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Abstract: In this work, quiescence is added to the Susceptible-Infectious-Recovered (SIR) model with
demography. In order to investigate consequences of quiescence in the infection process in more
depth, we use stochastic simulations on the stochastic version of model that we built. This method
provides a more accurate picture of the dynamics of infectious diseases by taking into consideration
the inherent randomness in the disease processes. We examine the effects of quiescence on the number
of infected people using simulations. The results, presented in histograms depicting the distribution
of infected individuals, reveal a notable trend: the mean number of infected individuals is higher
when quiescence is incorporated into the dynamics. These finding emphasizes the dynamic influence
of quiescence on infectious disease spread. The higher mean number of infections during periods
of quiescence highlights the need for public health strategies that are flexible enough to focused
interventions during these times to reduce the possibility of an increase in infections.
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1. Introduction

Around the world, effective disease management is an essential part of public health and
healthcare systems. In order to decrease the negative consequences infections have on patients,
communities, and society at large, it encompasses a wide spectrum of prevention, management, and
treatment methods. Enhancing health outcomes and reducing the burden of illness, from infectious
diseases that can spread fast through populations to chronic illnesses that require ongoing care,
depends on effective disease management [12]. Disease management attempts to take preventive
measures to stop the emergence and spread of diseases in addition to attending to the immediate
medical needs of individuals who are afflicted. By focusing on prevention, early detection, and
evidence-based treatments, disease management attempts to reduce healthcare costs, enhance quality
of life, and promote overall wellbeing. Steps like contact tracing, isolation, vaccination and quarantine
are routinely used in effective disease management for infectious diseases [5–8,14,17]. By isolating
sick people and monitoring their contacts, the disease’s spread can be managed, limiting further
transmission within the population. A set of therapeutic suggestions based by empirical research and
clinical investigations also forms the basis for disease management. Healthcare practitioners follow set
standards to guarantee that patients receive the most effective and appropriate care for their condition.
antibiotic stewardship is also emphasised in order to address the expanding problem of antibiotic
resistance which is the genetic change that occurs within the bacteria which enables them to survive
the application of antibiotic (Figure 2) [54] and maintain the effectiveness of crucial medicines. Recent
advances in science and technology have accelerated efforts to treat illnesses. The improvement of
disease diagnosis accuracy and therapeutic efficacy is facilitated by the introduction of novel drugs,
preventative measures, and diagnostic tools. Strategies for managing diseases must be flexible and
adaptable since diseases might evolve and new issues might surface. When healthcare systems can
quickly adapt to changing situations, they can successfully manage both present and emerging health
issues. We now explain in more depth what is quiescence state.
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2. Quiescence State

Quiescence can be defined as a state of inactivity/dormancy that certain microorganisms,
including viruses and bacteria, enter the body under some conditions. In this state, these
microorganisms may be insensitive to antibiotics, making them difficult to be eradicated. This state
of dormancy has significant implications for effective infectious diseases management as it can lead
to persistent infections, recurrences, and treatment failures [2–4]. Quiescence in viral infections
happens when the virus becomes latent and inactive after integrating its genetic material into the
Deoxyribonucleic acid (DNA) of the host cell [9,13]. A virus can persist in this state for long periods of
time (weeks, months, or even years), reactivating on some occasions and leading to illness relapses
[18,19,52,53] see also (Figure 1). (Please note that the Quiescence is different from Drug Resistance) in the
case of drug resistance the bacteria is active while in the quiescent are not. The herpes simplex virus, the
HIV virus, and the hepatitis B virus are a few examples of viruses that can enter quiescence. Similar to
this, some bacteria, like Mycobacterium TB, have the ability to enter a phase called quiescence, during
which they become less vulnerable to medications and the host immune system. The persistence of
tuberculosis infections and the formation of drug-resistant strains are thought to be caused by this
condition of dormancy. Additionally, millions of people die from the fatal illness of malaria each
year [19]. One of the five malaria parasites that cause the disease, Plasmodium, has a complicated
life cycle that involves both mosquito and human hosts weeks, months, or even years may pass
before the parasite reactivates and causes malaria symptoms in the liver cells [20,21]. It has been
suggested that the characteristic of quiescence may be a means by which Plasmodium parasites elude
the host immune response and survive in the liver cells [23,28,39,40]. Similar to this, developing
successful treatment plans requires an understanding of the mechanisms underlying quiescence
in viral disorders. Quiescence in different microorganisms is being studied by researchers to find
strategies to prevent or disrupt this state and enhance the effectiveness of treatments[32,36,45,48].
Quiescence can help maintain population stability by building up a reservoir of dormant parasites
among the host population [3,50]. There may be a mixture of parasites that are reproducing actively
and parasites that are dormant in a typical parasite population [36]. This variety of states ensures
the parasite population’s longevity over time, especially in unfavorable circumstances such when
receiving antibiotic therapy. Some members of the parasite population may go into a quiescent state
when exposed to harmful conditions, such as antibiotic use [51]. The parasites that are actively
reproducing may be killed or inhibited by the antibiotic, but the quiescent parasites are left in a
dormant, non-replicating state. When the antibiotic therapy is stopped or when circumstances are
more conducive to reproduction, these dormant parasites may become active again. The parasite’s
overall population size and genetic diversity are supported by this reservoir of dormant parasites [9].
Quiescent parasites are less susceptible to the deadly effects of antibiotics than actively proliferating
parasites are, despite the fact that medications may still have some effect on them. This is due to
their decreased metabolic activity and replication rate. Due to this resistance, dormant parasites can
endure antibiotic therapy and possibly reawaken when conditions are better. By assuming a quiescent
condition, parasites are able to avoid the immediate threat of antibiotics and create long-term plans to
combat them.It’s crucial to remember that the specific mechanisms and tactics used by parasites might
change based on the host environment and the species of the parasite. One method parasites may use
to increase their chances of survival and drug resistance is quiescence [10]. The general insensitivity of
parasite populations to antibiotics can also be caused by other causes, including genetic changes or the
acquisition of resistance genes as defined above and shown in (Figure 2). Quiescence can be a tactic
used by parasites to increase population stability and build up drug resistance. Some parasites go
into quiescence, which is characterised by decreased metabolic activity or a state of dormancy, when
unfavourable conditions are present, such as when antibiotics are present or the host immune system
is actively attacking them.
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Figure 1. Population of bacteria that started from one comprising of active (white) and quiescent (blue).
After applying antibiotic the active cell died while the those that are in quiescent phase remain alive.
When the antibiotic is taken away the quiescent cells woke up and continued to grow. As one can see
some proportion of the bacteria became quiescent again, ρ is rate rate at which the bacteria population
become quiescence and ζ is the rate of exiting quiescence, this stochastic process continues in this
pattern.

Figure 2. Resistant and non-resistant populations of bacteria, the non-resistant bacteria died after
applying antibiotic while resistant population did not.
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3. Disease Mechanisms

To comprehend the dynamics of quiescent parasite and foresee its effects for effective disease
management measures, mathematical models are useful tools. The mechanisms driving parasite
quiescence, however, are not well known, and the potential use of mathematical models to the study
of quiescence has not been substantially investigated. Investigating the importance of mathematical
models in comprehending the influence of quiescence in the co-infection model has been studied in
[1,16,25,36]

4. The SIQR Model with Demography

dS
dt

= Λ − β
SI
N

− µS

dI
dt

= β
SI
N

− σI − ρI + ζQ − µI

dQ
dt

= ρI − ζQ − µQ,

dR
dt

= σI − µR

(1)

A mathematical model called the Susceptible-Infectious-Recovered (SIR) model with demography
studied in [55–57] is used to analyse how infectious diseases propagate throughout a community.
The SIR model becomes a more realistic and detailed representation of disease dynamics when
demographic elements are added. In this Reseach work, we incooporate quiescence phase to SIR
model using demographics and build up SIQR model with Demography.

Four compartments are created within a population by the SIQR model:
**Susceptible (S):** People who are not afflicted with the illness but are at risk of contracting it.
- **Infectious (I):** Those who have the illness and have the potential to transfer it to others.
- **Quiescence (Q):** Those who have the illness but the parasites are not active and therefore have no
potential to transfer it to others.
- **Recovered (R):** People who are immune after recovering from the illness.

System of Ordinary Differential Equations 1 describe the rates of change people in each
compartment over time and keep the record of transitions between these compartments. Within
a population, demographic parameters take into account the rates of births and deaths. We add one
more compartment to the SIR model when we incorporate Quiescence stage: The parameters of the
models are: Λ representing the birth rate at which new individuals enter the population, β is the
transmission rate, σ is the recovery rate, µ is the death rate, ρ is the rate of entering quiescence, ζ is the
rate of exiting the quiescence phase and N is the total population size.

Understanding the Formulas in model 1
Taking into consideration the effects of diseases, births, and deaths, the first equation shows the

change in the susceptible population.
Taking infections, recoveries, and deaths into account, the second equation shows the shift in the

infectious population.
When quiescence phase in put into consideration, the third equation shows the rate of change of

quiescent population.
Fourth equation shows the change in the recovered population.
The SIQR model with demography, which takes mortality and population growth into account,

offers a more thorough understanding of disease dynamics as most diseases exhibit some form of
quiescence. In order to manage and mitigate the spread of infectious diseases within a population, this
model assists policymakers in making better-informed decisions.

The Equilibrium Solutions
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The equilibrium solution of a mathematical model represents a steady state where the system’s
variables no longer change over time. The SIQR model has two equilibrium solutions , the first
equilibrium solution occurs when the number of infectious, quiescence, and recovered individuals is
zero and the number of susceptible individual is give as the ratio of birth and death rates, that is

I∗ = Q∗ = R∗ = 0, S∗ =
Λ
µ

The second equilibrium solution is the endemic equilibrium where the disease persists in the
population, in the SIQR model, this happens when the individual in each compartment coexist and the
equilibrium solution is given by

S∗ =
N
(
σζ + σµ + µζ + µ2 + ρµ

)
β(ζ + µ)

I∗ =
Λβζ + (Λβ − σNζ)µ − N(σ + ζ + ρ)µ2 − Nµ3

β(µ2 + (σ + ζ + ρ)µ + σζ)
,

Q∗ =
ρ
(
Λβµ + Λβζ − ρNµ2 − Nµ3 − Nµ2ζ − Nµ2σ − Nµσζ

)
β(ζ + µ)(σζ + σµ + µζ + µ2 + ρµ)

R∗ =
σ
(
Λβµ + Λβζ − ρNµ2 − Nµ3 − Nµ2ζ − Nµ2σ − Nµσζ

)
βµ

(
σζ + σµ + µζ + µ2 + ρµ

)

(2)

4.1. Stochasticity

Since our aim to to find the effect of quiescence on the mean number of infected individual,
we now transform the model 1 into a stochastic process (birth and death process). We first find
the transition probabilities give in table 1. The likelihood of changing from one state to another
within a specified time frame (very small) is referred to as a transition probability. The dynamics of
people moving over time between the four compartments (Susceptible, Infectious, Quiescence and
Recovered) are captured by these transitions. The continuous time Markov Chain of SIQR model
has the following transitions: from susceptible to infectious (caused by disease transmission), from
infectious to recovered (caused by immunity or recovery), from infectious to quiescent stage (caused
by parasite entering quiescence phase), from quiescent stage to infectious (caused by parasite exiting
quiescence phase), the birth of susceptible into the population (caused by giving birth) and the death
of individual from each compartment (caused by natural death or disease induced death). In this
research research we find that the quiescence increases the mean number of infected individuals.

Table 1. Transitions rates for the SEIQR model

Type Transition Probability
Birth of Healthy (St, It, Qt, Rt) → (St + 1, It + Qt, Rt) Λ∆t + o(∆t)
Infection (St, It, Qt, Rt) → (St − 1, It + 1, Qt, Rt) β SI

N ∆t + o(∆t)
Natural Death of S (St, It, Qt, Rt) → (St, It + 1, Qt − 1, Rt) µS∆t + o(∆t)
Recovery of I (St, It, Qt, Rt) → (St, It − 1, Qt, Rt + 1) σI∆t + o(∆t)
Go quiescent of I (St, Et, It, Qt, Rt) → (St, It − 1, Qt + 1, Rt) ρI∆t + o(∆t)
Wake-up of Q (St, It, Qt, Rt) → (St, It + 1, Qt − 1, Rt) ζQ∆t + o(∆t)
Natural Death of I (St, It, Qt, Rt) → (St, It + 1, Qt − 1, Rt) µI∆t + o(∆t)
Natural Death of R (St, It, Qt, Rt) → (St, It + 1, Qt − 1, Rt) µR∆t + o(∆t)
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Figure 3. a)Numerical simulation of the deterministic SIQR model 1 with S(0) = 850, I(0) = Q90) =
R(0) = 50 and the parameter values Λ = 100, β = 0.02, µ = 0.01, σ = 0.02, ρ = 0.03, ζ = 0.02 b)
Stochastic simulation of SIQR model using Gillespie’s algorithm; initial population size is S(0) =

850, I(0) = Q(0) = R(0) = 50 the parameters are 1 with the parameter values Λ = 100, β =

0.02, µ = 0.01, σ = 0.02, ρ = 0.03, ζ = 0.02. Please observe that the stochastic and deterministic
solutions are in good agreement.
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Figure 4. a) Probability distribution of the number of infected of the stochastic SIQR model (1000
repetitions of Gillespie’s algorithm) with S(0) = 850, I(0) = Q(0) = R(0) = 50 and the parameter
values Λ = 100, β = 0.02, µ = 0.01, σ = 0.02, ρ = 0.03, ζ = 0.02 b) Probability distribution of
the number of infected of the stochastic SIR model (1000 repetitions of Gillespie’s algorithm) with
S(0) = 900, I(0) = R(0) = 50 and the parameter values Λ = 100, β = 0.02, µ = 0.01, σ = 0.02. Please
observe that the quiescence shifted the mean number of infected to the right.

5. Management Approach

As these dormant organisms might contribute to the survival and return of the illness, managing
infectious diseases under the influence of pathogen quiescent can be difficult. However, a number of
techniques can lessen the effect of quiescence on illness management. Here are a few ideas:

1. Prolonged Treatment Period: Extend the time that antibiotics are administered in order to target
both quiescent and actively proliferating parasites. Quiescent parasites have a lower metabolic
rate and a slower rate of reproduction. Therefore treating them for a longer time is necessary
to completely eradicate them. You have a better chance of getting rid of dormant parasites and
keeping the illness from re-emerging if you stick with the antibiotic prescription for a long time.

2. Disrupt Quiescence: Conduct research and create tactics to particularly target and interrupt
parasite quiescence. This could entail locating the substances or mechanisms that quiescence
induction uses and creating medications that can obstruct them. The efficacy of antibiotic
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therapy can be increased, resulting in better illness management, by interfering with the ability
of parasites to enter or maintain a quiescent state.

3. Host immunological Enhancement: To attack dormant parasites, strengthen the host
immunological response. Quiescent parasites have decreased metabolic activity, but the immune
system can still identify and attack them. Along with antibiotic treatment, strategies like
immunomodulatory medicines or immune system-boosting therapies can help trigger the host
immune response against dormant parasites.

6. Discussion

Impact on Transmission: Since quiescence raises the average number of infected people, it stands
to reason that less activity during this time could, paradoxically, accelerate the disease’s spread. There
are a few possible causes for this phenomenon:

Reservoir Effect: Infectious agents may persist in spreading throughout a population if people are
not actively practising prevention during the quiescent phase, which could result in a higher rate of
infections when activity picks back up.

Altered Contact Patterns: Social interactions and contact patterns may be altered as a result of
quiescence. Resuming regular activities without taking the necessary safety precautions may lead to
an increase in the spread of disease.

Loss of Immunity: The population may become more vulnerable to the disease, which could
contribute to an increase in infections, if the quiescent period results in a loss of acquired immunity or
a drop in vaccination efficacy.

Implications for Public Health: It is crucial for public health to comprehend how diseases spread
during times of quiescence. It highlights the necessity of focused interventions and communication
tactics during these times to reduce the possibility of an increase in infections once regular operations
resume.

7. Conclusion

It is important to note that the particular tactics used can change depending on the infectious
condition at hand as well as the traits of the quiescent parasites involved. Therefore, it is crucial
to adjust the management strategy to the unique features of the disease and take into account the
most recent research findings and therapeutic recommendations. Overall, prevention, early detection,
evidence-based therapy, teamwork, and innovation are all essential components of an effective disease
management strategy. By putting these principles into practise, public health authorities and healthcare
professionals can significantly advance efforts to lower illness incidence, enhance patient outcomes,
and protect population health and well-being.

Author Contributions: Conceptualization, US, SS; methodology, US and SA; analysis, US ; investigation, US, SS
and SA; writing—original draft preparation, US and SA; writing—review and editing, SA and US. All authors
have read and agreed to the published version of the manuscript.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the study;
in the analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.

References

1. Karl, P. H. Topics in Mathematical Biology. 1st ed; Springer Cham: Springer Intertanational Publisher 2017;
pp. 1–68. [Crossref]

2. Lennon, Jay T. and Jones, Stuart E. Microbial seed banks: the ecological and evolutionary implications of
dormancy. Springer Science and Business Media LLC. 2011, 9, 1119–130. [Crossref]

3. Blath, Jochen and Hermann, Felix and Slowik, Martin. A branching process model for dormancy and seed
banks in randomly fluctuating environments. Journal of Mathematical Biology 2019, 83, 17. [Crossref]

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 December 2023                   doi:10.20944/preprints202312.1159.v1

https://doi.org/10.1007/978-3-319-65621-2
http://dx.doi.org/10.1038/nrmicro2504
http://dx.doi.org/10.1007/s00285-021-01639-6
https://doi.org/10.20944/preprints202312.1159.v1


8 of 10

4. João, H. P. The impact of dormancy on evolutionary branching. arXiv preprint arXiv:2209.01792 2022.
[Crossref]

5. Richard A. J.; Dean W. W. Dynamics of the 2001 UK foot and mouth epidemic: stochastic dispersal in a
heterogeneous landscape. Science 2001, 294, 813–817. [Crossref]

6. Balmer, O.; Tanner, M. The control of bovine viral diarrhoea virus in Europe: today and in the future.
Plurithematic issue of the Scientific and technical review. 2006, 961–979.

7. Lakhani, S. Early clinical pathologists: Edward Jenner (1749-1823). Journal of clinical pathology 1992, 45,
756–758. [Crossref]

8. Riedel, S. Edward Jenner and the history of smallpox and vaccination. Baylor University Medical Center
Proceedings 2005, 18, 21–25. [Crossref]

9. Balaban, N.; Merrin, J.; Chait, R.; Kowalik, L.; Leibler, S. Bacterial persistence as a phenotypic switch. Baylor
University Medical Center Proceedings 2004, 304, 1622–1625. [Crossref]

10. Sorrell, I; White, A.; Pedersen, A. B. ; Hails, R. S.; Boots, M. The evolution of covert, silent infection as a
parasite strategy. Baylor University Medical Center Proceedings 2009, 276, 2217–2226. [Crossref]

11. Verin, M. ; Tellier, A. Host-parasite coevolution can promote the evolution of seed banking as a bet-hedging
strategy. Evolution 2018, 72, 1362–1372. [Crossref]

12. Keeling, M. J.; Rohani, P. Modeling infectious diseases in humans and animals. Princeton University Press
2011. [Crossref]

13. Kloehn, J.; Boughton, B. A.; Saunders, E. C.; O’Callaghan, S.; Binger, K. J.; McConville, M. J. Identification of
metabolically quiescent Leishmania mexicana parasites in peripheral and cured dermal granulomas using
stable isotope tracing imaging mass spectrometry. MBio 2021, 12, 10–1128. [Crossref]

14. Allen, L. J. An introduction to stochastic processes with applications to biology. Allen 2010, 12, 10–1128.
[Crossref]

15. Lewis, K. Persister cells. Annual review of microbiology 2010, 64, 357–372. [Crossref]
16. Sellinger, T.; Müller, J.; Hösel, V.; Tellier, A. Are the better cooperators dormant or quiescent? Mathematical

biosciences 2019, 318, 108272. [Crossref]
17. Lewis, K. Exact and approximate formulas for contact tracing on random trees. Mathematical biosciencesy

2020, 321, 108320. [Crossref]
18. Cox, Francis EG History of the discovery of the malaria parasites and their vectors. Parasites & vectors 2010,

3,1–9. [Crossref]
19. Gural, N; Mancio-Silva, L; Miller, A. B.; Galstian, A.; Butty, V. L.; Levine, S. S.; Patrapuvich, R.; Desai, S. P.;

Mikolajczak, S. A.; Kappe, S.H.; others In vitro culture, drug sensitivity, and transcriptome of Plasmodium
vivax hypnozoites. Cell host & microbe 2018, 23,395–406. [Crossref]

20. Sato, S. Plasmodium—a brief introduction to the parasites causing human malaria and their basic biology.
Journal of physiological anthropology 2021, 40,1–13. [Crossref]

21. Snow, Robert W and Guerra, Carlos A and Noor, Abdisalan M and Myint, Hla Y and Hay, Simon I The global
distribution of clinical episodes of Plasmodium falciparum malaria. Nature 2005, 434,214–217. [Crossref]

22. Anderson, R. M.;May, R. M. Infectious diseases of humans: dynamics and control. Oxford university press
1992. [Crossref]

23. Battle, K. E; Gething, P. W.; Elyazar, I. R.; Moyes, C.L. ; Sinka, M. E.; Howes, R. E.; Guerra, C. A.; Price, R. N. ;
Baird, J. K.; Hay, S.I. The global public health significance of Plasmodium vivax. Advances in parasitology
2012, 80, 1–111. [Crossref]

24. Hairston Jr, N. G.; De Stasio Jr, B. T. Rate of evolution slowed by a dormant propagule pool. Advances in
parasitology 1998, 336, 239–242. [Crossref]
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