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ABSTRACT

The healthcare-associated infections (HAls) are serious adverse events that mostly occur in the
intensive care units (ICUs). Among different infection types, ventilator-associated events (VAE) are of particular concern.
This study aimed to identify the risk factors involved in the transmission of Acinetobacter spp. in ICU settings using an agent-
based model (ABM).

WEWEINENG MY EGTLEY For this purpose, an ABM of the patients was designed in a regional network of four hospitals in
Mashhad, Iran from April 2017 to September 2019 and all necessary parameters for the model input were measured.
The Net Logo and R software were utilized for implementing the ABM, and experimental design data analysis, respectively.

m A total of 4677 HAI events in ICUs were recorded. Acinetobacter spp. (21.8%) were the most common pathogens
isolated from ICU patients, followed by Klebsiella spp. (13.2%) and Staphylococcus spp. (12.2%). The HAIs in the first place
were in the form of VAE (37.7%) caused by Acinetobacter spp. in more than half of the study population (58.5%).

The simulation methods such as ABM are useful for intervention and management of planning, futurism, and
mortality and costs reduction. Using the appropriate tools to control the hospital infections according to the guidelines and
bundle of the World Health Organization (WHO) will reduce the probability of transmitting nosocomial
infections and Acinetobacter spp. in ICU. In this study; patient-related parameters were implied. More intervention studies
are recommended.
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1. Introduction

The healthcare-associated infections (HAls) are infection types, respiratory events (ventilator-
serious adverse events predominately emerge in the associated events (VAE)) are of particular concern.
intensive care units (ICUs) (1). Across different Defined as pneumonia occurring more than 48-72 hr
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after endotracheal intubation, VAE happens in about
37, 250 ICU patients in Iran each year (2, 3). Despite
the attempts to lower the incidence of VAE, its density
still stands at about 6.49 cases per 1000 device days
(3). The number of deaths from the HAls is significant,
and the treatment cost for those who recover is
extremely high (4). Among microbial agents,
Acinetobacter spp. are the most common pathogens
causing the HAls in the ICU patients (5).

Acinetobacter is an opportunistic pathogen found in
soil, water, human skin, food products and medical
equipment (6). The organism is a non-fermentative,
non-mobile, non-fastidious Gram-negative
Coccobacillus, capable of growing at various
temperatures and pH conditions (7). It utilizes a
variety of both carbon and energy sources, making it
survive and thrive in hospitals moist or dry conditions
(8). Its inherent resistance to an array of antibiotics
enables the bacteria to spread in the hospital setting
(9). Over the past few decades, the increasing ubiquity
and intensity of the mechanical ventilation, central
venous and urinary catheterization, and antibiotic
therapy have resulted in a burst of Acinetobacter
infections in ICUs (10).

The Acinetobacter baumannii (A. baumannii) is a
leading cause of severe infections in the ICU patients
such as ventilator-associated pneumonia, bacteremia,
urinary tract infections, and meningitis. Infections
caused by A. baumannii are difficult to treat because
of its resistance to different antibiotics (11). Most
studies have shown that the most important risk
factors in the HAls are human parameters (medical
staff), environmental parameters, and patient-related
parameters (6-11).

Nonetheless, the pathways that enable
Acinetobacter to transmit in the ICU environment and
the potential role of invasive devices are yet to be
defined (12).

The acquisition and spread of A. baumanniiis are
complex and dynamic process determined by various
inter-related factors. Exposure to antibiotics and the
resultant intestinal microbiota disruption are known
factors to predispose to A. baumannii acquisition.
Other major contributing factors for the acquisition of
A. baumanniiin in ICUs include patient-related factors
such as use of the invasive procedures, and ICU-
related factors such as transmission between patients
within the ward (cross-transmission) (11). Antibiotics
are among the most common drugs prescribed in
medicine; nearly 50% of all hospitalized patients and
75% of critically ill patients receive an antibiotic during
the hospital stay. However, up to 50% of the
prescribed antibiotics are considered inappropriate
(13).
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Simulation of epidemics has a long history in both
mathematics and medical fields. However,
calculations vary based on the addressed problems
(14). Therefore, artificial intelligence (Al) algorithms
with several applications in the field of health care,
have been proposed as a solution in many studies in
this field, which seems to increase the accuracy of
health care data calculations (15, 16).

Using computational and mathematical modelling
makes it possible to anticipate the potential disease
transmission schemes. Computer simulation and
modeling can help overcome several challenges in
conducting the ICU research (12).

Automated simulation programs are able to
simulate both the short- and long-term effects of the
infection control strategies with hundreds or
thousands of replications, a valuable feat in the actual
hospital environment. The computer model can alter
the patient, caregiver, and healthcare setting
parameters in a controlled fashion, enabling the
investigator to precisely assess the effects of each
factor (12). The approach should be able to produce
accurate results by modeling the epidemics
realistically, which helps to deal with the uncertain
dynamics and effects. It can be used for the studies on
a specific disease and is suitable for the current
research on general issues concerning the analysis of
epidemics (14).

The agent-based model (ABM) is one of those
models, which simulates the actions, behaviors, and
interactions of individuals or agents and measures
their impact on the system. The ABM uses the
advanced mathematical methods to simulate the
dissemination of transmissible agents in the
healthcare services (17).

Despite recent advances in computer science, little
research has been conducted on the role of the
mechanical ventilation in the transmission of
nosocomial infections. Identifying the transmission
routes will help pinpoint which safety measures are
the most necessary to prevent the spread of
nosocomial infections. The ABM facilitates the explicit
simulation of the healthcare worker— patient
interactions that serve as the mechanism for
multidrug-resistant (MDR) organisms transmission,
and it allows for the distinct representation of the
individual characteristics i.e., heterogeneity (11-14).

The intention of this work was to integrate the old
and new methodologies in a newly developed
framework to provide a flexible, standard, and easy-
to-handle approach for modeling a wide class of
infectious diseases (14).
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Therefore, using an ABM, we attempted to identify
the risk factors that could conceivably be implicated in
the transmission of Acinetobacter spp. in the ICU
settings. To accomplish this goal, an agent-based
simulation was designed and developed to model
Acinetobacter spp.  transmission dynamics and
investigate the impact of infection control measures in
the ICU settings.

2. Materials and Methods
2.1 Data Source

The Iranian Nosocomial Infections Surveillance
system (INIS) was utilized as the source of data for
modeling. The INIS collects data on the occurrence of
the HAIls in the hospital settings using the criteria
established by the American Center for Disease
Control and Prevention (CDC) and the National
Nosocomial Infections Surveillance Guideline (18, 19).
Apart from the clinical manifestations and physical
examination, microbiological diagnostic tests were
undertaken to confirm the diagnosis of the HAls. The
antibiotic therapy was initiated in all patients after
determination of the antimicrobial sensitivity of
bacteria isolates using the antibiotic susceptibility
testing. In this study, the risk factors of the parameters
related to the patient that were available were used.

As part of its reporting, it registers information such
as subjects' characteristics, the isolated pathogens,
and infection sites including ventilator-associated

events (VAE), urinary tract infections (UTI), surgical
site infections (SSI), skin and soft tissue infections
(SST), bloodstream infections (BSl), and pneumonia
events (PNE). For the purpose of this study, we
reviewed the medical records of the patients who
contracted the HAIs during their stay in ICUs of four
different hospitals affiliated with Mashhad University
of Medical Sciences, Mashhad, Iran, from April 2017 to
September 2019. The patients who acquired the HAls
following 48 hr hospitalization in ICUs were included
in the study. Those with incomplete hospital records
were excluded from the analysis. The collected data
comprised age, sex, underlying medical conditions
such as cardiac illnesses, digestive system diseases,
respiratory diseases, renal complications, neurological
disorders and malignancies, causative
microorganisms, infection sites, length of stay, and
rate of deaths among the patients. Multiple episodes
of the HAIs during the hospital stay were counted
separately for the data analysis.

2.2 Agent-Based Simulation

In an attempt to identify the potential role of
mechanical ventilation in transmission of
Acinetobacter spp. in ICUs, an agent-based
mathematical model (ABM) of the patients in a
regional network of the hospitals in Mashhad, Iran
was designed. The model included differential
equations related to the patient-related transmission
factors as shown in Tables 1, 2.

Table 1. Patient-related variables used in the mathematics model

Variable Name Definition

S(Y) The patients exposed to nosocomial infections in ICUs

Patients with underlying diseases who developed ventilator-associated complications in ICU (used

Eq(t - .
1(®) ventilator device)

E, (6) Patients with underlying diseases who developed non-ventilator-associated complications in ICU
2 (used other device)

E, (0 Patients without underlying diseases who developed ventilator-associated
3 complications in ICU (used ventilator device)

E. (D) Patients without underlying diseases and non-ventilator-associated complications (used other
4 device)

P4(t) The ICU patients infected with Acinetobacter spp.

P,(t) The ICU patients infected with nosocomial pathogens other than Acinetobacter spp.

Year 18, Issue 5 (September — October 2024)
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Variable Name Definition

R(t) The patients recovered from the intensive care unit or transferred to other wards

Table 2. Parameters used in the mathematical modeling

Parameter Name Definition Value

m Mortality rate of patients admitted to the intensive care unit 0.1214

Mortality rate of patients with underlying disease and ventilator —associated

ml . 0.5110
pneumonia
m2 Mortality rate of patients with underlying dis.ease and non-ventilator —associated 0.3936
pneumonia
M . . . . . . _ .
m3 ortality rate of patients without underlylng disease and ventilator —associated 0.5979
pneumonia
ma Mortality rate of patients without underlying d.isease and non-ventilator —associated 0.5275
pneumonia
m5 Mortality rate of patients with Acinetobacter infections 0.5509
mé6 Mortality rate of patients with other infections 0.4569
m7 Normal mortality rate of recovered patients 0.25
l Number of patients admitted to the intensive care unit 51
a Percentage of patients with underlying disease 0.6540
B Percentage of patients without underlying disease 0.3459
Rate of nosocomial infection with underlying disease and ventilator —associated
@1 ; 0.2544
pneumonia
Rate of nosocomial infection with underlying disease and non-ventilator —associated
@, ) 0.2544
pneumonia
Rate of nosocomial infection without underlying disease and ventilator —associated 0.2544
P3 pneumonia :
Rate of nosocomial infection without underlying disease and non-ventilator —
N . ! 0.2544
associated pneumonia
&1 Recovery rate of patients with Acinetobacter infections 0.4490
t Recovery rate of patients with other infections 0.5430
Percentage of patients with underlying disease and ventilator —associated pneumonia
U, . . . 0.3165
and Acinetobacter infections
Percentage of patients with underlying disease and non-ventilator —associated
U, ; : o 0.1422
pneumonia and Acinetobacter infections
Percentage of patients without underlying disease and ventilator —associated
U; 0.3620

pneumonia and Acinetobacter infections

Year 18, Issue 5 (September — October 2024) Iranian Journal of Medical Microbiology
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Parameter Name

Definition Value

Percentage of patients without underlying disease and non-ventilator —associated

U . . . . 0.1599
4 pneumonia and Acinetobacter infections
(% Percentage of patients with underlying disease and ventilator —associated pneumonia 0.3563
Percentage of patients without underlying disease and ventilator —associated
Z, 0.4165

pneumonia

Estimated by the numerical methods and
optimization, the parameters were then inputted into
the model to determine the size of their impact. The
Net Logo software was used for modeling. This
software is a programmable modeling environment to
simulate the natural and social phenomena. One of its
key features is that it is suitable for modeling of the
complex systems that change over time. We can
approach a real system simulation by defining the
desired number of factors, each of which has
independent behaviors. We can also define these
behaviors at the micro or macro levels and interpret
our simulation (20).

2.3 Ethical Considerations

The protocol for the current study was reviewed and
approved by the Ethics Committee of Mashhad
University of Medical Sciences under the code
IR.MUMS.REC.1399.331. The anonymity and
confidentiality of the patients’ data were taken into
consideration during the conduct of the study, in
compliance with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards.

2.4 Statistical Analysis

In this study, after organizing the hospital
information in Excel, the R Software was applied.
Logistic regression was used for modeling and using
other regression models with two-level discrete
response, and the method of estimating the
parameters of the model of the least error second
powers, as well as other methods of error

optimization. The relationship between patient-
related factors and mathematical simulation methods
was performed using Agent-based model, using Net
Logo version 5.2. Finally, to evaluate the results, the
model was fitted. The fitted model was trained with
80% of the randomly selected data and evaluated for
the remaining 20%. If the chance of occurrence
predicted by the model is higher than 0.168, the
lowest sensitivity is equal to 0.889 and the highest
specificity is 0.517. (Cl) AUC= 0.747-0.777. Several
articles have been validated in this way (11, 13).

3. Results

3.1 Clinical and Demographic Characteristics

A total of 4677 HAI events were recorded in ICUs. The
studied population comprised 2395 males (51.2%) and
2282 females (48.8%) with an average age of 55.9+23.36
years. Patients with no underlying diseases (34.6%)
cardiac illnesses (16.8%), and respiratory diseases (9.5%)
constituted the majority of comorbidities at the time of
ICU admission. The Acinetobacter spp. (21.8%) were the
most common pathogens isolated from the ICU patients,
followed by Klebsiella spp. (13.2%) and Staphylococcus
spp. (12.2%). The HAls primarily occurred in the form of
VAE (37.7%), especially among the Acinetobacter spp.,
where VAE constituted 58.5% of the HAls. The average
duration of hospitalization in the ICU wards was 26.74 +
15.1 days. The occurrence of the HAls in 47.7% of the ICU
patients eventually led to death (Table 3).

Table 3. Clinical and demographic characteristics of patients with healthcare-associated infections

Variables

Gender

Male
Female

Underlying diseases

Cardiac illnesses

HAI events (n=4677)
N (%)

2395 (51.2)
2282 (48.8)

788 (16.8)

Year 18, Issue 5 (September — October 2024)
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HAI events (n=4677)

Variables N (%)
Digestive system diseases 268 (5.7)
Respiratory diseases 445 (9.5)
Renal complications 64 (1.4)
Neurological disorders 73 (1.6)
Malignancies 178 (3.8)
Others 1243 (26.6)
None 1618 (34.6)
Infection sites
Ventilator-Associated Event 1765 (37.7)
Urinary Tract Infection 977 (20.9)
Bloodstream Infection 685 (14.6)
Surgical Site Infection 484 (10.3)
Skin and Soft Tissue Infection 281 (6.0)
Pneumonia 249 (5.3)
Other sites 236 (5.0)
Nosocomial pathogens
Staphylococcus species 573 (12.2)
Streptococcus species 65 (1.4)
Enterococcus species 322 (6.9)
Acinetobacter species 1020 (21.8)
Klebsiella species 619 (13.2)
Escherichia coli 367 (7.8)
Pseudomonas species 402 (8.6)
Candida species 504 (10.8)
Other species 805 (17.2)
Mortality 2233 (47.7)
Data are described as means for the continuous There are a number of factors that can conceivably
data and frequency for the categorical data. be implicated in the transmission of Acinetobacter in

ICUs: environmental factors, patient-related factors,
and physician-related factors (21). For the
3.2 Design of agent-based model mathematical modeling, patient-related parameters
were implied (Figure 1).

The number of cases is presented with percentages.
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Figure 1. Mathematically designed model based on the patient parameters
The population at time t is represented by N(t). Also, time t are displayed with S(t) (Table 1). Therefore, we

susceptible patients who were hospitalized in ICUs at have:

N(t) =S(t) + E;(t) + E;(t) + E5(t) + E4(t) + Py(t) + P,(t) + R(t)

Then, according to the aim of the study, various measured and differential equations were written as
parameters were defined (Table 2). Correspondingly, follows:
all necessary parameters for the model input were

ds(t)

dt
dE,(t)
dc al, S(t) — @, E{(t) — myEq(¢)

dE
20 _ (124 )as(0) - 0,500 ~ maF0

dE;(t)
dt = ﬁzZS(t) - (ngB(t) - m3E3(t)

dE
40 (110850 - @,Ex(0) ~ myEy(®

=@, U E () + @,UzE5 (L) + @ U3E3(t) + @, U4E,(t) — § P1(t) — msP4(t)

=l-(a+B+m)S(t)

dP,(t)

dt
dP,(t
% =@ A1-UDE1() + @,(1 —Uz)Ez(t) + @,(1 — U3)E3(t) + @, (1 — Uy )E4(t) — §,P,(t) — mgP(1)

dR()
= 9P1(®O + &P () —m;R(D)

The equilibrium point was defined as:
Q* = (S*lEl*!E2*1E3*1E4*1P1*1P2*)

To obtain equilibrium point @, of the system, the
following differential equations were written:
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l-(a+p+m)s.(t) =0
ag,S.(t) —@,E () —mE () =0
(1- (l)aS*(t) —@,E;, (1) — myE, (t) =0
BT,S.(t) — @ E;5 () —m3E;3 (1) = 0
(1 - ZZ)BS*(t) - ‘P4E4*(t) —muE, (1) =0
@, U E{ (1) + @,UzE; (1) + @ U3E3 (8) + @ UE, (t) — 8, Py, (t) —msPy (t) =0
@, (1-UE,(®) +@,(1 - Ux)E; (1) + @;(1 — U3)E3 (1) + @, (1 —Uy)E, (t) — §,P;, (1) —meP, (1) =0
§,P1, (D) +§,P, () —m;R.(£) =0

By solving the above cluster of equations, we
obtained the following values:

l
Ta+B+m
a
E =1 g
¢ +tmy
a(l1-¢§,)
2, ==
P2 tm;
By =P g
@3+ mg
B(1—-¢4)
4= S,
Pstmy
_ P1ULE1, + @2UzE; + @3U3E; + @ UKy,
1 $1+ms
p. — @1(1 —UEy, + @2(1 —Up)Ep, + ¢3(1 — Uz)E3, + @4(1 — Uy)E,,
2 §1+ms
The equilibrium point Q is in the positive interval. In this section, we followed the calculation of

numerical output corresponding to the above
differential equations system by the Runge-Kutta
fourth order method. It is initially assumed that:

X(t) = (S(O), E1(1), Ex(1), E3(1), E4 (L), P1(2), P2 (L), R(D))

According to the above assumption, the differential
equation is rewritten as follows:

3.3 Numerical Solution

X _
= = F&X®)
X(0) = X,

Where, the rows of vector F correspond to the lines
of our differential equations. The initial value of the
system is also displayed as follows:

X o = (5(0), E1(0), E2(0), E3(0), E4(0), P1(0), P2(0), R(0))

By defining the appropriate step length h, the time
interval is divided into N equal parts then:

And we have: N > 0
ti=a+jhforj=1,../N
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It is defined now:

( Ki=hFX(@®)

h K,
K, = hFG; ,X(® + =)

lKg = hF(E ,X(t) +7)
K, = hF(h,X(t) + K3)

And finally:

1
Xn+1 =Xn+ E(Kl + 2K2 + 2K3 + K4)

Based on the above numerical method, diagrams
comparing Acinetobacter infection with other
infections were drawn in Maple software according to

the initial calculated parameters. They are shown in
Figure 2.

35004,
3000+
2500+
2000+
1500+
1000+

500

0 1 2

[—E1—-E2---

*E3 — - E4——R — -P1 — - P2

Figure 2. The rate at which infections spread over time. E1(t); Patients with underlying diseases who developed ventilator-
associated complications in ICU. E2(t); Patients with underlying diseases who did not develop ventilator-associated complications
in ICU. E3(t); Patients without underlying diseases who developed ventilator-associated complications in ICU. E4(t); Patients
without underlying diseases and non-ventilator-associated complications. P1(t); The ICU patients infected with Acinetobacter
spp. P2(t); The ICU patients infected with nosocomial pathogens other than Acinetobacter spp. R(t); The patients who recovered

from the intensive care unit or transferred to other wards.

In patients who used ventilator, the rate of
Acinetobacter infection and other infections showed
an upward course, which reaches its maximum in a
period of time (first week), while, patients with
Acinetobacter infection are less than the patients with
other infections. In this curve, when recovered
patients select their maximum value, patients of E1,
E2, E3, E4 groups are descending and select their
lowest value and this happens exactly between the
second and the third weeks. According to all curves, at
the end of 2 months, the number of patients reaches
their equilibrium point (Figure 2).
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The sensitivity of the model in expressing the
changes in the occurrence of Acinetobacter on the
model variables and its characteristics showed the
area under the rock curve at 0.762 that is almost
acceptable.

4. Discussion

Nosocomial infections are one of the most common
problems in the health care system. Acinetobacter
spp. are the most common cause of the hospital
infections in the ICUs, which have shown antibiotic
resistance, and the most important risk factors are the
length of hospital staying, long-term antibiotic use,
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and underlying diseases that increase the costs and
long-term disability and mortality (22-26).

According to the results of studies, patients
admitted to the ICUs are 5-7 times more likely to have
nosocomial infections (27). There are several factors
that could conceivably be implicated in
the transmission of Acinetobacter in ICUs that
include: environmental factors, patient-related
factors, and physician-related factors (11, 23, 28-30),
however, the relative importance of each in the
healthcare setting is unknown.

For the mathematical modeling of Acinetobacter
transmission in the ICUs, in this study, we used ABM
to understand the effect of the patient-related
parameters. These parameters were calibrated and
evaluated using the observed data from 4
independent sites (hospitals) over a period of 18
months. Therefore, data from multiple sites can help
to reduce the uncertainty surrounding this calibration
process that is available via collection through the
randomized clinical trials. We showed that the
calibrated transmission probability, the calibrated
underlying disease, and invasive devices effect were
high compared to the final calibrated parameter
values. These results suggest that VAP prevention
bundles and guidelines were efficient in reducing the
rate of VAP.

The present data indicated that patients with a
history of underlying disease and use of invasive
devices like mechanical ventilation were more likely to
get Acinetobacter infection than other bacteria. The
Acinetobacter spp. (21.8%) was the most common
organisms responsible for the development of the
HAls in the ICUs of the northeast Iran. The most
important way to transfer was through a mechanical
ventilation device. Papazian et al (29) demonstrated
that ventilator-associated pneumonia (VAP) remains
one of the most common infections in the patients
requiring invasive mechanical ventilation.

The incidence rates greatly varied based on the
studied population. For example, VAP rates were
reported as high as 24.5% in the cancer patients but
17.8% in the trauma patients (30-32). The organisms
associated with VAP vary according to the several
factors including duration of the mechanical
ventilation, the length of hospital stays before VAPs,
timing and cumulative exposure to antimicrobials. The
usual Gram-negative microorganisms involved in VAP
were Pseudomonas aeruginosa, Escherichia coli,
Klebsiella pneumonia and the major Gram-positive
microorganisms were Acinetobacter spp and
Staphylococcus aureus (33-42).

In this study, the prevalence of VAP was 37.7%. In a
study by Salehifar et al (39), the prevalence of hospital
pneumonia was 11.4% (VAP: 91.4% and Non-VAP:
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8.6%), and the most common organism was
Acinetobacter spp. (22%). In the study of Amri Mele et
al (40), the prevalence of VAP was 27.6% from that
24.3% was caused by Acinetobacter spp..

Similarly, in a study by Wang et al (43) in China, in
the field of infections related to the invasive devices,
ventilator was the most common instrument that
caused nosocomial infections.

In a study conducted by Barnes et al (13) using an
ABM (with the help of Net Logo software) to
investigate the effects of reducing antibiotic use on
the transmission of resistant microbes, the results
showed that considering the effect of the microbiome,
the rate of infection transmission is reduced from 75%
to 65% (10%). Considering that about 75% of the
patients in the ICUs take antibiotics and 50% of them
use it inappropriately, it is expected that the
transmission of infectious agents and drug resistance
will decrease clinically, even with a moderate
decrease in the antibiotic use (13).

In the 2016 study, Doan et al (11) performed an ABM
(with the help of Net Logo software). Assuming that
25% of the patients had colonization and 18% had
infection, after including the human parameters (hand
hygiene) and environmental parameters
(environmental cleansing) in the model the results
showed that the rate of infections would be reduced
by more than 80% (11).

Most studies have shown that the underlying
diseases and invasive devices are the most important
risk factors for the nosocomial infections in the ICUs
(41-44). The results of the studies showed that 90% of
the nosocomial infections are caused by bacteria that
the type of bacteria is different in various
communities. The prevalence and pattern of the HAI-
causing microorganisms vary by the hospital,
geographic area, and the patient status (44). It is
therefore reasonable to expect a slight discrepancy
with previous reports on microbiological etiology. Due
to the advancement of technology and the occurrence
of emerging diseases, it seems that the use of new
analytical methods and simulation modeling methods
such as ABM that can show the infection tracking will
be useful in controlling and preventing the infections.

Besides, preventive measures focus on the
modifiable risk factors, mediated by the non-
pharmacological and pharmacological evidence-based
strategies recommended by the guidelines and
bundle. Because of the nosocomial infections
potential associated with the coronavirus infection
(COVID-19) and increased mortality and costs, the
management planning is strongly recommended (45-
50).
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5. Conclusion

Seemingly, the use of modeling methods such as
agent-based modeling (ABM) along with the disease
simulation for intervention and management planning
and futurism will be useful and will help to reduce the
mortality and costs. In addition, given the conditions in
hospitals, it may be possible to design appropriate tools
to control the infections. Therefore, due to the high
prevalence of Acinetobacter spp. in the study
population, considering the guidelines and bundle of
the WHO and CDC and the compliance Standard
Precautions can reduce the probability of transmitting
the nosocomial infections and Acinetobacter spp.
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