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ABSTRACT
The uncontrolled spread of infectious diseases over a long period of time can cause epidemic. The pattern of spread of an
infectious disease can be described through a mathematical model called an epidemic model. The development of the SIR
epidemic model which assumes that recovered individuals have temporary immunity so that they can be re-infected is called
the SIRS epidemic model. Quarantine is an effort to restrict movement to prevent the transmission of disease among
individuals in a society. The SIQRS epidemic model is a modification of the SIRS model which assumes a quarantine phase
for infected individuals. The SIORS epidemic model that follows the Markov process and changes in the number of
individuals are viewed in continuous time is the SIQRS continuous time Markov chain (CTMC) epidemic model. Monkeypox
or monkeypox is an infectious disease that has hit several countries in Central and West Africa. The aims of this research are
to explain the CTMC SIQRS epidemic model and compare the simulation results between the CTMC SIQRS and CTMC SIRS
epidemic models on the spread of monkeypox. The research’s method is literature study by discussing relevant theories and
previous research. The results of this research are the CTMC SIQRS model in the form of transition probabilities. The
simulation of CTMC SIRS epidemic model on the spread of monkeypox shows that the end of epidemic occur at t = 8768.42
days = 24 years, whereas in the CTMC SIQRS model, the end of epidemic occur att = 1046.98 days = 2.8 years.
Therefore, it was concluded that the quarantine phase can speed up the end of the epidemic.
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1. INTRODUCTION
Infectious diseases are diseases that can be transmitted from infected individuals to healthy individuals

through direct or indirect contact (Notoatmodjo, 2003). The uncontrolled spread of infectious diseases for a long
period of time can cause epidemic. An epidemic is the emergence of an infectious disease in a certain population,
within a certain time period, with a high rate of spread and causing many losses (Kemenkes RI, 2022). The
pattern of spread of an infectious disease can be described through a mathematical model called an epidemic
model (Kasbawati, 2011).

The SIR epidemic model was initially introduced in 1927 by Kermack and Mckendrick. The population in
this epidemic model is divided into three groups including susceptible (S), infected (I), and recovered (R). The
disease transmission in the SIR epidemic model occurs when individuals in the susceptible group come into
contact with infected individuals. Once individuals become infected, they remain in the infectious group for a
period of time before recovering. After recovering, they will have a permanent level of immunity. The
development of the SIR epidemic model which assumes that recovered individuals have temporary immunity so
that they can be re-infected is called the SIRS epidemic model (Ma & Li, 2009).

A quarantine is an effort to restrict the movement of exposed and infected individuals to prevent disease
transmission in society (Hossain et al., 2020). The purposes of quarantine are to restrict the movement of people
who have been exposed to an infectious disease and periodically monitor whether they are likely to become
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infected. According to The Law of the Republic of Indonesia Number (No). 11 of 2018 concerning health
quarantine, a quarantine process for individuals who have been infected and need health services is called
isolation. The SIQRS epidemic model is a modification of the SIRS model which assumes a quarantine phase for
infected individuals (Fatimatuzzahroh et al., 2021).

Epidemic models can be viewed deterministically or stochastically. The stochastic epidemic model is
formulated as a stochastic process from a collection of random variables and the result is a probability distribution
(Allen, 2008). In the stochastic epidemic model, the spread of disease is seen as a random process. Epidemic
models that are reviewed stochastically and follow the Markov process are continuous-time Markov chain
(CTMC) and discrete-time Markov chain (DTMC). The CTMC epidemic model reviews changes in the number
of individuals in each group over continuous time.

The research conducted by Fatimatuzzahroh et al. (2021) discusses the CTMC SIQRS epidemic model
and its application in understanding the spread of tuberculosis disease. In this research, the quarantine phase for
infected individuals is symbolized by Q. The results of this research are transition probabilities for the CTMC
SIQRS epidemic model and numerical simulations. Based on numerical simulations, it is known that increasing
the quarantine rate will reduce the estimated time of disease extinction, R, and m (the expected value of the
number of infected individuals).

Another example of an infectious disease is monkeypox. Monkeypox is an infectious disease that has hit
several countries in Central Africa (Democratic Republic of Congo, Cameroon, and Gabon) and West Africa
(Nigeria, Liberia, and Benin). This disease is caused by a virus from the Poxviridae family called monkeypox
virus (MPXV). This virus was first discovered in 1958 in captive monkeys in Copenhagen (Husna & Wicaksono,
2020). In 1970, the first case of this disease was reported in the Democratic Republic of Congo affecting a nine-
month-old toddler with a history of never having received the smallpox vaccine (Budiyarto et al., 2023). Since
2003, several cases of monkeypox have been reported outside Africa, such as America, England, Israel, and
Singapore. Transmitted by citizens of endemic countries who traveled abroad or through the import of wild
animals. Many cases of monkeypox reemerged in early May 2022 across several countries in North America and
Europe. The number of cases of monkeypox increased every week until June 23, 2022, when this disease was
declared a global health emergency by the World Health Organization (Amato et al., 2022). As of September 10,
2023, there were 90,302 cases of monkeypox with 157 deaths reported (Mathieu et al., 2022).

The transmission from human to human can occur through direct or indirect contact (World Health
Organization, 2023). Direct transmission occurs through physical contact with an infected individual. The virus
can spread through lesions on the skin or body fluids (droplets). In general, symptoms that appear in exposed
individuals include skin rashes, fever, muscle aches, sore throat, headache, and backache. These symptoms
usually appear 1 to 21 days following exposure and may persist for 2 to 4 weeks.

The spread of monkeypox can be controlled by tracing contact between infected individuals and the
people around them (Budiyarto et al., 2023). Restricting movement for individuals who have contact with infected
individuals and implementing isolation for infected individuals will reduce the rate of transmission. A specific
vaccine to prevent monkeypox infection has not yet been found. However, the smallpox vaccine is believed to
have a cross-protective effect against the monkeypox virus so it can be used in monkeypox. Smallpox vaccination
was The vaccination of smallpox officially stopped in 1979 by WHO after global success in eradicating the
disease. However, in 2007, a new smallpox vaccine called ACAM2000 was produced (Britannica, 2024).
Stopping smallpox vaccination for a long period is thought to result in decreased immunity against the smallpox
virus and other viruses in the same genus such as monkeypox virus.
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Similar to smallpox, monkeypox infection stimulates the human immune system to generate antibodies
that can offer long-term protection against possible reinfection (Musumeci et al., 2023). In addition, the cross-
immunity reaction in the smallpox vaccine has an 85% success rate in preventing monkeypox infection and can
last for years. However, based on research conducted by Musumeci et al. (2023), several cases of monkeypox
reinfection were found to be reported in 2022 with varying time periods after the first infection. Two cases
occurred in Milan, one case in Geneva, Paris, and London. The five cases occurred in men in their 30s who had a
history of having gay-sex after recovering from the first infection. Musumeci et al. (2023) stated that these cases
reveal that long-term natural immunity does not appear to guarantee avoidance of reinfection. However, research
on reinfection with monkeypox is still being carried out due to the small number of reinfection cases (Carstens,
2023).

The research conducted by Peter et al. (2022) discusses the SEICR-SEI deterministic epidemic model on
the spread of monkeypox in Nigeria. In this research, there is a quarantine phase denoted by "C" for individuals
who are infected and require medical care. The numerical simulation results indicate that high contact rates
potentially result in a higher number of individuals becoming infected. Therefore, contact between susceptible
individuals and infected individuals must be controlled by considering quarantine factors.

This research discusses the CTMC SIQRS stochastic epidemic model and compares the simulation results
of CTMC SIQRS and CTMC SIRS epidemic models on the spread of monkeypox.

2. METHODS

The research’s method is a literature study by discussing epidemic models, monkeypox disease, and
theories relevant to the problems in this research through various references such as journals, articles, books, and
other sources. This research aims to explain the continuous-time Markov chain susceptible-infected-quarantined-
recovered-susceptible (CTMC SIQRS) epidemic model and to compare the simulation results of CTMC SIRS and
CTMC SIQRS epidemic models on the spread of monkeypox. The following are several steps implemented in this
research.

1. Explaining the CTMC SIRS and CTMC SIQRS epidemic model.

a. Explaining the phenomenon of disease spread on the CTMC SIRS and CTMC SIQRS epidemic model.

b. Determining the assumptions of the CTMC SIRS and CTMC SIQRS epidemic model.

¢. Determining the parameters and random variables of the CTMC SIRS and CTMC SIQRS epidemic
model.

d. Determining the transition probability of the CTMC SIRS and CTMC SIQRS epidemic model.

2. Simulating and interpreting CTMC SIRS and CTMC SIQRS epidemic models on the spread of monkeypox.

a. Determining the parameter values of transmission rate (), recovery rate without quarantine (¢),
quarantine rate (&), recovery rate with quarantine (a)and rate of return to susceptibility (y).

b. Determining the population size N and the initial values of each group S(0),1(0), Q(0), R(0).
Determining the number of individuals in each group at each time t by generating random numbers with
uniform distribution.

d. Interpreting and comparing simulation results of the CTMC SIRS and CTMC SIQRS epidemic models
on the spread of monkeypox.
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RESULTS & DISCUSSION
Continuous Time Markov Chain (CTMC)

A stochastic process {X(t) : t € T} is a collection of random variables X indexed by t, which
represents time or another index parameter (Taylor & Karlin, 1998). The collection of possible values of the
random variable X in a stochastic process is called the state space, usually denoted by S. The time index and
the state space in a stochastic process can be a continuous or discrete.

A stochastic process is called a Markov process when given the value X(t), the value X(s) is not
influenced by X(u) for u < t < s. In other words, the probaility of states in the future depends only on the
current state and is not influenced by states in the past. A Markov process {X(t)} with a discrete state space
S =1{0,1,2, ...} and continuous time index T = [0, ) is called continuous time Markov chain (CTMC). Let
n is integer in the time index set T = {ty,t1,t3,t3, .., th_1,tn, tne1} and the state space
S ={iy, i1, 13, -, in_1,1,j}, therefore :

P{X(ty) = i0,X(t1) = iy, e, X(tn_y) = i1, X(t,) = i} = P{X(t,) = i} (D

CTMC SIRS epidemic model
The spread of disease can occur when susceptible individuals come into contact with infected
individuals, causing the individual to become infected with the disease. After a certain period of time,
infected individuals will recover and have immunity to the disease. Immunity to a disease can be temporary
or permanent. Permanent immunity is long-term, so there is little chance of re-infection. Meanwhile,
temporary immunity is short-term. The body's defense ability against disease only lasts in a short time and
will decrease over time, so that the body will become susceptible to disease again. Epidemic models that
consider the existence of temporary immunity are called SIRS epidemic models (Ma & Li, 2009). The
following are the assumptions used in the SIRS epidemic model.
1. The population size is constant, meaning that no individuals enter or leave the population.
2. Populations are homogeneous, meaning that each individual in the population has the same
probability of being infected.
3. Death rates and birth rates are ignored.
4. There is only one type of disease that spreads in the population.
5. Recovered individuals have temporary immunity so they can become susceptible individuals
again and have the potential to be infected again.

The population in the SIRS epidemic model is categorized into three groups including susceptible
group (8), infected group (I), and recovered group (R). The spread of disease in the SIRS epidemic model
occurs if there is a transmission of individuals from the susceptible to the infected group with a contact rate
of g, from the infected to the recovered group with a natural recovery rate of ¢, and from the recovered to the
susceptible group with a contact rate of y. The pattern diagram of the SIQRS epidemic model is shown in
Figure 1.
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Figure 1. Diagram pattern of the SIRS epidemic model

According to Koepke et al., (2016), the CTMC SIRS epidemic model is the transition probability of
individuals in the susceptible, infected, and recovered groups at time to t. SIRS epidemic model have
population assumptions N constant with three random variables S(t), I(t), and R(t), so that the total
population is N = S (t) + I(t) + R(t). The number of individuals in the susceptible, infected, and recovered
groups at each time t are S(t) = s, I(t) =i, and R(t) = r. Therefore, based on Koepke et al., (2016),
CTMC SIRS epidemic model can be written in equation (2).

[
Psijivkr+i),(s,ir) (At) = {ﬁNsAt +0(At) (j, k, 1) = (—1,1,0) it + o(AL) (j, k, 1)
= (0,—1,1) yrAt + o(At) (j, k, 1) ()
=(1,0,-1)1- B%s + ei + yr| At + o(At) (j, k, 1) = (0,0,0) o(At) lainnya

CTMC SIQRS epidemic model

SIQRS epidemic model is a modification of the SIRS epidemic model with the quarantine phase
(Fatimatuzzahroh et al., 2021). The main cause of disease outbreaks in a population is due to contact between
infected individuals who have not carried out quarantine and susceptible individuals (Agustianingsih et al.,
2020). Therefore, the SIRS epidemic model emerged with the quarantine assumption called the SIQRS
epidemic model. The pattern of disease spread in the SIQRS epidemic model is not much different from the
SIRS epidemic model. The difference lies in the way infected individuals recover. In the SIQRS epidemic
model, infected individuals can recover from the disease in two ways, through the quarantine phase or
without going through the quarantine phase. The assumptions from the SIRS epidemic model are used in this
model, but there are two additional assumptions as follows:.

1. Infected individuals can recover in two ways, by going through the quarantine phase or without

going through the quarantine phase.
2. Infected individuals who quarantine cannot infect susceptible individuals.

The population in the SIQRS epidemic model is categorized into four groups including susceptible
group (S), infected group (I), quarantined group (Q), and recovered group (R). The spread of disease in the
SIQRS epidemic model occurs if there is transmission of individuals from the susceptible to the infected
group with a contact rate of g, from the infected to the recovered group with a natural recovery rate of ¢, from
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the infected to the quarantined group with a quarantine rate of §, from the quarantined to the recovered group

with a recovery rate with quarantine of «, and from the recovered to the susceptible group with a contact rate
of'y. The pattern diagram of the SIQRS epidemic model is shown in Figure 2.
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Figure 2. Diagram pattern of the SIQRS epidemic model

The CTMC SIQRS epidemic model is the transition probability of individuals in the susceptible,
infected, quarantined and recovered groups over time t. SIQRS epidemic model have population assumptions
N constant with four random variables S(t), I(t), Q(t)and R(t), so that the total population is N = S (t) +
I(t) + Q(t) + R(t). The number of individuals in the susceptible , infected , quarantined and recovered
groups at each time t is S(t) = s, I(t) =i, Q(t) = q, and R(t) =r. The joint probability function of
S(),1(t), Q(t) and R(t) can be written in equation (3).

P(s,i,q,r) (t) = P[S(t) = S:I(t) =1, Q(t) = qu(t) = T'] 3)

The movement of individuals from one group to another at time t causes a change in state which is
called a transition. The change in the number of susceptible individuals in the time interval At is j. The
change in the number of infected individuals in the time interval At is k. The change in the number of
quarantined individuals in the time interval At is /. The change in the number of recovered individuals in the
time interval At is m. Therefore, the transition probability of state s to state s + j, from state i to state i + %,
from state g to state g + /, from state » to state » + m in the time interval At can be written in equation (4)

P(s+j,i+k,q+l,r+m),(s,i,q,r) (At) = P{(S(t + At), I(t + At), Q(t + At), R(t + At)) (4)
=(+ji+kqg+Lr+m)|(SE),I(t),QR),R() =(siq,71)}

The change in state (s, i, q,7) become state (s — 1,i + 1, g, ) shows that there is a transition of one
individual from the susceptible to the infected group. The contact rate or transmission rate from the
susceptible to the infected group is g and s is the number of susceptible individuals. If i is the number of
infected individuals in population &, then the probability that the number of individuals in the infected group

who can make contact with individuals in the susceptible group is equal to % Therefore, the transition

probability of state (s, i, q,r) become state (s — 1,i + 1, g, r) can be written in equation (5).
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L (5)
P(s—l,i+1,q,r),(s,i,q,r) (At) = ﬁ NSAt + O(At)

The change in state (s, i, q,r) become state (s,i — 1,q + 1,7) shows that there is a transition of one
individual from the infected to the quarantined group. This is caused by infected individuals who are
quarantined to prevent interactions with susceptible individuals. The quarantine rate from the infected to the
quarantined group is § and the number of infected individuals is 7, then the transition probability of the state
(s,i,q,7) become state (s,i —1,q + 1,7) can be written in equation (6).

P(s,i—l,q+1,r),(s,i,q,r) (At) = §iAt + O(At) (6)

The change in state (s, i, q,7) become state (s,i — 1,q,r + 1) shows that one individual moves from
the infected to the recovered group. This is caused by individuals who have recovered from an illness
naturally without going through a quarantine phase. The natural recovery rate from the infected group to the
recovered group is eand the number of individuals in the infected group is i , then the transition probability of
the state (s, i, q,r) become state (s,i — 1,q,r + 1) can be written in equation (7).

P(s,i—l,q,r+1),(s,i,q,r) (At) = €ilAt + O(At) (7)

The change in state (s, i, q,r) become state (s,i,q — 1,7 + 1) shows that there is a transition of one
individual from the quarantined to the recovered group. This is caused by individuals who have recovered
from an illness after going through the quarantine phase. The recovery rate with quarantine from the
quarantined group to the recovered group is « and the number of quarantined individuals is g, then the
probability of transition from state (s, i, g, ) become state (s,i,q — 1,7 + 1) can be written in equation (8).

P(s,i—l,q,r+1),(s,i,q,r) (At) = aqAt + O(At) (8)

The SIQRS epidemic model assumes that recovered individuals have temporary immunity, so that
they can become susceptible individuals again. The change in state (s, i,q,7) become state (s + 1,i,q,7 —
1) shows that one individual moves from the recovered to the susceptible group. The rate of recovered
individuals become susceptible individuals is y and the number of individuals in the recovered group is r,
then the transition probability of the state (s,i,q,7) become state (s 4+ 1,i,q,r — 1) can be written in
equation (9).

P(s+1,i,q,r—1),(s,i,q,r) (At) = }/TAt + O(At) (9)

When there is no change in state or no individual moves from one group to another, t can be said that
state (s,1,q,r) remain become state (s,i,q,r). Therefore, the transition probability of the state(s,i,q,r)
become state(s, i, q,r) can be written in equation (10).
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i 10
P(siqr).(siqr)(At) =1 — ﬁﬁs +6i 4+ ei + aq + yr| At + o(AY) (10)

The transition of an individual from one state to another occurs within a very small time interval,
therefore, only one individual can make the transition at a time. The probability of more than one or equal to
two individuals transitioning at one time is very small, approaching zero. Therefore, the probability that there

are more than one or equal to two individuals transitioning within the At time interval is o(At) where
o(At)
At
be written in equation (11).

= 0. Based on equations (5) — (10), the transition probability of the CTMC SIQRS epidemic model can

L .
P(s+j,i+k,q+l,r+m),(s,i,q,r) (At) = {.BNSAt + O(At) (]; k1, m)
= (—1,1,0,0) 6iAt + o(At) (j, k,I,m) = (0,—1,1,0) €iAt + o(At) (j, k, I, m)

= (O, _1,0,1) (XQAt + O(At) (j, k1 m) = (0,0, _1’1) )/T'At + O(At) (]-, k1L m) (1 1)
=(1,0,0,-1)1 - [B%s +0i+ei+aq+ yr] At + o(At) (j, k, 1, m)
= (0,0,0,0) o(At) lainnya

Interpreting and comparing simulation results of the CTMC SIQRS and SIRS epidemic models on the spread
of monkeypox.

Application of the CTMC SIQRS and SIRS epidemic model simulations on the spread of monkeypox
using parameters [, €, 8, and « referring to the Peter et al., (2022). In the research conducted by Peter et al.,
(2022), parameter values were estimated based on cumulative data on monkeypox cases in Nigeria from
January — December 2019. The parameters used based on the research Peter et al., (2022) included f = 61 X
1076, £ =242%x107% 6 = 1369 x 10 %and @ = 99 x 107°.

The parameters for the rate of re-infected individuals in the susceptible group (y) were estimated
based on data cases of monkeypox re-infection from Britannica (2024) in four countries, Italy, France,
England and Switzerland, where in these four countries there were reinfected cases or repeated infections
after the first infection. Two cases occurred in Milan (Raccagni et al., 2023), and one case each occurred in
Paris (Zeggagh et al., 2023), London (Golden et al., 2023) and Geneva (Musumeci et al., 2023). These five
cases occurred in 2022. The estimated results of the rate of return of individuals in vulnerable groups from
the four countries were averaged and a value was obtained ¥y = 15 X 10~7. The population size is assumed
to be constant N = 100 at the initial values S(0) = 90, I(0) = 10, Q(0) = 0, and R(0) = 0. The simulation
result of CTMC SIRS on the spread of monkeypox is shown in Figure 3.
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Figure 3. Simulation results of the CTMC SIRS epidemic model

Figure 3. shows that the number of individuals in the infected group decreased slowly over time until
it reached the zero line at the time of t = 8768.42 day. Meanwhile, the number of individuals in the
susceptible group decreased, although not significantly. This is caused by the presence of individuals in the
susceptible group who are infected with the disease. On the other hand, the number of individuals in the
recovered group has increased slowly since the initial time due to the presence of individuals in the infected
group who have recovered from the disease and moved to the recovered group. Therefore, it can be inferred

that the monkeypox epidemic ended on t = 8768.42 days when there were no infected individuals.
Meanwhile, the simulation result of CTMC SIQRS on the spread of monkeypox is shown in Figure 4.
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Figure 4. Simulation results of the CTMC SIQRS Epidemic Model

The simulation result in Figure 4 show that the number of susceptible individuals decrease at time
t = 202.18 and t = 281.50 because there is two individual who is infected. At time t = 5902.81, the graph
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increases because there is one individual who loses immunity and becomes susceptible again. After that, the
graph of susceptible individual tend to be stable at 89 until the end of the observation time.

The number of individuals in the infected group has decreased significantly since the beginning of
time until it reaches zero at t = 1046.98 due to the movement of infected individuals to quarantined and
recovered groups. There is a little increased over time t = 202.18 and t = 281.50 because of the movement
from the susceptible group to the infected group. Furthermore, the number of infected individuals undergoing

quarantine increased at the beginning until it reached a peak at that time t = 671.25and then slowly
decreased again until it approached zero because there were individuals who recovered from the disease.

The number of individuals in the recovered group increased slowly from the beginning until ¢t =
10796.64, it is because there were individu in the infected and quarantined groups who recovered from
monkeypox. Based on the simulation results, it can be concluded that the monkeypox epidemic ended on

t = 1046.98 days when there were no infected individuals.

From Figure 3 and Figure 4, it can be inferred that the quarantine phase helps accelerate the decline
in the number of infected individuals so that the epidemic ends more quickly. In the CTMC SIQRS model
the epidemic ends on t = 1046.98 days = 2.8 years, while in the CTMC SIRS model the epidemic ends on
the t = 8768.42 days = 24 years. This is caused by the large rate of quarantine resulting in the movement
of individuals from the infected group to the quarantined group. Infected individuals who undergo quarantine
are assumed not to have had contact with individuals in the susceptible group, so they cannot transmit the
disease.

4. CONCLUSION
In conclusion, it can be inferred that the CTMC SIRS and CTMC SIQRS epidemic models can be

denoted in the form of transition probabilities shown in equations (2) and (11). The CTMC SIQRS and SIRS
epidemic models can be applied to the spread of monkeypox. In the CTMC SIQRS epidemic model it is
concluded that the epidemic ends at t = 1046.98 days = 2.8 years, whereas in the CTMC SIRS model the
epidemic ends at t = 8768.42 days = 24 years. Quarantine can prevent contact between infected individuals and
susceptible individuals so that disease transmission does not occur. Therefore, the number of infected individuals
is decreasing and the pandemic will end sooner.

REFERENCES
Agustianingsih, S., Reorita, R., & Renny, R. (2020). Optimal control for SIR Model with The Influence of Vaccination,
Quarantine and Immigration factor. Jurnal Matematika, Statistika Dan Komputasi, 16(3), 311.
https://doi.org/10.20956/jmsk.v16i3.6942

Allen, L. J. S. (2008). An Introduction to Stochastic Epidemic Models. In F. Brauer, P. van den Driessche, & J. Wu
(Eds.), Mathematical Epidemiology. Lecture Notes in Mathematics (Vol. 1945, pp. 81-130). Springer.
https://doi.org/10.1007/978-3-540-78911-6 3

Amato, M., Spirito, F. Di, Boccia, G., Fornino, D., D’Ambrosio, F., & Caro, F. De. (2022). Human Monkeypox: Oral
Implications and Recommendations for Oral Screening and Infection Control in Dental Practice. Journal of
Personalized Medicine, 12(2), 2000.

Britannica.  (2024).  Smallpox.  Britannica.  https://www.britannica.com/editor/The-Editors-of-Encyclopaedia-
Britannica/4419




f ﬂ;,_ "\ PROCEEDINGS OF INTERNATIONAL CONFERENCE ON EDUCATION
l 1 TEACHER TRAINING & EDUCATION FACULTY
UNIVERSITAS SERAMBI MEKKAH

i—

NO. ISSN 2987-4564

Budiyarto, L., Sabila, A. A., & Putri, H. C. (2023). Infeksi Cacar Monyet (MONKEYPOX). Jurnal Medika Hutama,
4(2). http://jurnalmedikahutama.com

Carstens, A. (2023). Five Men Appear to Have  Acquired Mpox  Twice. The Body.
https://www.thebody.com/article/five-men-mpox-twice

Fatimatuzzahroh, F., Sumarno, H., & Sianturi, P. (2021). An Analysis of CTMC Stochastic Models with Quarantine on
the Spread of Tuberculosis Diseases. Journal of Mathematical and Fundamental Sciences, 53(1), 31-48.
https://doi.org/10.5614/j.math.fund.sci.2021.53.1.3

Golden, J., Harryman, L., Crofts, M., Muir, P., Donati, M., Gillett, S., & Irish, C. (2023). Case of apparent mpox
reinfection. Sexually Transmitted Infections, 99(4), 283—284. https://doi.org/10.1136/sextrans-2022-055736

Hossain, M. M., Sultana, A., & Purohit, N. (2020). Mental health outcomes of quarantine and isolation for infection
prevention: A systematic umbrella review of the global evidence. Epidemiology and Health, ¢2020038.
https://doi.org/10.4178/epih.e2020038

Husna, F., & Wicaksono, A. (2020). Informasi tentang penyakit infeksi Cacar Monyet (Monkeypox) yang menyerang
manusia. Jurnal Farmaka, 18(1).

Kasbawati. (2011). Analisis Numerik Model Epidemiologi SIR dengan Faktor Difusi. Jurnal Matematika, Statistika, &
Komputasi, 7(2), 98-107.

Kemenkes RL (2022, August 5). Pandemi ke Endemi Covid-19.
Https://Y ankes.Kemkes.Go.ld/View_artikel/1112/Pandemi-Ke-Endemi-Covid-
19#:~:Text=2.%20Epidemi%?20adalah%20penyakit%20menular,Suatu%20di%?20area%?20geografis%20tertentu.

Koepke, A. A., Longini, Jr. , I. M., Halloran, M. E., Wakefield, J., & Minin, V. N. (2016). Predictive modeling of
cholera outbreaks in Bangladesh. The Annals of Applied Statistics, 10(2). https://doi.org/10.1214/16-A0AS908

Ma, Z., & Li, J. (2009). Dynamical Modeling and Analysis of Epidemics. WORLD SCIENTIFIC.
https://doi.org/10.1142/6799

Mathieu, E., Spooner, F., Dattani, S., Ritchie, H., & Roser, M. (2022). Mpox (Monkeypox). Our World in Data.
https://ourworldindata.org/monkeypox

Musumeci, S., Najjar, I., Amari, E. B. El, Schibler, M., Jacquerioz, F., Yerly, S., Renzoni, A., Calmy, A., & Kaiser, L.
(2023). A Case of Mpox Reinfection. Clinical Infectious  Diseases, 77(1), 135-137.
https://doi.org/10.1093/cid/ciad147

Notoatmodjo, S. (2003). /lmu Kesehatan Masyarakat : Prinsip - Prinsip Dasar (Vol. 10). Rineka Cipta.

Peter, O. J., Kumar, S., Kumari, N., Oguntolu, F. A., Oshinubi, K., & Musa, R. (2022). Transmission dynamics of
Monkeypox virus: a mathematical modelling approach. Modeling Earth Systems and Environment, 8(3), 3423—
3434. https://doi.org/10.1007/s40808-021-01313-2

Peter, O. J., Oguntolu, F. A., Ojo, M. M., Olayinka Oyeniyi, A., Jan, R., & Khan, 1. (2022). Fractional order
mathematical model of monkeypox transmission dynamics. Physica Scripta, 97(8). https://doi.org/10.1088/1402-
4896/ac7ebc

Raccagni, A. R., Canetti, D., Mileto, D., Tamburini, A. M., Candela, C., Albarello, L., Bracchitta, F., Mancon, A.,
Micheli, V., Gismondo, M. R., Castagna, A., & Nozza, S. (2023). Two individuals with potential monkeypox
virus reinfection. The Lancet Infectious Diseases, 23(5), 522-524. https://doi.org/10.1016/S1473-3099(23)00185-
8

Taylor, H. M., & Karlin, S. (1998). An Introduction to Stochastic Modeling, Third Edition (3rd ed.). Academic Press
Limited.

World Health Organization. (2023). Mpox (Monkeypox). World Health Organization. https://www.who.int/news-
room/fact-sheets/detail/monkeypox




J TEACHER TRAINING & EDUCATION FACULTY
UNIVERSITAS SERAMBI MEKKAH
NO. ISSN 2987-4564

T3
r |]~|='—'- é;_ "\ PROCEEDINGS OF INTERNATIONAL CONFERENCE ON EDUCATION
i—

Zeggagh, J., Ferraris, O., Salmona, M., Tarantola, A., Molina, J.-M., & Delaugerre, C. (2023). Second clinical episode
of hMPX virus in a man having sex with men. The Lancet, 401(10388), 1610. https://doi.org/10.1016/S0140-
6736(23)00509-3




