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Abstract

The spread of tuberculosis (TB) and disaster are two events that both have a
negative impact, but when they occur together, there is often
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a neglect of the spread of TB. The number of individuals piling up in
refugee camps with different disease histories could be a place for TB
to spread. This study aims to analyze parameters that are important
factors in modeling the spread of TB in disaster situations with the SEIR
model. This study involved 75 respondents from TB program managers in
cities and sub-districts. Respondents involved in focus group discussions
(FGD) are those who have handled TB cases in disaster situations such
as floods, earthquakes, and social disasters. The results obtained are
that there are two groups of obstacles in the management of TB cases
in disaster situations, namely environmental factors and habitual factors.
These two factors influence the process of case discovery and healing.
Based on the results obtained, the effort that needs to be made in disaster
situations is to increase the healing process to more than three times under
normal conditions. This needs to be done because a buildup of infected
populations will occur and be visible after a few months after the disaster.

Math. Subject Classification: 92D25, 92D30
Key Words and Phrases: TB models, health disaster management,
environmental factor, habitual factor, TB treatment.

1 Introduction

TB can be prevented, treated, and cured, but the disease is a serious public
health problem worldwide, affecting t he m ost v ulnerable groups ofs ociety. In
addition, although the cost of diagnosis is low, lack of examination, delay in
investigation, and misdiagnosis are common causes of delayed treatment and
unreported cases, making it difficult to take action to break the chain of disease
transmission. Therefore, scalable, low-cost, and rapid-response solutions are
essential to prevent populations from advanced and critical tuberculosis. Middle-
aged people, who are between the ages of 18 and 50 at their most productive
age, are most affected by T B. Based on records, the estimated global incidence
rate peaked in 2002 at 141 cases per 100,000 population, and gradually in 2010
the number of cases fell to 128 per 100,000 population [1]. In Indonesia, TB
cases have risen and placed Indonesia to rank 2nd TB in the world.

Various efforts have b een made in various countries, for example t he use of
artificial intelligence to detect T B in Chest radiographs (CXR) which has made
significant progress over the last three decades [2], [ 3]. Despite widespread pub-
licity and awareness regarding the implementation of various control measures,
such as Bacillus Calmette Guerin (BCG) vaccination, direct observation ther-
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apy strategies (DOTS) of the TB cessation section at WHO that focus on case
finding and short-term chemotherapy, the global burden of T B has increased in
recent decades [1]. In countries where TB infection is more rampant, infants are
often given the BCG vaccine because it can prevent severe TB in children [4].
For example, the BCG vaccine is not recommended for use by the general public
in the United States due to the fact that it only has the best effect on children.
Until now, a number of new TB vaccines are still in various stages of development
and testing. Pampaloni et al. [5] states that immigrants and refugees arriving
in Italy are sent directly to the Port. The screening results showed that at least
25% of refugees had a productive cough and detected some infected with TB.
Research [5] also states that screening programs reduce dissemination based on
mathematical model simulations performed.

Omede et al. [6] highlights the challenges posed by drug resistance in the
treatment of tuberculosis and highlights the importance of understanding disease
dynamics through mathematical modeling to develop effective strategiesin its
control. Many mathematical models have been established to describe the con-
ditions under which TB spreads. In general, there are succeptible (S), exposed
(E), infected (I), and recovery (R) populations [7]. In population S, researchers
have used several ways to form accurate S, such as dividing it into age levels [8],
[9], levels related to doses at a certain age [10], and infant populations given the
vaccine [11]. In population E, it relies heavily on several genes in TB coreceptors
(e.g. HLA and non-HLA) that are associated with susceptibility and resistance
to tuberculosis and the rate of progression to active TB. The speed of population
E to I led some researchers to divide it into latent with long progress, exposed
with normal time, and exposed which quickly became infected [12]. Whereas in
population I, there are often studies that divide it into treatment populations
[13], infection without knowledge and with knowledge of TB [14], and quaran-
tine. While the results of infection treatment will be distributed into several
population compartments such as perfect and inperfect recovery [15].

TB is also often associated with some vulnerable groups, including groups
coinfected with HIV [16], groups with lung problems such as smokers [17] and
Covid19 [18], [19], children under the age of 15 [20]-[23] and groups with co-
morbid disorders such as diabetes [24]. Ideal modeling often ignores that these
groups are separate from the general public. In fact, in certain circumstances
this group can be in the same environment. In this study, the model built is
based on the assumption that all vulnerable groups are in the same environment
as the general group as in a disaster situation. Irregularities caused by disasters
can undermine the order of programs for TB elimination. Therefore, this study
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aims to model the spread of TB in disaster situations by considering certain
parameters that arise in disaster situations.

2 Method

The study was conducted in Aceh Province, Indonesia with the consideration
that this area has a representative disaster history for the model. Disasters
recorded in the history of data collection include natural disasters (earthquakes,
landslides, and floods) and social disasters (conflicts and refugees from other
countries). The parameters considered in this study are environmental and ha-
bitual parameters obtained from the results of focus group discussions in 5 cities
in Aceh Province. There were 75 respondents from TB officers at the city and
sub-district levels who gave opinions.

The initial state of the individual can be said to be susceptible (S) which
can then turn into a latent / exposed individual (E), but this individual has not
been fully infected with the disease (I). If individual E becomes infected then
it can be said that the individual turns into I. Once infected and then becomes
cured, this individual becomes a cured individual (R). In general, these changes
can be seen in Figure 1 below:

S LIS £ eE v/

A
—

4
=

Figure 1: SEIR type epidemic model

Changes in vulnerable groups caused by the interaction of vulnerable indi-
viduals with sick individuals with transmission rate parameters of 8 which will
then be included in the latent group, resulting in an increase in the number of
individuals in the latent group. Individuals in the latent group will decrease
due to the active bacteria in the patient’s body, so that they will be included in
the sick group with a change rate parameter of €, this results in an increase in
individuals in the sick group. The number of individuals in the sick group will
decrease if the individual has recovered from the disease and will be included in
the cured population with a cure rate parameter of v, this results in an increase
in individuals in the cured group. The number of individuals who have recovered
is assumed not to be infected with TB disease again, so a system of differential
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equations can be made for the main model of SEIR type epidemics as follows:

Information:

dS

— = —f(S1

dt b

dE

— =S —¢F

o 58S €

dl

== eE —vl (1)
dR

E = V]

N=S+FE+I+R

N : Total population (inhabitants)

Ty ~m©n

. groups of susceptible individuals (inhabitants)
: Latent groups of individuals (inhabitants)
: groups of sick individuals (inhabitants)
: groups of recovery individuals (inhabitants)
: contagion speed parameters (per years)
Parameters of the rate of change from latent individual to pain (per years)
: Rate parameters of recovery (per years).

The model is a bilinear-form model, where the number of interactions between
individuals per unit time increases by the increase in total population (N). While
the standard form is used when the number of interactions of sick individuals is
limited or grows lower than the total population (N).

Systematically, the system of differential equations (1) can be written as:

with:
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Then,
dﬂfl
dt
de f1<t7‘r17x27"'7$n>
. dx dt fo(t, o1, 20, ..., 2p)
z(t) = = = Cfltx) = : (3)
fn(ta T1,T2y ... ,fL‘n)
dz,
dt
X1, To, ..., %, are dependent variable and ¢ is independent. If the right segment

of equation (3), the variable ¢ is not expressed explicitly, then the system is said
to be an autonomous system and mathematically can be written z(t) = f(z).

If each function fi, fs,..., f, in equation (3) is a linear function of the vari-
able t and the variable x1, x5, ..., x,, then the system is called a system of linear
differential equations. If z(t) is a variable bound to a variable ¢, @(t) is a deriva-
tive of x(t) towards ¢ and a(t) is the coefficient x(t), then a system of n number
of n-order linear differential equations can be written in the form:

a; e + (11233'/ + -+ Gl(n_l)l'(nil) + alnx(”) = f1 (t)

a1 + CLQQ.T/ + -+ ag(n_l)x("*l) + CLQnSL’(n) = fg(t) (4)

a1 @ + G2’ + -+ + Aoy 4 4™ = (1)
The system of n first-order linear differential equations are:

.fi'l (t) = anxl(t) + a12$2<t) + -+ (Zlnl'n(t) + fl(t)
l’g(t) = A21T1 (t) + CLQQ(L’Q(t) + -+ agnl'n(t) + fQ(t) (5)

Tn(t) = ama1(t) + anxe(t) + - -+ + appxn(t) + fu(t)

System (5) can be written in matrix form:

3?1(75) aip Qi - Qip 1(1) fi(t)
ZEQ.(t) _ a?1 CL.22 . a?n fﬂ?‘(t) n f2:(t) (6)
T (t) Apl Ana -+ Onpn xn(t) fu(t)
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which can be written in the form of:

x(t) = A(t)x(t) + f () (7)

If the function f(xz) = 0, then system (7) is said to be homogeneous which
can written X(t) = A(t)x(¢). If the system coefficient is a constant, then system
(7) can be written in the form:

Ty (t) a1 Qi - Aip 1 (t)
To(t) | e an - a xo(t) @)
ftn (t) Ap1 Qp2 **  App Ln (t)

Briefly, equation (8) can be written x(¢) = A(t)x(t). If each function fi, fo,. .., fa,
Equation (3) is not a linear function of the independent variable ¢ and the de-
pendent variable x1, s, ..., x,, then the system is called a system of nonlinear
differential equations. Autonomous systems containing first-order nonlinear dif-
ferential equations can be written in the form of:

dx

d_tl :fl(xhx%'”?xn)

dx

d_t2 = fQ(ZEl,ZEQ,...,.Tn) (9)
dx,

% = fn<l'1,£l?2,...,.’£n).

Solving equation (1) using assumptions in equation (9) by the ode45 function
in the software used in this study, namely MATLAB R2013a which functions as
a tool to simulate and display a graph.

3 Results and Discussion

Findings in the FGD

Based on the results of FGD in primary data collection at five locations
in Aceh province, namely Lhokseumawe, North Aceh, Bener Meriah, Central
Aceh and Banda Aceh City, the development of disease outbreaks that occurred
in the community showed that there was a decrease in the exposure value (F),
which reflected the number of individuals exposed or exposed to the disease. This
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increase can be due to lack of adherence to the preventive measures implemented,
such as infection control measures, isolation, or the use of masks. An increase in
exposure value indicates that preventive measures taken have not been successful
in reducing the level of exposure to the disease.

The description of the value of infected (1) is not detected due to several fac-
tors, including when individuals exposed to mycobacterium tuberculosis bacteria
do not show symptoms so that the individual does not want to check with officers
/ health services. This happens because there is still a strong social stigma in
some levels of society. Individuals infected with TB may worry about disclosing
their TB status to others and face discrimination/exclusion. Then, many cases
of infection (I) become Expose cases (F) due to low individual compliance in
taking medication for several reasons, namely individuals feel that they have re-
covered the duration of treatment is too long. After only a few days of taking the
medication, the individual feels the symptoms diminish or even disappear com-
pletely. This makes them think that they are cured and no longer need to take
medicine. On the other hand, the recovery value (R) decreases, which describes
the number of individuals who recover from the disease and become immune
to infection. A decrease in rehabilitation scores indicates a decrease in overall
recovery in the population. In addition, there is an increase in the susceptible
value (5), which describes the number of individuals susceptible to infection.
An increase in susceptible values can occur if there is a decrease in individual
immunity in the population or if there are population groups that have not been
exposed or previously infected. Increased susceptible values indicate that there
is still a large portion of the population that is susceptible to infection and needs
to be protected or vaccinated to prevent wider spread of the disease.

There are at least 30 parameters disclosed in FGD, but this study is grouped
based on respondents’ recommendations so that the remodeling process is carried
out with the addition of a new parameter, namely relapse (¢) or the process
of population R returning to population S. The increase in the number of S
population is also affected by birth without disease ( A). Parameters of natural
death () and death from disease (y;) for the relevant compartments. The
unknown cure parameter is very small, but it needs to be considered as the rate
of change in the number of populations from F to I given the symbol 1. The
notification parameter brings S to I with the rate of change o . The strategy for
using the ode45 function is that all state variables become in percent form to N
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%:A—i—qﬁr—(a—i—ﬁ)si—us

de ,

E—Bsz—(&ﬂbﬂa)e

di 4 :

7 = asi+ce — (V+ ;)i (10)
%=¢e+vi—(¢+u)r

Simulation

The simulation results are based on TB distribution and notification target
data in Aceh Province as initial values for formula solutions (9) and (10). The
total population is N = 5,407, 855, where the number of infections that are the
burden of TB is I = 19,160. The exposure value of E obtained is 103464 with
recovery according to the assumption R = 0.8/. While for population S is the
remainder of the reduction of N with all other populations. The values of the
parameters are obtained from the distribution of middle values of the recording
data of four quarters of TB progress in Aceh and are presented in Table 1.

Table 1: Parameter values

No Parameters Value (per years)

1  Birthrate A 0.001964

2 Mortality rate p 0.001964

3 Infected Mortality rate u; 0.039

4 Relapse ¢ 0-0.95

5  Infected rate o 0.0468

6 Infected rate 8 0.0468

7  Recovery rate e 0.1472

8  Recovery rate ¢ 0.1472

Source: Primary and secondary data from the recording of the TB notification
application of the Aceh Provincial Health Office, 2023

Using the parameters obtained in Table 1 which are substituted in equation
10, the following simulation is obtained:

The relapse parameter is based on complaints from TB officers wh o found
that cases that have been marked as cured will have a susceptibility to contract-
ing TB with higher cases. The model is only able to put this cured population
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Figure 2: Comparison of the effect of relapse parameters on models

into vulnerable again and cannot accommodate moving to the exposed or in-
fected population compartment to higher. This is clearly due to the fact that
when granting cured status, officers procedural en sure th at th ere ar e no more
physical signs of TB. Such conditions will also return to pain but not in the near
future. This review of relapse was also stated in another study with a range
of 1.4 years [25],[26]. Figure 2(a) shows that there is a balance point between
infected and recovery, when in fact it will not happen because it is clear that
it will be very difficult to find a rel atively fast rec overy in the sec ond quarter
of each year. Assumptions are built in accordance with conditions in the field,
meaning that there is a need to consider the parameters of repeated infections
in the TB spread model with this data. Figure 2(b) explains that there is still a
long way to go to achieve recovery and infected equilibrium.

The model using the parameters in Figure 2(b) will look for combinations
that can show equilibrium, but beforehand it is necessary to learn in advance
about the working area of each parameter against changes in state variables.
Figure 3 shows the sensitivity of state variables if the screening, contact search
and notification p arametersfrom S tol or E tol arer aised. T he exposed,
infected, and recovery variables only affect the second year, which means it is very
difficult to perform this se arch. Each parameter is assigned a multiplier up to two
times but the result will still be visible in the second year and the value is also
insignificant. In FGD, this is explained by respondents as a barrier factor. The
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Figure 3: Comparison of the effect of screening, contact search and notification
parameters on the model

large population demands sufficient personnel for screening and contact tracing
services. That is, not only human resources, but also facilities also need to be well
prepared. Operational funding support and the availability of sputum bottles are
clearly derivative problems of this control effort. Furthermore, contact tracing is
promising in several studies in India and the Philippines [27], [28]. Other study
[29] given that this study is a study at certain times such as disasters that must
gather large populations in communities that do not sort and give special space
to TB sufferers, optimistically, healing parameters can be studied with efficiency
several times the normal situation.

Here the study attempts to find the equilibrium of the model by multiplying
the healing parameter by the constant c¢. This constant aims to analyze the
extent to which the model is able to illustrate that TB infection cases will fall
below the cure line. In Figure 4(a), it occurs at the end of the second year
which means that the third year is the decisive year whether there will be a
new wave or has been successfully weakened. The same would happen in Figure
4(b). Whereas in Figures 4(c) and 4(d), it can be seen that the recovery ability
attempted from ¢ = 3.2 to 3.3 greater than the current one will result in a line
of infection that continues to fall. The simulations showed that by the end of
the first year t he number of infections was already b elow t he initial number of
infections included in the model. This means that the model has found that the
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Based on the results of the study, disaster situations that occur in just a short
period can have a major impact on the spread for the next year. With normal
treatment, the iceberg phenomenon will appear in the second year with the
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number of infections greater than the initial infection. An effort that can be done
is to run the program under normal circumstances in the process of screening,
contact tracing, and notifications. Optimistically, massive healing can also be
done, which is up to more than times the healing effort in normal conditions.
This can be done because the influence of environmental and habitual parameters
is different at the time of the disaster, i.e. the infection population is in an area
that can be fully monitored by TB officers. This model upgrade is only limited
to projected impact in one to two years. In further research, it is recommended
to use optimization control methods with Hamiltonians to obtain results that
are more quickly balanced.
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