 2DCM-web System on JANIS Clinical Laboratory Division. This manuscript outlines
strategies to realize the automatic conversion of clinical bacterial test results into inter- and intra-hospital surveil-
lance data, to detect and visualize intra-hospital bacterial dissemination, and to evaluate appropriateness of antimi-

crobial usage.
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Abstract-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 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 show a high risk of infection among health care workers who directly take care of inpatients and the evidence
of the risk is visualized in the form of graphs. The research contributes a novel risk assessment for hospital staff to prepare for an
influenza pandemic in the future.

Keywords- Nosocomial Infection; Infection Control; Agent-Based Simulation; Risk Assessment

[. INTRODUCTION

Nosocomial infections, also known as hospital-acquired infections (HAI) occur worldwide which represent a major source
of morbidity and mortality for hospitalized patients [1]. Influenza A virus is among the most severe and frequent causes of
hospital-acquired viral respiratory illness and infects persons in all age groups, especially in patients older than 65 years old or
children [2]. Influenza can be transmitted between patients and health care workers (HCW) in the hospital settings. Contact with
high-risk patients is an important potential source of influenza exposure for HCW. The US Center for Diseases Control (CDC)
recommends vaccination prophylaxis for HCW, with particular emphasis on patient-care staff. Quarantine measures, including
isolating patients who have symptoms of influenza from the others, HCW washing hands and wearing mask and restricting
hospital visitors are also recommended [3].

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 exper-
imental and educational tool for hospital administrators to test strategies for controlling nosocomial infections. A Monte Carlo
simulation model was developed for the spread of antibiotic-resistant bacteria in hospital units [4]. Recently, several agent-based
simulation models have been used to simulate nosocomial transmission in health care settings [5-8]. Agent-based simulation or
agent-based modeling (ABM) is a system approach [9, 10], of which the bottom-up architecture can be used as an efficient tool
to get macro-level statistical experiment results from micro-level evolution of agent interactions. These models have exploited
the advantage of agent-based modeling to evaluate the efficiency of infection control measures against nosocomial infection.
Although agent-based modeling is still a relatively new methodology and its application to infectious disease control is only
introduced recently, it offers many advantages in integrating real data such as electronic medical record information or sensor
information. An integration of these real data with ABM shows a high potential of a novel risk assessment for infectious disease
control.

Another system approach that recently gains a lot of interest in epidemiology is social network analysis [11]. A social
network for contacts sufficient to transmit influenza has been constructed and analyzed [12]. The usage of contact network
analysis is to capture interactions that cause the spread of diseases [13, 14]. Contact network approach is relatively applied in
large-scale model (countrywide or global) rather than small-scale model (community, hospital). Especially, relatively little work
exists in applying contact network analysis to nosocomial infection. Since most of pathogen transmissions in healthcare settings
occur via close contact, either between healthcare workers (HCW) or between HCW and patients, the aim of the research is
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to visualize and detect those contacts. -

I1. SIMULATION FRAMEWORK

A. Simulation Model

Simulation model was built under several assumptions.

An agent is autonomous individual which represents a patient or a visitor, a doctor, a nurse or a hospital staff. An
agent has the following parameters: sex, age group, job, vaccination status, health condition, and infection status.

An agent is goal-oriented, having a set of rules of behaviors to achieve its own goal. The rule of behavior depends on
the own state. For example, a doctor agent commutes to the hospital at 8am, takes care of patients and then goes back
home at 5pm. Another instance is that if a patient has a high fever and a cough, then he goes to hospital to search for
consultation and medical care.

An agent interacts with other agents in the environment when they are there. The environment is called a “spot™. Each
spot in the model represents a room in the hospital. For example, a patient agent comes into a consultation room to meet
a doctor. After examination, as prescribed by the doctor, the patient agent can be either hospitalized or advised to go
home.

" Spot and agent can communicate and exchange information. For example, an agent can read the waiting list in the recep-

tion desk and wait for its own turn.

An agent is accepted to interact freely with every spot, but direct interactions with other agents are prohibited. The interac-
tions between agents are made indirectly via spots.

Time of the simulation is modeled in discrete time steps. Each time step lasts for 10 minutes, which is considered to
be appropriate for modeling human activities in the hospital. The simulation starts at time step zero and proceeds as
long as desired, or until all the agents are out of action. The format of simulation time is dd/hh/mm (day/hour/minute).

The simulation model contains some elements of randomness. For instance, the agents have initial physical condition
that is assigned from a random distribution every day in the simulation.

The simulation model is developed with an agent-based simulation language called SOARS (Spot Oriented Agent Role
Simulator) [15, 16]. The simulation engine and related built-in functional objects are implemented in Java language.

Figure 1 describes the organizational structure of a typical hospital. The hospital consists of a reception desk, a waiting
room, a consultation room, a laboratory, a dispensary, a nurse station, a staff room, a doctor room, a locker room and 4 wards.
It is assumed that there are 18 nurses working in 3 shifts a day, 7 doctors working in rotation, 1 clerk, 1 receptionist, I examin-
er, 1 dispenser, 1 cashier and 1 cleaner. Agents’ activity pattern is described in Fig. 2.

QOperation Area

Fig. 1 Structure of an artificial hospital. Arrows illustrate movement directions of agents in hospital. Solid lines illustrate movement directions of patient and

visitor agents, dot lines illustrate movement directions of health care worker agents
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Fig. 2 Flowchart of movement of patients (a), healthcare workers (HCW) (b) and visitors (c) in the hospital
B. Infection Process Modeling

In this study, influenza-like illness (IL1) symptoms are defined as fever (>100° F) and cough or sore throat. There are three
types of infection relevant to influenza are contact transmission, which are droplet transmission, and airborne transmission [17].
Traditionally, influenza viruses are believed to spread from person to person mostly through droplet transmission. These droplets
travel only short distances (< 6 feet) and do not stay suspended in the air. Airborne transmission via small particle may also
occur. Those particles, in contrast to droplets, can remain suspended in the air. Another indirect transmission involved with
influenza infection is hand transfer from contaminated surfaces to mucous membrane of nose or mouth. However, the relative
distribution of influenza transmission by these three types have not been established yet [18].

In this paper, infection process of the disease is modeled under the following assumptions. A novel contagious and deadly
influenza-like illness emerges and spreads in a community. It causes an outbreak in the community hospital.

o Influenza-like illness symptoms are cough or sore throat, plus measured fever, shortness of breath and need for hospi-
talization.

¢ The virus is transferred via both droplet and airborne transmission.

The calculation of infection probability based on the interactions of agents within the environment is described below [20].
Let’s have a set of agent i who exits in a set of location (we call “spot”) k. Define Agent Virus Excretion Level (AVEL) of
agent i at time ¢ (0 < AVEL[i](¢) < 1) as scale of virus excretion of the agent at the specific time. This parameter depends on the
disease state of the agent (See TABLE I). Define Agent Hazard Level of an agent i at time ¢ (AHL[{](¢)) as the amount of virus
excretion of the agent into the environment at the specific time. Then,

AHL[i}(t) = AVEL[i)(t) xVEP[i|(?) (1)

, where Virus Excretion Protection (0 < VEP [i]() < 1) represents the effects of protection measures (e.g., mask wearing) on
virus excretion of the certain infected agent. The smaller VE P, the more effective the protection measure is (See TABLE III).
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