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Abstract

Tuberculosis, a bacterial disease caused by the intracellular pathogen. Mycobacterium tuberculosis and it
is accounted for two to three million deaths per year. Causative agents are mostly localized in lymph nodes and
are not easily controlled. The basic purpose of this review was to assess the diagnostic accuracy of computer
simulation modeling as a screening tool for implementation in health care sectors. Therapeutics have limited
scope for the treatment of Tuberculosis because they are composed of multiple drugs that retard the essential
cellular pathways in Mycobacterium tuberculosis. Modeling Tools are effectual and widely used for designing
control strategies. Onset of disease, epidemiological conditions, prophylactic, and genesis of disease is analyzed
by simulation modeling. CAD software is used in lung segmentation. Meta-Disc is used for the exploration of
heterogeneity. Artificial neural network is a three-layered back progression network having Matlab 7.0 version
and it works like a brain for the detection of smear-negative samples. Constraint-based modeling provides a
narrative approach to examine microbial metabolism but has not yet been applied to genome-scale modeling of
Mycobacterium tuberculosis. Active case finding simulation tools are remarkably used to minimize the case
detection-gap.

Keywords: Tuberculosis, SimulationModel, Epidemiology, Matlab, Neural network, Mycobacterium
tuberculosis

Introduction

Computer simulation methods are used to control the spread of infectious diseases and it helps as resource
outcome of alternative strategies for analysis.Simulation modeling is used for in vivo and in vitro study.
Infectious diseases such as AIDS, tuberculosis,influenza are studied through simulation models
(Panchanathanet al., 2010). Epidemiological characteristics are analyzed by using computer simulation
modeling.Many processes are optimized and evaluated by such a powerful research engine. In healthcare,
research simulation is rooted for three decades but the usage of simulation in non-academic practitioners has
increased in the past five to ten years. Simulation modeling proliferation is evident in health care centers
(Brenneret al., 2010).Model usage is specified by the availability of tools, parameters, and research
questions.Deterministic,stochastic,and agent-based systems are widely used (Saxenaet al., 2018).
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Materials and Methods

Review of literature was undertaken to summarize the role of computer simulation models used in
diagnosis, progression tendency and treatment predictions of tuberculosis.

PubMed, Google Scholar, and academic research databases like Web of Science, IEEE Xplore and Science
Direct were used from October, 2019 to March, 2020. Keywords used to compare and contrast these models
were artificial neural network, python, machine learning, artificial intelligence, chest x rays scores, and
infections.

Results and Discussion

Tuberculosis: Tuberculosis (TB) is a bacterial disease caused by Mycobacterium tuberculosis. It is considered
as a serious health consequence because bacterium attacks the lungs and other parts of the body. Bacterium
infected about one-third of the world’s population and about three million deaths are reported each
year(Okuonghae, 2013).Mycobacterium tuberculosis is transmitted through close contact between people by
cough,sneeze, and air currents(Bloweret al., 2002). In China, TB epidemic isseasonal and mostly occurs in
winter and spring season(Rao et al., 2016).New cases of TB estimated in 2016 by world health organization are
10.4 million(Glaziuoet al.,2018).All over the world, 80% of cases are seen in 22 densely populated countries.
Per 10,000 people the incidence rate of TB is 59 to 1063(Zhao et al., 2017).

After exposure to Mycobacterium tuberculosis, infection passes to the early latent stage. TB agents are
mostly located in lymph nodes.Later on, active form is transferred toadvanced latent form.Organs and tissues
are invaded by inactive forms.Active pulmonary tuberculosis involves the formation of inflammatory tissues in
the lungs and respiratory tracts.High mortality rate leads to bacteria excretion.Although, Mycobacterium
tuberculosis is not destroyed and overall recovery is impossible (Melnichenko and Romanyukha, 2009).

Infectious diseases spread mainly due to the interconnection of the world. Aspects of geographics highlghts
that the speed of the spread of infectious disease is faster nowadays.TBinfection is not easily controlled.Due to
improper treatments,no usage of medicines as prescribed by physicians and low quality of medicines may
develop multidrug resistance TB (MDR TB) (O’Brien,1994).The incidence of tuberculosis is more among HIV
positive people.In 2013 among HIV positive people 320,000 death cases were recorded (Glaziouet al.,
2018).Besides using antiretroviral therapy,antimicrobial chemotherapy, WHO short-course chemotherapy
strategy, and applying control measures TB is still a major cause of death. InChina, the tuber culosis incidence
rate is declined by < 0.1 % in the year 2005 (Dowdy and Chaisson, 2009).Pakistanhaving 179.2 million cases is
ranked 5" among highly burdened TB countries.According to the National TB control program, 413,450 TB
cases are reported every year in Pakistan (Khan, 2017).

Computer Simulation models: Tuberculin test, fluorography, and septum tests are used for the detection of
tuberculosis infection. Among children, TB is detected by using a tuberculin test.It is done once a year.Inadults,
TBis done by fluorography. It is mostly done once in a duration of six months during visits to clinicians. It is a
preventive method usually done at an earlier stage of infection even at that time bacterial excretion is not
started. Persons who are not diagnosed by flurogram and in those whom changes are reported after treatment,
bacteriological tests are applied (Melnichenko and Romanyukha, 2009).

Global Funds to Fight AIDS, Tuberculosis and Malaria(GFATM) are aided and strengthened by simulation
tools. HIV resources in past are mobilized by AIM and Goal tools i.e. spectrum software suite models (Stover et
al., 2010). Transmission modes of tuberculosis are studied by using different models including Disease
Transmission Kernel (DTK) model (Huynh et al., 2015). Infectious diseases are simulated by deterministic,
stochastic, and agent-based models (Lee et al., 2008). Type of model to be used is determined by the
availability of tools and parameters. Stochastic models are useful to cure disease. Due to the low prevalence of
clinical courses in the community,stochastic courses outcome impact is high (Walensky et al., 2002). Due to
relative simplicity, deterministic models are mostly used (Arenas et al., 2009). Non-homogeneous spread of
infection in the community is overcome by agent-based models. Clinical facts of infection must be considered
for using any variability in models. Clinical features such as resistance sate, expose state and passive maternal
immunity are considered. Infectivity and contagiousness are evolving parameters for any infectious disease.
Any unique model is developed for every disease by accounting its evolving parameters. Validity is a
continuous process and validity of the model must be taken into account.Many studies mostly rely on
conclusions without checking the validity of its use (Musgrave and Watmough, 2009).

A study was conducted to analyze tuberculosis by using computer-simulated methods. Simulations models
stability was checked by using software packages like Matlab and Simulink software.Mathematical biology TB
and its developmental procedures were studied by using computer simulation methods (Chung et al., 2013).
Simulation is rooted in healthcare systems. According to Robert and English, (1981) emergency and non-
emergency admissions are studied by using simulation.In healthcare sectors, the use of simulation has been



YAQOOB ET AL (2020), FUUAST J.BIOL., 10(2): 127-136 129

increased throughout the 1980s and 1990s.In past simulation methods are used for hospital bed
planning,emergency medical systems,scheduling and patient flow (Benneyan,1997).

Melnichenko and Romanyukha, (2009) applied computer modelto analyze the onset of disease,
epidemiological conditions, prophylactic, and genesis of disease. Basic mechanisms were included and
development of a simulation model was based on birth rate, death rate, and migration because demographics
play a vital role in the emergence of disease. They concluded that incidence, prevalence of infection, and
mortality can be assessed with the help of computer simulations models.

Computer- aided detection (CAD) of TB: Chest x-rays (CXR) is used as a screening tool for tuberculosis
(Kranzer et al., 2013). Verbal screening done for TB is less sensitive than CXR (Ellis et al., 2006). The role of
CXR in the diagnostic field is limited due to the non-availability of trained personnel, cost, and limitations of x-
rays facilities (Onozaki et al., 2015). The advantage of digital chest radiography is that software is capable of
automated interpretation such as the “Computer Assisted Diagnosis for TB” (CAD4TB) software. Diagnostic
Image Analysis Group of the Radboud University Medical Centre, Netherland introduced a low source
Computer Assisted Diagnosis For TB (CAD4TB). CAD4TB is a digital chest radiography used with the aid of
software for automation (Pinto et al., 2013). In programmatic settings, CAD4TB 5 is the automatic CXR
reading software used for diagnosis (Fig.1).CAD4TB 5 has two main components i.e. quality check and TB
analysis (Melendez et al., 2017).

Chest x-ray scoring procedure for pulmonary tuberculosis:CAD4TB is a machine learning methodology
based on software used to differentiate between normal and abnormal x-ray images.Textural abnormality and
shape abnormality are identified in the lungs with cumulative abnormality score (Range 0 - 95). A higher score
is indicative of more serious tuberculosis(Ginnekenet al.,2006). Radiologists and clinicians can use cloud-based
software for TB diagnosis purposes. However, CXR abnormalities are not differentiated in persons suffering
from pneumonia and lung cancer using CAD4TB (Fig.1). It is used as a screening tool but has certain
limitations (Zaidi et al., 2018).

Verbal screening for
TBsymptoms(cough,fever,hemoptysis,

Individuals with presumptive TB
symptoms referred to TB diagnostic
and treatment centres
Chest X-Ray with CADATB

MTB +ve/-ve

Fig. 1. Screening and diagnostic algorithm - CAD4TB

Computed tomography scan - diagnosis of spinal tuberculosis:Spinal tuberculosis also known as Plott's
disease is a form of skeletal tuberculosis. Its incidence is high in areas having pulmonary TB affecting about 1
to 2% of cases of tuberculosis. Infection mostly occurs in the anterior portion of the vertebral body.Anterior
vertebral body destruction can be seen through a computed tomography (CT) scan. Cloaca is visualized, thick
and irregular wall shown on CT scan is due to paraspinal abscesses (Boushab et al., 2019).

MATLAB Based Neural Artificial Network:Pulmonary tuberculosis is diagnosed using MATLAB based
neural artificial network. Artificial Neural Network is a mathematical model work like a brain and manages
information.Diagnosis of Pulmonary Tuberculosis using accurate methodology is important to control its
prevalence.In the past due to lack of standard tuberculosis diagnosis is not satisfactory. Earlier used methods
performance is not good. So there is a need to use accurate methods to overcome tuberculosis complex
problems. Even a less experienced person can handle artificial neural networks easily due to easy labeling.
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Artificial neural is a three-layered back progression network. Model designing is based on the detection of
tuberculosis and the interpretation of results. Matlab 7.0 version is used for such systematic designing. A
graphical based approach is known as the GUI program and its easy to handle.Axrtificial neural network training
involves shape features and symptoms. The Dicom formatted x-rays reading is taken by converting it into
Matrix format. Morphological features are extracted by viewing these images (Fig.2). To the neural network
extracted features are fed. Tuberculosis detection is done based on reading images shape features and
symptoms. Graphical user interface(GUI) development involves image processing, reading, histogram plotting,
and result interpretation either person has TB or not (Chandrika et al .,2012).

Image —_ Image Feature Artificial
b —» | Database | —» —_ i
database read Extraction Neural Display
Network

Fig. 2. Dependency diagram for diagnosis of tuberculosis using MATLAB neural netwrok

In the past calculation of the number of hidden layers is a major issue due to lack of analytical formula.
Hidden layers determination is done according to trainee experience and repeating procedures. In present, a
Back progression(BP) with variable neurons having hidden neuron information is introduced. Artificial neural
networks (ANN) overcome the limitations of the regression model. ANN is a cost-effective, satisfactory network
having 73.68% sensitivity and 69.05% specificity. ANN has remarkable applications in signaling, pattern
identification, diagnosis, and forecast predictions (Fig.3). While training databases for artificial neural network
following steps are taken into account: TB and Non-TB images readout,noise removal, and shape features
calculations. In the end, vector values are fed to the network and same process is repeated for all images
(Chandrika et al., 2012).

TB images Image
Read the . g I g _
database Non-TB images pre- processing
Dump the
| Shape features | Mask
features calculations generation
vectors
Training net End Results
Repeat forall )| knowledge |—)
images based

Fig.3. Application of ANNfor TB (Chandrikaet al., 2012)

Tuberculosis pleurisy - Meta Discl.4 software:Tuberculosis pleurisy is classified as extrapulmonary
tuberculosis (EPTB)(Gui and Xiao, 2014).In the past Tuberculosis pleurisy effusion (TPE) diagnosis was done
through pleural tissue biopsy. The success rate of pleural fluid mycobacterium culture is 36% (Tay and Tee,
2013).Distinction between malignant pleural effusion and TPE is difficult due to poor laboratory
findings.Accurate diagnosis of TPE needs a reliable biomarker. A denosine deaminase (ADA),C-reactive
protein (CRP), interleukin-6(IL-6), and lactate dehydrogenase (LDH) are widely used biomarkers. ADA an
enzyme and involved in catalysis of adenosine to inosine and its level increases in TB because mycobacterial
antigens stimulate T cells lymphocytes (Barua and Hossain, 2014).ADA1 and ADAZ2 are two isoenzymes (Tay
and Tee, 2013). In Tuberculosis pleural effusion, level of ADA is high due to higher activity of ADA2.
Lymphoid cell differentiation is based on the level of ADA and correlation between ADA level and
lymphocytes count is examined. A comparison of TPE and overall study population showed that weak
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correlation exists between age and ADA level. Immunity affects the pleural fluid ADA level. ADA activity is
not based on the amount of lymphocytes rather it is based on TB and rapid proliferation rate of lymphocytes
(Tay and Tee, 2013).

Meta Disc 1.4 software is created in Microsoft visual basic 6 and is an accurate meta-analysis software include
dialog boxes, roll down menus, and online helping facilities (Zamora et al., 2006). Meta Discl.4 software is
used for checking the sensitivity, specificity,positive likelihood ratio (LR+) and negative likelihood ratio(LR-)
of ADA in the diagnosis of TB. Data is analyzed. Sensitivity and specificity are determined by Forest plots.
Accuracy of ADA in diagnosing TB is checked by calculating summary receiver operating
characteristic(SROC) curve. The results show that the non-threshold effect is the cause of heterogeneity and the
source of the non-threshold effect is cut off value of ADA. When ADA is higher than 50U/L it acts as a reliable
biomarker. ADA test is simple and affordable,its range value is important to assess the diagnostic pattern of TB.
There is no proper standard in the ADA cut off value while diagnosing tuberculosis. The disadvantage of this
software is that it can not distinguish between bacteria meningitis and TBM (Tuon et al., 2010).

(Mycobacterium tuberculosis-) Artificial Intelligence:In the 1990s computer-aided diagnosis system was
introduced to detect stained bacilli. Chromatic structural patterns are identified with these computer programs.
Although it's easy for an experienced pathologist to identify a bacilli because each has its specific morphology.
But the main problem is that morphological features range in which they vary is not precisely
recorded.Artificial intelligence(Al)-assisted detection method was used. Total 201 test samples (108 positive
cases and 93 negative cases) were set. Classification model training is done on the CIFAR-10 dataset. As target
is small i.e. 20x4 pixels so CIFAR-10 is designed to deal with micro-images.Mini-batch stochastic gradient
descent algorithm is an optimal method. The initial learning rate is set to 0.05 and after every five epochs, it is
multiplied by 0.1. Model trial is done for twenty-five epochs. The sliding window method generates 32x32
pixel patches.These patches are fed into TB-Al.A map of each slide is generated. The first run of machine
learning methodology is error-prone.The second run is necessary.However, in the second run, two positive
cases are missed and seventeen negative cases are misdiagnosed (Table 1).TB-Al is 97.94% sensitive and
83.65% specific.It has certain limitations in distinguishing contaminant bacilli from pathogenic bacilli.
Pathologists have to confirm the positive results given by TB-Al(Xionget al., 2018).

Table 1. Diagnosis of test cases by TB-Al and pathologists

First run 151 cases are similar to 93 cases are positive 61 cases are negative
pathologists
47 cases differ from 15 cases are 32 negative by pathologists
pathologists positive(pathologists) but but positive by TB-Al
negative by TB-Al
Second run | 28 samples are diagnosed 20 positive cases 8 negative cases
accurately

Progression of tuberculosis and computer simulation models: Granulomas are the main site of
Mycobacterium tuberculosis infection. Granulomas are dense structures having immune cells. Inhaled
mycobacteriumare transported across the alveolar epithelium and lymph nodes involves a series of events
leading to the production of anti-inflammatory chemokines.As a result of an immune response, additional
mononuclear leukocytes are accumulated at the site of infection. Macrophage rich cell mass known as
granuloma is formed.When a person is infected, primary granulomas start to progress at an early stage and in
latent stage granulomas reactivate (Guirado et al., 2013).

Vitamin D deficiency also leads to the progression of TB. Vitamin D is an important immunomodulator of
innate immune response act as a cofactor and induces antimicrobial activity. The serum level of vitamin D is
low in TB patients. Females have a higher progression rate as compared to males due to such deficiency.
Vitamin D association with TB progression is checked through Kaplan-Meier analysis and result is supported
by meta-analysis(Talat et al., 2010). Besides genetic,sex and ethnicity, ecological conditions are also TB
prevailing factors. TB incidence is also related to temperature, wind speed, and precipitation. Spatiotemporal
data analysis is aided with the help of spatial autocorrelation and spatial penal data tools. OpenGeoDa software
is used for conducting spatial-temporal data (Rao et al., 2016).

All TB states are modeled individually. Even a healthy person has a greater risk of developing a disease
like tuberculosis. First state ELTB (early latent TB), persists for a period of five years during which a person
has a greater chance of active TB (ATB). Later on patient enters the latent state which can last for many years
and have a slow progression rate. Mortality rate increases in symptomatic patients (Kasaie et al., 2013). New
TB drugs can be marketed by understanding the pathophysiology of granulomas (Guirado et al., 2013).
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Agent-based simulation methods describe the natural epidemic history of tuberculosis. Infection modeling is
done as a linear function of time in the case of active TB patients.Infectiousness increases from zero to a
maximum infectiousness Imax during the first nine months of the disease and remains unchanged for the rest of
the disease.Upon diagnosis and treatment, active cases can be recovered but multiple reinfections are required
for latently infected people to return to ELTB (Kasaie et al., 2013). A brief epidemiological trends of TB are
provided in table 2.

Table 2. Epidemic trends of Tuberculosis

Parameter Duration Study

ATB - mortality rate 0.12 per year Tiemersmaet al.,(2011)
Early latency TB (ELTB) duration 5 years Dowdy et al., (2012)
Fast progression rate 0.03 per year Vynnycky and Fine, (1997)
Slow progression rate 0.005 per year Horsburgh, (2004)
Recovery rate 0.12 per year Tiemersmaet al.,(2011)
Diagnosis and treatment rate 0.74 per year WHO, (2013)
Latent immunity toward re-infection 0.8 Andrews et al., (2012)

Significance of computer simulation models:Matlab based simulation platforms can be used to analyze results
and simulate molecular dynamics of epidemiological conditions. Ancillary, Simulink toolbox, and Matlab
softwares are used in the computer simulations model. Theory, modeling, evaluation, and accuracy of the model
are crucial steps of computer simulations.Computer simulation models as compared to mathematical models can
deal frequently with complex random events and different health policies (Chung et al., 2013). Simulation
models predict that the effectiveness of strategies based on the combination of treatments and prevention is
more than a strategy based on treatment only (Brewer and Heymen, 2004).

Artificial neural network detection method based on adaptive resonance theory is the most reliable model
for the detection of smear-negative samples (Mithra et al., 2018). The artificial immune system(AISs) is a new
part of computational science that uses genetic algorithms to simulate biological behaviors. AlSs are used for
diagnostic purposes (Shamshirband et al., 2014). Disease simulation is a complex process including random
nature, uncertainty, and a lot of information needed to be compiled. Software operations and computer
simulations play a key role as a research and teaching tool.Software is cost-effective, fast and appropriate tool
for diagnosing tuberculosis (Chung et al., 2011).

Limitations Of Computer Simulation Models: To make use of whole-genome sequence data for routine uses
software tools are developed.While developing software tools developers centered on technical aspects
morethan a practical one.In clinical cases to provide full data packages, more improvements may be needed in
software tools i.e user-friendliness, privacy, version control, data management, and Laboratory Information
Management System connectivity. For the development of software tools mycobacterium field expert
collaboration must be needed (Beek et al., 2019).In the 1960s when the computer was used as a research
tool,bioinformatics was introduced.In scientific community biological data is interpreted with the help of
various tools. Biological data from high throughput techniques, scientific experiments, and literatureis
organized, visualized, and analyzed with the help of computational tools. All of these tools are available online
(Machado et al., 2018). Table 3 summerizes various tools used for TB.

Table 3. Computer simulation models for Tuberculosis

Reference Study Tool
Jacques et al., (2005) Analysis of transcriptional regulation in MTBRegList
bacterium
Catanhoet al., (2006) Genomics comparative analysis GenoMycDB

Mycobacterium tuberculosis
comparative database

Steingart et al., (2007) Serological antibody detection tests for Meta-Disc 1.4 software
diagnosis of pulmonary tuberculosis
Zhu et al.,(2009) Functional and genomic study of genus MyBASE
Mycobacterium
Kapopoulouet al.,(2011) Insilico generated information on genus The Mycobrowser Portal
Mycobacterium and essential genes
Lew et al., (2011) System supporting functional annotation MycoMemSVM

including protein analysis
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Conclusion

Tuberculosis is a widespread infectious disease that affects millions of people worldwide every year. Due
to the alarming rate of the spread of Tuberculosis particularly in developing countries, medical experts are
implementing new strategies for the diagnosis, treatment of this disease. In the past Tuberculin
test;flurographywas used for the detection of TB. Currently Deterministic, Stochastic, and Agent-based models
are used. More research is needed to develop new diagnostic tools that will treat the most resistant strains of
Tuberculosis. Simulation model stability is checked by using software packages like Matlab and Simulink.

In terms of aims reported at the start of this paper, it can be acquired that the computer simulation model is
essential although development and implementation are a communal and complicated issue. Besides
developmental stages, modeling has certain limitations. The model focuses on the individual who is susceptible
to TB and failed out to predict the persistence of TB in subpopulations.
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