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Abstract

Background: Community containment is one of the common
methods used to mitigate infectious disease outbreaks. The
effectiveness of such a method depends on how strictly it is applied
and the timing of its implementation. An early start and being strict is
very effective; however, at the same time, it impacts freedom and
economic opportunity. Here we created a simulation model to
understand the effect of the starting day of community containment
on the final outcome, that is, the number of those infected,
hospitalized and those that died, as we followed the dynamics of
COVID-19 pandemic.

Methods: We used a stochastic recursive simulation method to apply
disease outbreak dynamics measures of COVID-19 as an example to
simulate disease spread. Parameters are allowed to be randomly
assigned between higher and lower values obtained from published
COVID-19 literature.

Results: We simulated the dynamics of COVID-19 spread, calculated
the number of active infections, hospitalizations and deaths as the
outcome of our simulation and compared these results with real

world data. We also represented the details of the spread in a network

graph structure, and shared the code for the simulation model to be
used for examining other variables.

Conclusions: Early implementation of community containment has a
big impact on the final outcome of an outbreak.
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Introduction

As a public health tool, community containment measures are
employed to curb/slow the spread of infectious disease outbreaks
inside communities, regions, and cities. It is considered a last
resort when all other tools such as case-isolation and quarantine
fail to yield the required results'. Community containment can
be achieved by applying a number of measures, which can vary
from social distancing (by closing schools, cancelling big popu-
lation events, or travel ban) to a complete shutdown/lock-down
of entire region or city'. The main goal of community contain-
ment measures is to lower the pace and the extent of an outbreak,
or “flattening the curve””, which helps in preventing bottlenecks
in the healthcare system. During outbreak acceleration phase,
the number of people needing hospitalization and critical care
grows exponentially and that can overwhelm healthcare system
and lead to sub-optimal treatment, which eventually is translated
to higher morbidity and mortality.

The social distancing policies implemented during pandemic
are not without a cost; these measures lead to an economic
slowdown. To manage that, authorities might push for relaxation
of the containment methods to improve economic opportunity,
a step that might be too early and could lead to increase in the
spread of infection. Therefore, authorities must maintain a deli-
cate balance between the country economic performance and the
health of its citizens”.

To this end, simulation is a commonly used method to inform
our understanding of the impact of several factors/variables on
the dynamics of infectious disease. The different types of simu-
lation methods and algorithms are reviewed by Siettos er al.’.
Recently, many studies have been published to simulate the
dynamic of COVID-19. One particular paper’ examined the effect
of case isolation. However, The results of simulating the timing
for community containment, to our knowledge, have not been
published yet. In this paper, we aim to show this using a recur-
sive simulation model of COVID-19° infection spread. Anderson
et al.” published a detailed commentary discussing the dynamics
of COVID-19 spread and how its spread can be mitigated, which
we have used as the basis of our simulation. Although this sim-
ulation can be tuned to examine the effect of multiple factors,
we examined/showed only the impact of the timing of com-
munity containment implementation. Moreover, we presented
the spread in a graph network structure to facilitate further
investigation.

Methods

This simulation started by assuming the presence of one patient
in equally infection-susceptible community and remained infec-
tious for 6 days. Every day he came to contact with random
number of people between 10 to 15, with 3% probability for each
one of them to be infected (secondary case). Each secondary case
get into incubation period with random assigned length between
3 to 14 days and started to be contagious 1 or 2 days before the
end of that period, all other possibilities are randomly modeled
to resemble COVID-19 dynamics, the possible outcomes are
diagnosed cases, hospitalizations (20%), deaths (6%) or cures™’.
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To imitate a real life situation, the patient is counted (active case)
only after being diagnosed, there is a possibility for a patient to
be diagnosed even before developing any symptoms (end of
incubation period).

To simulate community containment measures, we simplify
the effect to reduction of number of contacts. Originally the
number of contacts are set to be 10-15 per day, We set two
levels of containment measures: loose, where the number of
contacts is reduced from 10-15 to 5-10 per day (40% reduction);
strict, where the number of contacts is reduced to 2-5 per day
(~72% reduction). We calculated the effect of starting community
containment (35, 45, 55, 65, 75, and 85) days after first patient
diagnosis. This simulation continued for 100 days. And we
recorded the details of infected cases and their origin of infec-
tion, so they can be used to build a network graph if other obser-
vations are intended like simulating the effect of big transmitters,
however, we did not consider any of them in this short article.

We tested the effect of community containment relaxation by
going back to normal number of contacts after one month in the
case of starting community containment after 45 days of first
patient diagnosis. Moreover, we compared our simulation result
with real data from Our World in Data®. We compared the number
of cases of India and San Marino from the report of first case
to the date we did the analysis on May 10th, 2020.

We used Python programming language (version 3.7.6), with the
following packages: Networkx 2.4 for network analysis, json 2.0.9
and gzip packages for data storage, pandas 1.0.1 and numpy 1.18.4
for data processing and Matplotlib 3.1.3 for visualisation.

Results

Simulation model

The created simulation code is available at www.github.com/
attayeb/corona_simulation/’. It is a simple python script that
takes input of two items, the details of first patient and the
simulation parameters which need to be inserted in form of a
python dictionary. This code can be easily modified to fulfil the
requirement of wide spectrum of parameters, like the number
of contacts, quarantine measures, hospitalization, and death
rates.

Simulation of community containment

Because of the stochastic nature of our simulation, and to get
the most reliable result of our work, we did the simulation 100
times, and we calculated the median, we choose median to
reduce the effect of outliers.

The number of active cases (Figure 1), shows how implement-
ing community containment measures earlier after first patient
diagnosis has greater effect. For example, starting community
containment measures 10 days earlier (65 compared to 75) leads
to 60% reduction in number of active cases at day 90. Same
behaviour can also be seen with the number of hospitalized cases
(Figure 2). The effect on number of dead cases are more promi-
nent at day 45 compared to 65 or later because longer time is
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Figure 1. Comparing the numbers of active cases, hospitalized, and deaths of loose versus strict scenario. The x-axis shows the day
after first patient diagnosis, colored lines correspond to the day when community containment starts.

required for death to happen in comparison to diagnosis and
hospitalization.

To show the effect of community containment measures relaxa-
tion, we simulated going back to usual number of contacts
after one month from starting as an example. Figure 3 showed
that, after one month of community containment measures,
we go back to the same curve slope compared to the original
curve without applying any measures. Which means that relax-
ing community containment after one month of applying them
is delaying the infection spread without curve flattening. Our

model can be used for further consideration of the effect of
duration of community containment.

We also compared our model results to real world data. Figure 4
shows that our loose-45 model is comparable to India spread.
In India, the first case was recorded on January 30th, and major
lockdown measures were introduced by the government on
March 22nd, 50 days after first patient diagnosis. Meanwhile
our strict-35 model is similar to the situation in San Marino,
which had the first case reported on February 27th and on
March 14th a major lockdown started.
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Figure 2. A summary of simulation results at day 90. The x-axis represents the start day of the community containment measures, y-axis
represents the number of cases.
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Figure 3.The effect of relaxing community containment measures on the number of active cases. S85: starting community containment
measures at day 85, S45-R75: starting community containment at day 45 with relaxation at day 75, S45: starting community containment at
day 45 without relaxation.
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Network analysis

To show the effect of community containment on the number
of COVID-19 infections transmitted by every single patient,
we built a spread network graph (Figure 5). Nodes repre-
sent infected cases and edges represent infection transmission.
Therefore, the calculation of nodes degree over time reflects the
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transmission rate for each patient. This figure shows that strict
measures leads to greater reduction in number of new infected
patients per case compared to loose measures and before com-
munity containment. This network can be further used to study
the effect of other factors such as the incubation period and
self-quarantine.
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Figure 4. Simulation results compared to real world statistics. left side panel shows loose measures in India corresponds to loose-45
(applying loose measures 45 days after first patient diagnosis) model, while right side panel shows strict-35 model (applying strict measures
35 days after the diagnosis of first patient) model in comparison with San Marino statistics.
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Figure 5. Simulation network visualization and analysis. Left panel shows miniature example of built network graph for strict-55 model.
Green colored nodes are the cases infected prior to introduction of community containment. Right panel shows the mean of node degrees,
which corresponds to the number of cases got infected per patient. CC, community containment.
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Discussion

COVID-19 is a highly contagious disease with a devastat-
ing morbidity and mortality burden'’, which led to a debate/
uncertainty about the likelihood of its spread in the
community''. Tt is estimated that 20% of COVID-19-infected
people suffer severe clinical complications that need urgent and
complex treatment, and therefore have the potential to overwhelm
health care facilities such as hospitals''. Overburdened hospi-
tals effect might also be compounded by the shortage of trained
health care professionals who deliver treatment, and hospital
staff who organize the workflow of the day-to-day operation'”.
Collectively, this can lead to poor quality of care and in some cases
a complete exhaustion of the health care system, similar to what
happened in the Italy'’. With this in mind, community contain-
ment methods such as social distancing had been employed to slow
down the spread of COVID-19 in affected communities and con-
sequently relieve overburdened healthcare systems and reduce the
number of deaths.

For this purpose, in this simulation study, we have shown that
early implementation of social distancing measures (reduc-
tion in the number of contacts of people as a general rule) in a
whole society has a great impact on the numbers of infections,
hospitalizations and deaths as a result of COVID-19 infec-
tion. In addition, we demonstrated that early relaxation of social
distancing leads to a rebound increase in the number of active
cases in the community without curve flattening. We achieved
these results by stochastic simulation modelling of the spread
with simulation assumptions determined by following the
COVID-19 published literature’. We have done the simula-
tion 100 times for each parameter set and calculated the median
to reduce the impact of randomization and outliers on the final
result.

One major limitation in our model is the fact that it does not
consider the Susceptible, Infected and Removed (SIR) model;
we purposefully did that because we are targeting the impact of
early application of the measures rather than the extended effect.
Moreover, there is no clear conclusion regarding the effectiveness
of post-infection COVID-19 immunity'* for SIR model to rely
upon. We also considered that applying the measures at a later
stage (75 or 85 days) is not practically possible, assuming that
the population will follow self-quarantine guidelines if wide dis-
ease spread happens; however, we are still showing these results
for comparison as extreme case when all protective measures are
ignored. We also did not consider the effect of self-quarantine
or case isolation strategy if the patient was not hospitalized,
because our aim is to show the impact of global society rather
than individual preventive measures which other simulation
studies have considered’. However, small modifications of our
script simulation variables input could be done to simulate such
effects.
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During this manuscript preparation, similar results were reported
by Matrajt et al.”. They followed age-stratified compartments
similar to the population of Seattle metropolitan area. Our
model in comparison did not consider age distribution; how-
ever, one important addition of our model is the presentation of
the simulation results in graph structure. Our simulation also
was limited to the first 100 days of the pandemic without assum-
ing the total community population. Finally, our simulation was
compared to an actual COVID-19 containment measures imple-
mented in San Marino and India, which gives more robustness
to our model.

Conclusions

This simulation shows that the early implementation of social
distancing and reducing the number of contacts per day
reduces the number of hospitalized cases, deaths and number
of infected people. Furthermore, early relaxation of social dis-
tancing is associated with rebound increase in the number of
active cases in the community. This study can provide some
evidence that can help increase awareness among health care
professionals, policy makers, and general public about the impor-
tance of early implementation of community containment measures
such as social distancing during pandemics.

Data availability

Underlying data

All data underlying the results are available as part of the article
and no additional source data are required.

Extended data
Source code and input data for the simulation available at:
https://github.com/attayeb/corona_simulation/

Archived source code at time of publication: https:/doi.
org/10.5281/zenod0.3835945°.

License: BSD 3-Clause License.

Author contributions

A. M. conceptualized, designed and conducted the simula-
tion, and wrote the original manuscript, A. A. contributed in the
experiment design, results discussion and manuscript writing.
Both authors approved the manuscript before submission.

Acknowledgements

All computation was done in Laboratory of Bioinformatics,
Artificial Intelligence Center for Health and Biomedical Research
(ArCHER), National Institutes of Biomedical Innovation, Health
and Nutrition (NIBIOHN), Osaka, Japan. We would like to
thank Dr. Kenji Mizuguchi and Dr. Ahmad Haredy for their
contribution during various stages of paper preparation.

Page 7 of 13


https://github.com/attayeb/corona_simulation/
https://doi.org/10.5281/zenodo.3835945
https://doi.org/10.5281/zenodo.3835945
https://github.com/attayeb/corona_simulation/blob/0.1/LICENSE

References

F1000Research 2020, 9:452 Last updated: 21 SEP 2020

Wilder-Smith A, Freedman DO: Isolation, quarantine, social distancing and
community containment: pivotal role for old-style public health measures in
the novel coronavirus (2019-nCoV) outbreak. J Travel Med. 2020; 27(2): taaa020.
PubMed Abstract | Publisher Full Text | Free Full Text

Anderson RM, Heesterbeek H, Klinkenberg D, et al.: How will country-based
mitigation measures influence the course of the covid-19 epidemic? Lancet.
2020; 395(10228): 931-934.

PubMed Abstract | Publisher Full Text | Free Full Text

Reynolds DL, Garay JR, Deamond SL, et al.: Understanding, compliance and
psychological impact of the SARS quarantine experience. Epidemiol Infect.
2008; 136(7): 997-1007.

PubMed Abstract | Publisher Full Text | Free Full Text

Siettos Cl, Russo L: Matt ical modeling of infectious di dyr
Virulence. 2013; 4(4): 295-306.

PubMed Abstract | Publisher Full Text | Free Full Text

Hellewell J, Abbott S, Gimma A, et al.: Feasibility of controlling COVID-19
outbreaks by isolation of cases and contacts. Lancet Global Health. 2020; 8(4):
©488-496.

PubMed Abstract | Publisher Full Text | Free Full Text

Zhu N, Zhang D, Wang W, et al.: A Novel Coronavirus from Patients with
Pneumonia in China, 2019. N Engl J Med. 2020; 382(8): 727-733.

PubMed Abstract | Publisher Full Text | Free Full Text

Li Q, Guan X, Wu P, et al.: Early Transmission Dynamics in Wuhan, China, of
Novel Coronavirus-Infected Pneumonia. N Engl J Med. 2020; 382(13):
1199-1207.

PubMed Abstract | Publisher Full Text | Free Full Text

9.

10.

11.

12.

13.

14.

15.

Ritchie H: Coronavirus Source Data. 2020.
Reference Source

Mohsen A, Alarabi A: The impact of community containment implementation
timing on the spread of COVID-19: A simulation study. 2020.
http://www.doi.org/10.5281/zenodo.3835945

Mizumoto K, Kagaya K, Chowell G: Early epidemiological assessment of the
transmission potential and virulence of coronavirus disease 2019 (COVID-19)
in wuhan city: China, january-february, 2020. medRxiv. 2020.

Publisher Full Text

Cowling BJ, Aiello AE: Public Health Measures to Slow Community Spread of
Coronavirus Disease 2019. J Infect Dis. 2020; 221(11): 1749-1751.
PubMed Abstract | Publisher Full Text | Free Full Text

Emanuel EJ, Persad G, Upshur R, et al.: Fair allocation of scarce medical
resources in the time of covid-19. N Eng/ J Med. 2020; 382(21): 2049—-2055.
PubMed Abstract | Publisher Full Text

Salathé M, Althaus CL, Neher R, et al.: COVID-19 epidemic in Switzerland: on the
importance of testing, contact tracing and isolation. Swiss Med Wkly. 2020; 150:
w20225.

PubMed Abstract | Publisher Full Text

“Immunity passports” in the context of COVID-19. 2020.

Reference Source

Matrajt L, Leung T: Evaluating the Effectiveness of Social Distancing
Interventions to Delay or Flatten the Epidemic Curve of Coronavirus Disease.
Emerging Infect Dis. 2020; 26(8).

PubMed Abstract | Publisher Full Text

Page 8 of 13


http://www.ncbi.nlm.nih.gov/pubmed/32052841
http://dx.doi.org/10.1093/jtm/taaa020
http://www.ncbi.nlm.nih.gov/pmc/articles/7107565
http://www.ncbi.nlm.nih.gov/pubmed/32164834
http://dx.doi.org/10.1016/S0140-6736(20)30567-5
http://www.ncbi.nlm.nih.gov/pmc/articles/7158572
http://www.ncbi.nlm.nih.gov/pubmed/17662167
http://dx.doi.org/10.1017/S0950268807009156
http://www.ncbi.nlm.nih.gov/pmc/articles/2870884
http://www.ncbi.nlm.nih.gov/pubmed/23552814
http://dx.doi.org/10.4161/viru.24041
http://www.ncbi.nlm.nih.gov/pmc/articles/3710332
http://www.ncbi.nlm.nih.gov/pubmed/32119825
http://dx.doi.org/10.1016/S2214-109X(20)30074-7
http://www.ncbi.nlm.nih.gov/pmc/articles/7097845
http://www.ncbi.nlm.nih.gov/pubmed/31978945
http://dx.doi.org/10.1056/NEJMoa2001017
http://www.ncbi.nlm.nih.gov/pmc/articles/7092803
http://www.ncbi.nlm.nih.gov/pubmed/31995857
http://dx.doi.org/10.1056/NEJMoa2001316
http://www.ncbi.nlm.nih.gov/pmc/articles/7121484
https://ourworldindata.org/coronavirus-source-data
http://www.doi.org/10.5281/zenodo.3835945
http://dx.doi.org/10.1101/2020.02.12.20022434
http://www.ncbi.nlm.nih.gov/pubmed/32193550
http://dx.doi.org/10.1093/infdis/jiaa123
http://www.ncbi.nlm.nih.gov/pmc/articles/7184488
http://www.ncbi.nlm.nih.gov/pubmed/32202722
http://dx.doi.org/10.1056/NEJMsb2005114
http://www.ncbi.nlm.nih.gov/pubmed/32191813
http://dx.doi.org/10.4414/smw.2020.20225
https://www.who.int/news-room/commentaries/detail/immunity-passports-in-the-context-of-covid-19
http://www.ncbi.nlm.nih.gov/pubmed/32343222
http://dx.doi.org/10.3201/eid2608.201093

F1OOOResearch F1000Research 2020, 9:452 Last updated: 21 SEP 2020

Open Peer Review

Current Peer Review Status: ¥ ¢ 7

Reviewer Report 21 September 2020

https://doi.org/10.5256/f1000research.26644.r70458

© 2020 Heshmat M. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

?

Mahmoud Heshmat
Department of Mechanical Engineering, Faculty of Engineering, Assiut University, Assiut, EQypt

In the manuscript, the authors developed a simulation model to study the impact of community
containment implementation timing on the spread of COVID-19. The manuscript can be accepted
provided that the following issues are solved.

1. In the abstract, the results section should be highlighted in a better way. For example, the

first sentence is part of methodology not result.

2. You mentioned in the conclusions in the abstract that Early implementation of community

containment has a big impact on the final outcome of an outbreak. How much does that
impact? How do you measure it?

3. The authors used the work in references [3, 6, 7] from the literature, is it a considerable

contribution? The authors should clearly illustrate the contribution.

4. The literature review is limited, the authors must expand it by mention similar cases of

using simulation as a tool in healthcare in general and COVID 19 in particular.
Examples: '+

5. The manuscript should be revised with respect to grammatical and structure issues. I am

giving examples below:

Abstract: The first sentence is very short, I suggest being merged with second one or moved
to the introduction.

Introduction: Paragraph 3 Line 7: “However, The results of simulating the timing for
community containment, to our knowledge, have not been published yet.”

Line 4: the structure should be enhanced.

Paragraph 2: Heshmat et al. takes....

Page 4, second paragraph: “...which we studied only the treatment unit..” not clear
structure.

Page 4, last line in the second paragraph: c in Chemotherapy should be small.
Conclusion: This simulation shows that the early implementation of social distancing and

Page 9 of 13


https://doi.org/10.5256/f1000research.26644.r70458
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-1492-4223
jar:file:/work/f1000research/webapps/ROOT/WEB-INF/lib/service-1.0-SNAPSHOT.jar!/com/f1000research/service/export/pdf/#rep-ref-70458-1
jar:file:/work/f1000research/webapps/ROOT/WEB-INF/lib/service-1.0-SNAPSHOT.jar!/com/f1000research/service/export/pdf/#rep-ref-70458-2

F1000Research 2020, 9:452 Last updated: 21 SEP 2020

reducing the number of contacts per day reduces the number of hospitalized cases, deaths
and number of infected people.

References

1. Heshmat M, Eltawil A: A system dynamics-based decision support model for chemotherapy
planning. Journal of Simulation. 2018; 12 (4): 283-294 Publisher Full Text

2. Nuraini N, Khairudin K, Apri M: Modeling Simulation of COVID-19 in Indonesia based on Early
Endemic Data. Communication in Biomathematical Sciences. 2020. Publisher Full Text

Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
No

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Simulation.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Reviewer Report 01 September 2020
https://doi.org/10.5256/f1000research.26644.r67222
© 2020 Venkatachalam I. This is an open access peer review report distributed under the terms of the Creative

Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

+/  Indumathi Venkatachalam
1 Department of Infection Prevention and Epidemiology, Singapore General Hospital, Singapore,

Page 10 of 13


https://doi.org/10.1057/s41273-017-0059-8
https://doi.org/10.5614/cbms.2020.3.1.1
https://doi.org/10.5256/f1000research.26644.r67222
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-6869-1360

F1000Research 2020, 9:452 Last updated: 21 SEP 2020

Singapore
2 Department of Infectious Diseases, Singapore General Hospital, Singapore, Singapore

In this global Covid-19 pandemic, all societal sectors have been impacted. As the pandemic spread
across the globe, countries have responded differently, some instituting community containment
measures early while others awaiting in anticipation for development of protective herd immunity.
Each strategy is fraught with deep uncertainties and unprecedented far reaching consequences.

Mohsen and Alarabi present a simulation study that predicts the impact of community
containment measures on the numbers of Covid-19 cases, hospitalizations and deaths. They
assess, (1) strict versus loose containment measures and (2) time from first case to
implementation of these measures. They then compare their models to real data from India and
San Marino, from report of first case to date of analysis on May 10th, 2020.

Though the results have to be interpreted in light of the assumptions such as infectious period of
6 days, 3% probability of being infected once exposed, 20% hospitalization and 6% death rates
from Covid-19, the overall finding that early implementation of community containment measures
may be more important than the strictness of these measures is interesting and worth exploring
further.

Results in Figure 2 can be elaborated further; the results highlight the time to initiation of
community containment measures has a greater impact than the type of measures. Looser
measures early on have better outcomes, and when interventions are implemented later on,
stricter measures don't seem to have much benefit over looser measures.

The validity of these findings have potential to impact policy and outcomes for subsequent waves
of this pandemic.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Partly

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
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Salem I.M Alkoshi
Department of Public Health, Faculty of Public Health & Nursing, Al Asmarya Islamic University,
Zliten, Libya

it is a good work with sufficient data analyzed. It was good written, but I have minor comments
which should be done for final approval:
1. The result in the abstract should include some numbers and clear results rather
than narrative. this will strengthen the abstract.

2. Please provide more explanation about 85 days in fig 1 page 4, it seems to be same results
in loose and strict, Please clear it in result part or discussion part.
Great work and hope all the best to authors.
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