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Table 2.1 Infection prevention and control precautions for health-care workers and caregivers providing care for patients with acute respiratory
infection and tuberculosis ToEnahY o NN FROBETFRBBRE
Precaution No pathogen Pathogen
identified, no risk  [Bacterial B Other ARl virusesf Influenza virus | New influenza  |SARS Novel ARIb
factor for TB &l AR, including {e.g. with sustained | virus with no
ARl of potential | pjagye parainfluenza human-to-human | sustained
cancEm (e:g. RSV, adenovirus) § transmission human-to-
influenza-like (e.g.seasonal  |human
illness without risk influenza, transmission
factor for ARl of pandemic (e.g. avian
potential concern) influenza) influenza)
Hand hygienes Yes Yes Yes Yes Yes Yes Yes Yes
Gloves Risk assessment¢ Bk entd Rk saiitd Yes Risk assessment® | Yes Yes Yes
Risk Risk .
Gown Risk assessment¢ sReET AsSeasmant Yes Risk assessment? | Yes Yes Yes
Eye protection Risk assessment’ | Risk assessmentf i ol Risk 1t B Risk ent’ | Yes Yes Yes
Medical mask for health- "
care workers and Yes Risk assessmentf | No ,%:;assessmentf Yes Yesh Yes! Not routinelyt
caregivers
Particulate et No No Yes No No Not routinely?  |Notroutinely | Yes
respirator | Ny
for Health- | within 1 m of - _
sty patient No No Yes No No Not routinely” Not routinely | Yes
workers [ for aerosol-
and generating | Yes* Yesk Yes Yes* Yesk Yesk Yes Yesbk
Caregivers | procedures
Medical mask for patient
when outside isolation Yes Yes Yes Yesm Yes Yes Yes Yes
areas'
Adequately ventilated Yes, if availablen No No Yes, if availabler J Yes, if availablen | Yes Yes Not routinelyt
separate room
WHOAARZM4Y TERICEITAIETSVIE LU/ U TIVIERIZEH 52 PEER 5B L E O F 5 £l
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Precaution No pathogen Pathogen
. & A AN T T N i L R )
identified, no risk | Bacterial T8 Other ARl viruses flinfluenza virus | New influenza | SARS Novel ARIP
factor for TB or ARE, including (e.g. with sustained | virus with no
ARl of potential | 5jaqye parainfiuenza human-to-human | sustained
concern (e.g. RSV, adenovirus) ftransmission human-to-
influenza-like (e.g.seasonal | human
iliness without risk infl tr i
factor for ARI of pandemic (e.g. avian
potential concern) influenza) influenza)
g?;:ne Precatiion No No Yes? No INo Not routinely® Not routinelyr | Yesr
Summary of isofation Standard Standard Standard Standard lStandard Standard Standard Standard
precautions for routine | proplet — — Droplet N Droplet Droplet Droplet -
patient care, excluding [ - _ it I_ TriiE Contact Contact
aerosol-generating 5 :
proceduresi (AnnexB) |- = Airbome: = I_ = Airborne
ARI, acute respiratory infection, IPC, infection prevention and control, RSV, respiratory syncytial virus; SARS, severe acute respuramry syndrome, B, mmozus
a Bacterial AR refers to common bacterial respiratory infections caused by organisms such as ccus preumoniae, b i , C phita spp. and Mycopi:

b When a novel ARI is newly identified. the mode of fransmission is usualy unknown. |

lement the highest available level of IPC precautions. until lhe stluabon and mode of ransmission & B clarified. )

¢ Perform hand hygiene in accordance with Standard Precautions {Annex B).
d Gloves and gowns should be womn in accordance with Standard Precautions (Annex B). If glove demand is likely to exceed supply, glove use should always be prioritized for contact with blood and
body fiuids (nonstenile gloves), and contact with sterile sites (sterile gloves)
e If splashing with blood or other body fluids is anticipated and gowns are not fluid resistant, a waterproof apron should be wom over the gown
f Facial protection. i.e. a2 medical mask and eye protection (eye visor, goggles) or a face shield. should be used in accordance with Standard Precautions by health-care workers if activities are likely to

generate splashes or sprays of blood, body fluids, secretions and excretions onto mucosa of eyes, nose or mouth; or if in close contact with a patient with respiratory symptoms (e g. coughing/sneezing}
and sprays of secretions may reach the mucosa of eyes, nose or mouth
g Adenovirus ARI may require use of medical mask
h As of the publication of this document, no sustained efficient human-to-human transmission of avian influenza A(H5N1) is known to have occurred, and the available evidence does not suggest aitbome
fransmission from humans to humans. Therefore a medical mask is adequate for routine care.
i The current evidence suggests that SARS fransmission in health-care settings occurs mainly by droplet and contact routes; therefore, a medical mask s adequate for routine care
j See Table K4, Annex K.

k Some aerosol-generating procedures have been associated with increased risk of transmission of SARS (Annex A; Annex L, Table L.1). The
to endotracheal intubation either by itself or combined with other procedures (e.g. cardiopulmonary resuscitation, bronchoscopy) was i
The risk of transmission of other ARI when performing the aerosol-g

p

d risk of

\g or being exposed
ission of SARS.

ing procedures is

tly unknown

with i

| If medical masks are not available, use other methods for respiratory hygiene {e.g. covering the mouth and nose with fissues or flexed elbow foliowed by hand hygiene).
m These are common pathogens in children, who may not be able to comply with this recommendation
n Cohort patients with the same diagnosis. If this is not posmble place panem beds at least 1 m (3 feet) apart

o Airbome Precaution rooms can be naturally or

d, with ad

te ventitation rate of 160 l/s/patient or at least 12 air changes per hour and controlled direction of airflow

p Airbormne Precaution rooms, if available, should be prioritized for pahents with airborne infections (e.g. pulmonary TB, chickenpox and measles) and for those with novel organisms causing ARI.

WHOHARS4Y TERICBHHIETIVIBLUNYTIVIMERIZH D2 IEFFREBRED FHHEHEH )

Infection prevention and control of epidemic and pandemic-prone acute respiratory infections in health care



Figure E1  Putting on and ing p protective equip! B. Taking off PPE
A_Putting on PPE (when all PPE items are needed) ——

[- A ] 5 | - Avoid contamination of self, others and the environment.
[ ——————————eey Y ~ R il i i 2
— 1 - Identify hazards and manage risk. emove the most heavily contaminated items first.
¢ - Gather the necessary PPE. Remove gloves and gown:
- Plan where to put on and take off PPE.

i
|
|

- peel off gown and gloves and roll inside, out;

- Do you have a buddy? Mirror? - dispose of gloves and gown safely.

- Do you know how you will deal with waste?

2 Perform hand hygiene.

q 2 Put on a gown.
‘e

3 Put on particulate respirator or medical mask; perform 3 - Remove cap {if worn).
user seal check if using a respirator. - Remove goggles from behind.
- Put goggles in a separate container for reprocessing.
4 Put on eye protection, e.g. face shield/goggles

(consider anti-fog drops or fog-resistant goggles). 4 Remove respirator from behind.

Caps are optional: if worn, put on after eye protection.

Put on gloves {over cuff). 5 Perform hand hygiene.
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EEXIGCHEICERLTWAPPEOREIZIE. MEMMADLITLNS
PPERRLNE R D FIEIZEMEMA DL TWAEENH S

A baumanii b O/ RFH KD T2 iio O TR, 7y, FR~OEM R
LN IR R

o (%195% CI°p

o AL bawmannii P. acruginosa
Carriage (n=199) Carriage (n=134)
T T 72 (362205429 9 (67251100
Ay 22 (11.1 [6.7-15.4]) 6 (4.5 [1.0-8.0])
T/ HY 77 (38.7 [31.9-45.5)) 11 (8.2 [3.6-12.9])
T
(PPEZ Bl Z# TR Vi) 9 (4.5 [1.6-7.4]) I (0.7 [0-2.2])

* Cl: confidence interval 341411
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An Analysis on Risk of Influenza-like Illness
Infection in a Hospital Using Agent-Based
Simulation
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Abstract- The purpose of the research is to develop a simulation 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 to literature by introducing a novel risk

method for hospital staff to prepare for an infl demic in the future.

Keywords- Nosocomial Infection; HAIs; Infection Control; Ageni-based Simulation; Risk Assessment.

LINTRODUCTION

Nosocomial infections, also known as hospital-acquired infections (HAI) occurs worldwide and it represents 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
and children [2]. Influenza can be transmitted between patients and health care workers (HCW) in the hospital setting. Contact
with high-risk patients is an important potential source of influenza exposure for HCW. The US Center for Diseases Control
(CDC) recommends vaccination and amantadine 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 systems 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 in only
introduced recently, it offers many advantages in integrating real data such as electronic medical record information or sensor
information.

Another systems 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 giobal) rather than community level model. Especially, relatively little work exists in
applying contact network analysis to nosocomial infection, which is the originality of the current work. Since most of pathogen
transmissions in healthcare settings occur via close contact, either between healthcare worker (HCW) or between HCW and
patients, the aim of the research is to visualize and detect those contacts.

Full Journal Name Month (abbreviated) Year, Vol. * Iss. *, PP, *-*

ILSIMULATION 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 of a hospital staff. An agent has
the following parameters: sex, age group, job, vaccination status, health condition, and parameters of influenza infection.

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

An agent interacts with other agents in the environment when they exist. 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, agent can read the waiting list in reception desk
and wait for its own turn.

.

Agent is accepted to interact freely with every spot, but direct interactions with other agents are prohibited. The interactions
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/hb/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 impl 1in Java |

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, 1 examiner, 1
dispenser, 1 cashier and 1 cleaner. Agents’ activity pattern is described in Fig, 2.

Operation Area

5T
EE]

Fig. 1 Struture 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 patienis (a) , healthcare workers (HCW) (b) and visitors (¢) in the hospital.

B.Infection process modeling

In this study, influenza-like illness (ILI) 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 envoled with influenza
infection is hand transfer from contaminated surfaces to mucous membrane of nose or mouth. However, the percentages of
influenza transmission by these three types have not been established yet [18].

Recently emerged swine influenza (HIN1) continues to spread globally and shows a higher transmission than seasonal in-
fluenza [19). Evidence of human to human transmission has been observed [20,21]. Highly pathogenic avian influenza (H5N1)
still exists in poultry worldwide. It rarely infects humans but has mortality of over 60%. Pig is susceptible to both human and
avian influenza viruses, so it could serve as a “mixing vessels” in genetic reassortment events [22]. Although the opportunity for
genetic reassortment is small, the severity of such rare outcome is a big concern.

In this paper, infection process of the disease is modeled under the following assumptions.

e A novel contagious and deadly influenza-like illness emerges and spreads in a community. It causes an outbreak in the
community hospital.

o The virus is transferred via both direct and indirect transmission.

o Influenza virus refers to an acute respiratory virus that causes severe influenza-like illness with cough or sore throat, plus
measured fever, shortness of breath and need for hospitalization.

e Current vaccine of seasonal influenza is effective to the new disease.
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o For critically ill patients, treatment with oseltamivir within 24 hours of hospitalization reduces mortality.

» For easiness of simulation, we choose a strong pathogen to simulate. However, these parameters can be changed easily to
adapt to other pathogens.

The calculation of infection probability based on the interactions of agents within the environment is described below [23].
Define a set of agent 4 who exits in a set of location (we call "spot”™) k. Define Agent Virus Excretion Level (AV EL) of agent
iattime ¢ (0 < AVEL[i](t) < 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 7 at time ¢ (AHL[#](t)) as the amount of virus
excretion of the agent into the environment at the specific time. Then,

AHL[i)(t) = AVEL[i|(t) x VEP[il(t) 16

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

Define Spot Contamination Level SCL{k](¢) as the level of virus contamination of a spot k at time ¢. Contamination level of
the spot in the certain time ¢ is the sum of total amount of virus excretion of agents in the spot and the contamination level of the
spot at time (t — 1).

SCLIK|(t) = Z AHL[(t) + SCLIK|(t — 1) x SSL{E)(t) 2)
1€Spotik]

, where Spot Sterilization Level (0 < SSL{k](t) < 1) represents the effects of attenuation and sterilization on the certain spot.
The smaller SSL, the more effective the protection measure is (See TABLE III).

Define Agent Contamination Level AC'L[i](t) as the amount of virus that an agent i has absorbed from the spot & where he
stands at the specific time ¢.

ACL[i|(t) = ACL[i}(t — 1) x AFi](t) + SCL[K(t) x VD[k] ®

, where Attenuation Filter (0 < AFi}(t) < 1) represents the effect of attenuation protection on infection (e.g., hand washing)
(See TABLE III) and Virtual Density (0 < VD{k] < 1) represents the density of the spot k (the bigger place, the smaller VD).

When an agent i at time ¢ absorbs a significant amount of influenza virus, he will be infected and his state will change from
susceptible to infected. The probability of agent ¢ at the time £ to get infected is calculated as below.

Pli($) = 1 = exp[~PCLi(t) x ACL{ (1) @
, where PCT[i](t) is the Physical Condition of agent i at time ¢ (0 < PC[i](t) < 1). Physical condition depends on vaccination

status, heath condition, age, sex. The healthier agent (smaller PC), the smaller infection probability is. If the agent is immune
to the virus, PC' is equal to 0, that means probability of infection is equal to 0.
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Fig. 3 State transition of influenza-like illness with high contagion, high mortality and clinical pathway for infected patient.
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TABLE I Disease state definition and value of Agent Virus Excretion Level (AV EL)

Stage Definition Fever AVEL
0 Not infected No 0.0
1 14 stage Little 0.2
2 2"stage High 0.6
2m 24 mild stage Litle 04
3 34 stage Little 0.6
3m 374 mild stage Little 0.5
3s 374 serious stage High 0.6
4e 4t critical stage High 05
4m 4t mild stage Little 0.5
5 Recovered stage No 0.0
0i Recovered with immunity ~ No 0.0
D Death No 0.0

1IL.SIMULATION PARAMETERS

Simulation parameters are summarized in TABLE I Simulation is executed in 30 days and repeats 30 times. The simulation
program generated 30 files of each log files. The log files contain information on each agent and each spot at each hour in 30
days. The information on each agent included name, job, the place where he is, disease status, immunity status, influenza virus
contamination level, probability of infection, etc. The information on each spot included the level of contamination. Simulation
log files also included the numbers of outpatients, inpatients, number of influenza infected patient, number of infected HCW,
number of visitors, list of infected HCW, list of dead patients, list of dead HCW, list of contacts of each ageat, etc. The community
structure and hospital structure are set based on health and population statistical data of Vietnamese General Statistics Office.
However, these parameters can be changed to adapt to any other community and hospital.

Preventing transmission of influenza virus within healthcare settings is important for hospital management. Spread of in-
fluenza virus can occur among patients, HCW, and visitors; in addition, HCW may acquire influenza from persons in their
household or community. The fundamental elements of nosocomial influenza infection control include influenza vaccine cam-
paign, respiratory hygiene, monitoring HCW’s health, droplet precautions, hand hygiene, environment sterilization and managing
visitor access and movement within the facility [18].

Values of parameters for infection control measures are shown in TABLE 111 Vaccinating children, adolescents, and young
adults seems to be an appropriate vaccination strategy to reduce morbidity of the disease [24]. Based on studies of efficacy
comparison of several hand hygiene products [25] and masks [26], we set values for hand hygiene and droplet precaution control
measures. Biological efficacy and rate of recontamination (parameter SSL) is adopted from [27].

To study the impact of infection control on nosacomial infection, we vary parameters of infection control in 4 scenarios.
Parameters for the four scenarios are summarized in TABLE 1V. High Control and High Vaccine scenario represents for the
circumstance of hospital with high resource of infection control and vaccination rate in the community is high. Scenario of Low
Control and Low Vaccine represents the circumstance of hospital with low level of infection control and vaccination rate in the
community is low.

Since simulation model is an abstraction of the real world, each parameter setting corresponds to the set of assumptions made
by the model. The strength of simulation is that it can simulate the real world as in a variety of circumstances. Experiments can be
set up and repeated many times, using a range of parameters. Those parameter changes can easily be made before the simulation.
Scenarios can be duplicated, copied and pasted and modified in instance using experimental setting function of SOARS [16].
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TABLE II Description and value of simulation parameter

Simulation parameters

Simulation time 30 days
Simulation replication 30 times
Time step 10 min
Log time 1 hour

City population structure
Total population 10,000 people
Age distribution Proportion
Child: 0- 4 y/o 8.5%
Teenager: 5- 14 y/o 16.5%
Adolescent:15-19 y/o 10.2%
Adult: 20- 34 y/o 26.0%
Middle-aged: 35-59 y/o 29.9%
Elderly: Over 60 y/o 8.9%

Hospital structure

Number of doctors 7
Number of nurses i8
Number of beds 28
Number of outpatient Average of 60/day
Number of visitor Average of 20/day




Full Journal Name

Month (abbreviated) Year, Vol. * Iss. *, PP. *-*

TABLE I Description and value of infection control parameter

Vaccination Target

(Probability of vaccination)

Child 0.3
Teenager 0.5
Adolescent 0.2
Adult 0.2
Mid-aged 0.15
Elderly 0.1
Vaccinated Population (Percentage of population)
High (20%)
Medium (10%)
Low (5%)
Mask wearing (Value of VEP)
No mask 1.0
Surgical mask 0.5
N95 mask 0.1
Hand Hygiene (Value of AF)
Soap and water 0.62
Alcohol-based hand rubs 0.73
No treatment 1
Environmental Infection Control ~ (Value of SSL)
No cleaning 0.6
After cleaning 0.4
After HPV decontamination 0.03

Monitor and Manage 11
Healthcare Personnel

Not to go to work,
or if at work, to stop patient-care
activities, leaving work

Patient Isolation Policy

Isolate critical influenza
patients from patients of other
diseases and from visitors

Manage Visitor Access

Limit visitors” access.
Check visitors” temperature
before entering the hospital
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TABLE IV Infection control parameter of four scenarios

Scenario Name

A B C

D

Infection Control

High Control High Control Medium Control

Low Control

Vaccinated Population

High Vaccine  Medium Vaccine Low Vaccine

Low Vaccine

Hand Washing Soap and water ~ Soap and water  Alcohol-based hand rubs No
Mask N95 N95 Surgical No
Patient Isolation Yes Yes No No
Cleaning Yes Yes Yes No
HPV Decontamination Yes Yes No No
Vaccinated Population 2000 (20%) 1000 (10%) 500 (5%) 500 (5%)




