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Even though mathematical epidemiology has been around for decades, but the popularity is only 

recently increasing significantly.  With the occurence of COVID-19 pandemic, a substantial 

mathematical models of COVID-19 transmission and related issues have been developed. It is important 

to study to what extend those models have been developed and what are the major finding of the models. 

This paper has two folds; firstly it is an attempt to give a brief review those papers which presented 

mathematical models and secondly give an example of a black box mathematical model with the 

emphasize of COVID-19 data in Indonesia. 
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COVID-19 is a very dangerous new disease, appeared only about less than a year ago. As a new 

disease it is already has been declared as a Pandemic by the World Health Organization (WHO) 

on March 11, 2020. This disease is caused by the Corona SARS-2 virus and is thought to have 

originated in Wuhan, China. At that time, more than 118,000 cases were recorded in 114 

countries with 4,291 people losing their lives (WHO, 2020). To see the widespread of the 

disease, we note that as of April 11, 2020, the figure has increased dramatically with a total 

number of more than 1.5 million cases of infection and more than one hundred fatalities and at 

the end of July 2020, there were 16,839,692 recorded positive cases of infection with 661,379 

deaths, and even currently those number have reached to nearly 27 million and one million, 

respectivelly (https://www.worldometers.info/coronavirus/). 



Since the announcement of the pandemic, almost every country has made very intensive efforts 

to combat the disease, albeit with a wide variety of responses. Efforts that are generally directed 

are handling cases of infection, prevention of transmission and development of early detection 

methods for monitoring transmission of the disease. Various collaborative research efforts are 

made to develop better strategies for controlling the spread of disease based on a scientific basis 

that is carried out in a multi- and trans-disciplinary manner. 

 

Data updating continues to monitor and control the spread of the disease, while drugs and 

vaccines have yet to be found. This has prompted continued efforts to be made in order to find 

the best control strategy, both clinical, epidemiological, and other means by involving various 

experts in related fields. One approach is through mathematical modeling, in which in this way, 

the process of spreading the disease is essentially abstracted in the form of mathematical 

equations, either by using real data (empirical modeling) or hypothetically by looking at the 

transmission mechanism that occurs (mechanical modeling). 

 



The two modeling approaches above lead to two types of complementary models, empirical 

models (with an emphasis based on incidence / disease data / infection cases data) and 

mechanistic models (with an emphasis based on the mechanisms of transmission / transmission 

of the disease). Before reviewing further, the following will describe some of the typical 

problems that exist in the discussion of epidemiological mathematics. 

 

So far there are a lot of mathematical model developed to study the COVID-19 data, using 

different mathematical methods and approaches. Some using mechanical  white box models 

and others using empirical  black box models. Both have equally strengths and weaknesses, 

depending on the target of the modeling purposes. Among the empirical models are (Shen 2020,  

Zou et al. 2020, Aviv-Sharon and Aharoni 2020, Wang et al. 2020, Wu et al. 2020, Ghosh et al. 

2020). All the above mentioned authors have utilized the logistic growth function (or the 

modified logistic of the classical Verhulst model) in analyzing the COVID-19 data for various 

countries. The results are quite good and fit to the real data. Some implication regarding control 

action and intervention are also suggested in their works. . 

 



We employed two methods, the first one is bibliographic analysis and the second one is 

modeling. Bibliographic analysis is done for worldwide bibliography on COVID-19 modeling 

while the modeling is done specifically for Indonesias data of COVID-19 pandemic. 

 

For the first part, we undertook a brief bibliogrhaphic analyis using Publish or Perish software 

application  (https://harzing.com/resources/publish-or-perish) by searching publication for the 

keywords “COVID-19” and “logistic” from Google Scholar database and Scopus data base, and 

found more than 1000 papers. But the keyword “logistic” might also refer to other concept, such 

as those in supply chain and economy. We select only the related ones and the results from 

VOSViewer visualization software application (https://www.vosviewer.com/) we obtain 

keywords relation (to other keywords) and authors relation in Figure 2 (Google Scholar data 

base) and Figure 3 (Scopus data base). 



For the second part, we obtained pandemic data in Indonesia from the Worldometer website 

(Worldometer 2020). The data which are available from the website include total confirmed 

cases, daily new cases, daily active cases, daily death, etc. However, we only use the time series 

data of the total confirmed cases to fit with the logistic model (later on we use the time series 

data of the daily new cases).  

 

We used the data starting on 2 February, the official first day of the reported pandemic cases in 

Indonesia, up to 14 September 2020.  We used the classical Verhulst logistic model to fit the time 

series of the total confirmed cases. The parameters refer to the asymptotic value (carrying 

capacity or the maximum number of total confirmed cases, K) and the logistic growth rate or 

steepness of the curve (r).  

 

In applying the logistic equation to the pandemic data we  denoted that X(t) is the cumulative of 

confirmed case at time t. The calculation is done using Solver in the Microsoft Excel application 

by choosing the GRG Nonlinear (Generalized Reduced Gradient) for the oftimization to find the 

minimum root of the mean square error as the measure. 



 

 

 

 

 

We undertook a brief bibliographic analyis using Publish or Perish software application  

(https://harzing.com/resources/publish-or-perish) by searching publication for the keywords 

“COVID-19” and other mathematical terms from Google Scholar database and Scopus data 

base. The resulting meta data is then proceeded by the VOSviewer software. 

 

VOSviewer is a software tool for constructing and visualizing bibliometric networks. These 

networks may for instance include journals, researchers, or individual publications, and they can 

be constructed based on citation, bibliographic coupling, co-citation, or co-authorship relations. 

VOSviewer also offers text mining functionality that can be used to construct and visualize co-

occurrence networks of important terms and also the visualization of coauthorship 

networks extracted from a body of scientific literature. 

 

This will (or might) help the initial guidance in finding further analysis to find the state of the art 

in the specific part of the body of scientific literature under investigation. 

 

 

 

 

 



 

 

 

 

 

Main keyword is “COVID 19”, “COVID-19” and other synonim such as SAR COV-2 etc 

 

 

The mathematical terms we use among others are: 

 

 mathematics, mathematical, modelling, modeling,  
 

A more specific technical terms such as dynamical system, system dynamics, 
genetic algorithm, and network analysis are also used 

  

 

 

 

 

 

 

 

 

 



We undertook a brief bibliogrhaphic analyis using Publish or Perish software application  

(https://harzing.com/resources/publish-or-perish) by searching publication for the keywords 

“COVID-19” and “logistic” from Google Scholar database and Scopus data base, and found 

more than 1000 papers.  

 

The keyword “logistic” might also refer to other concept, such as those in supply chain and 

economy. We select only the related ones and the results from VOSViewer visualization software 

application (https://www.vosviewer.com/) we obtain keywords relation (to other keywords) and 

authors relation in Figure 2 (Google Scholar data base) and Figure 3 (Scopus data base).  

 



 

 

 

 

 

 

 

Source: Supriatna, Napitupulu et al. (in prep.) 

Figure 2 a. VOSviewer representation of collaborating authors who published papers bearing the keywords 
“COVID-19” and “logistic” . The metadata of publication are from Google Scholar data base, retrieved on 14 
September 2020. 



 

 

 

 

 

 

 

Figure 2 b. VOSviewer representation of published papers bearing the keywords “COVID-19” and “logistic” 
and other keyword that appear in the papers. The metadata of publication are from Google Scholar data base, 
retrieved on 14 September 2020. 



The result shown in Figure 2.a (Google Scholar data base) indicates that most collaborating 

authors bearing chinesse name. It does not mean that the institutions are in China. However result 

in Figure 3.a (Scopus data base) show that (when look at the authors’ names) the collaborating 

authors are more diverse, coming from different countries.  



 

 

 

 

 

 

 

Figure 3 a. VOSviewer representation of collaborating authors who published papers bearing the keywords 
“COVID-19” and “logistic”. The metadata of publication are from Scopus data base, retrieved on 14 September 
2020. 



 

 

 

 

 

 

 

Figure 3 b. VOSviewer representation of published papers bearing the keywords “COVID-19” and “logistic” and 
other keyword that appear in the papers. The metadata of publication are from Scopus data base, retrieved on 
14 September 2020. 



Figures 2.b and 3.b show other related keywords that appeared in the publication of the papers 

bearing those two keywords, “COVID-19” and “logistic”. The figures show that the logistic 

growth function (or the modified- and generalized- logistic growth) have been applied in many 

context of COVID-19. 

 

We do not show other results for other mathematical terms we evaluated for the sake of brevity. 

 

However, the most interesting fact is that we found the works of  some big shots in the area of 

mathematical epidemiology did not appear in this kind of analysis although they have already 

published some influential works on COVID-19 modeling. 

 

 



Some works of influential peoples in mathematical epidemiology not found by the method 

 

1. Roy M Anderson, Hans Heesterbeek, Don Klinkenberg, T Déirdre Hollingsworth. The Lancet 

Vol. 395, ISSUE 10228, P931-934, MARCH 21, 2020. How will country-based mitigation 

measures influence the course of the COVID-19 epidemic? (Contain the word model) 

2. De Salazar PM*, Niehus R*, Taylor A,Buckee C, Lipsitch M. Using predicted imports of 

2019-nCoV cases to determine locations that may not be identifying all imported cases. (Contain 

the word model) 

3. Kissler, Lipsitch et al., Projecting the transmission dynamics of SARS-CoV-2 through the 

postpandemic periodScience 10.1126/science.abb5793 (2020). (Contain the word dynamics) 

 

 The result of the analysis should be considered with caution. More delineation is needed 

manually. 

 VOSviewer might help to guide into the state of the art of a certain area of body knowledge 

but is not the only one. 



1. The results from VOSviewer visualization using Google Scholar data base indicates that most 

collaborating authors bearing chinesse name. It does not mean that the institutions are in China. 

However the result by using Scopus data base shows that (when look at the authors’ names) the 

collaborating authors are more diverse, coming from different countries. 

2. The result of the VOSviewer visualization should be considered with caution. More delineation is 

needed manually, there is a case where important papers are not found. 

3. VOSviewer might help to guide into the state of the art of a certain area of body knowledge but is not 

the only one, especially for novice researchers. 

 

 



End of part one 



Part two begins 



Logistic Model 

The logistic growth model is among the 
most popular function used  in COVID-
19 modeling as shown in the excerpt of 
VOSviewer visualization. This is easy to 
understand since there is a theory in 
mathematical epidemiology that the 
total number of infection will eventually 
approach an upperbound  / asymptote 
due to the decreasing number of 
susceptibles. Hence the total number 
will form a sigmoid curve of growth, 
such as the logistic growth model. 

 



The Verhulst logistic function is among the most popular equation to describe a growth 
phenomenon. Besides paper publication on logistic growth model, there are also software 
application that readily used by those who do not want involve in too many mathematical analysis, 
such as in Wolframcloud (2020).  
 
There is a huge number of applications of the logistic equation in various field. Once of the strength 
of the model is its capability in estimating the carrying capacity or the maximum level of the 
growth. This upper bound   is very essential to obtain and has many practical implication. However, 
in some circumstances the model may fail to estimate this upper bound, especially when the 
growth is at the beginning phase.  
 
We will show the case when logistic model is unable to give a satisfactory performance.  We will 
also present a modified growth model of the Verhulst logistic equation, since when it is apply to the 
COVID-19 data pandemic in Indonesia, it cannot estimate the carrying capacity satisfactory. The 
modification has improve the estimation in terms of the root of the mean square error measure.  



The Verhulst Logistic Function 



The Failure of Logistic Model in Modeling 
COVID-19 Data in Indonesia 
• We obtained pandemic data in Indonesia from the Worldometer website 

(Worldometer 2020). The data which are available from the website include total 
confirmed cases, daily new cases, daily active cases, daily death, etc. However, 
we only use the time series data of the total confirmed cases to fit with the 
logistic model. We used the data starting on 2 February, the official first day of 
the reported pandemic cases in Indonesia, up to 14 September 2020.  We used 
the classical Verhulst logistic model to fit the time series of the total confirmed 
cases. The parameters refer to the asymptotic value (carrying capacity or the 
maximum number of total confirmed cases, K) and the logistic growth rate or 
steepness of the curve (r). In applying the logistic equation to the pandemic data 
we  denoted that X(t) is the cumulative of confirmed case at time t. The 
calculation is done using Solver in the Microsoft Excel application by choosing the 
GRG Nonlinear (Generalized Reduced Gradient) for the oftimization to find the 
minimum root of the mean square error as the measure. 



Figure 4. Total Coronavirus Cases (a) and Daily New Cases (b) in Indonesia pandemic data fitted by the logistic 
function. The data used to parameterize the equation are taken from the beginning of the disease (2 March 
2020) to 14 September 2020. The figures show that the logistic function fails to estimate the carrying capacity 
K. The model shows that at this date the disease should have already reached the carrying capacity K, which 
is in fact untrue (a). The inaccuracy becomes apparent when we plot the daily new cases which clearly depart 
form the observed data (b). 



The Modified Logistic Model 



Figure 5. Total Coronavirus Cases (a) and Daily New Cases (b) in Indonesia pandemic data fitted by the modified 
logistic equation. The data used to parameterize the equation are taken from the beginning of the disease (2 
March 2020) to 14 September 2020. Figure 5.a shows that the modified logistic equation is able to estimate 
the carrying capacity K  and produces curve that satisfactorily fits the data (compared to that in Figure 4.a). 
However if we look at the result for the daily new cases, the model shows that at this date the disease should 
also have already reached the carrying capacity K, which is in fact untrue (b).  



Comparison 

Today: 333,449 Needs improvement 



How to Improve 

• Remodify the logistic function by other features (previous 
modification is done by allowing flexible upper bound) 

• Change the fitting procedure (previous fitting is done by using the 
cumulative confirmed cases. Try e.g. By using the daily new cases)  
Currently is under investigation 

• Change the logistic function by other growth functions ( various 
growth functions are abundance) 











MMF Model of the total number of the COVID-19  
for Indonesia (data up to 09/09/2020) 

Source: Supriatna and Husniah (in prep.) 

? 



Long-term Prediction of Daily New Cases 



Long-term Prediction of Daily New Cases (USA) 

US Data 



MMF Model of the total number of the COVID-19  
for Indonesia (data up to 10/10/2020) 
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Long-term Prediction of Daily New Cases 
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Some preview of current work for more modified logistic model 
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1. There is a case when the logistic function fails to model growth if it is used indirectly. 

2. We can modify the logistic function by introducing a more flexible search of the upperbound to 

increase its fitting performance. 

3. Other growth models are available, such as the MMF which has a better fitting performance. 

 

Final Remark: 

It seems that the more appropriate approach is by fitting the logistic function (or any other growth 

function) indirectly to the daily new cases rather than the cumulative cases. Of course some modification 

are needed such as looking at the derivative growth function rather than the growth function itself. 

 



This research was funded by the Indonesian Government through the scheme "PENELITIAN HIBAH 

RISET DAN TEKNOLOGI / BADAN RISET DAN INOVASI NASIONAL” for 2020 budget year,  

Number: 1827 / UN6.3.1 / LT / 2020.  
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