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ABSTRACT 

We are going to show that the pattern of spread of COVID-19 outside China is not monotonic. 
We have considered the data outside China because we are going to study the data starting from 
March 21, and by that time the spread had almost come to a stop in China. We have used for our 
analysis data on total cases outside China till April 25, 2020, and data from April 26 to April 30 
for comparison of forecasts and observed values. Right from the beginning the spread pattern 
was nonlinear, and by the end of the third week of March the nonlinearity became nearly 
exponential. The exponential pattern thereafter has changed by around March 28, April 5, April 
11 and April 18. Since March 21, the spread is following a nearly exponential pattern of growth 
changing observably at almost regular intervals of seven days. It is but natural that at some point 
of time the countries that had been contributing in observably large numbers to the total cases 
would start to show diminishing growth patterns. Therefore long term forecasts using our method 
would give us slightly overestimated results. However, for short term forecasting our simple 
method does work very well when we consider the total number of cases in the world and not in 
any particular country.          
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INTRODUCTION 

The objective of our work is to find out in a very simple way an approximate pattern explainable 
mathematically of the spread of the corona virus disease that has affected the entire world in just 
five months. We have taken the data for our analysis from Worldometers.info [1] published on 
April 25, 2020. It is to be noted that the data regarding the COVID-19 matters made available by 
Worldometers.info are regularly edited to make small changes in the data published a few days 
ago. As such, the Worldometers.info data published on April 25 would be very slightly different 
from that published on April 18, say. To get a proper picture of the spread pattern, we have 
considered the case of COVID-19 spread outside China because as per the Worldometers.info 
data, in China the spread has almost come to a halt already. Such data may be underestimations 
of the real figures because there would anyway be unreported cases. However, to get an idea 
regarding the spread pattern, small aberrations are not quite relevant because by this time the 
total number of cases registered till any particular day is observably very large. 

Researchers have used data from Worldometers.info regarding COVOD-19 matters for 
mathematical modeling of the spread pattern (see for example [2]). In that article published on 15 
April, 2020, the data analyzed were those that were available till the end of March, 2020. Not 
much of data was available at that time so as to get a clear picture of the spread pattern. 

 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted May 30, 2020. ; https://doi.org/10.1101/2020.05.24.20112292doi: medRxiv preprint 

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical practice.

https://doi.org/10.1101/2020.05.24.20112292
http://creativecommons.org/licenses/by-nd/4.0/


2 

 

Kucharski et. al. [3] attempted to estimate the dynamics of transmission of the disease when it 
was in the very early stage in February, 2020. They used a geometric random walk process and 
went for Monte Carlo simulation for inferences. Regarding estimation of the spread pattern of 
the pandemic, Gondauri et. al. [4] concluded that it is difficult to predict about the spread as on 
March 30. The data that they have used were of the initial period of the outbreak. A clearly 
observable pattern had not emerged by that time. Wu et. al [5] studied the spread pattern of the 
outbreak during that initial period. They used a susceptible-exposed-infectious-recovered model 
to simulate the epidemic right when it was in the very initial stage in Wuhan City of China. 
Though not spread rates, Baud et. al. [6] and Wang et. al. [7] studied mortality rates caused by 
the virus.          

We have observed that the data of the initial period of the outbreak were not satisfactory enough 
for extrapolation because no specific pattern was reflected in the data at the initial stage. From 
the data on total number of COVID-19 positive cases till any particular day, we have further 
observed that constructing a mathematical model using a monotone increasing function of time is 
of no use, because the spread pattern is not monotonic. From January 22, 2020, onwards 
COVID-19 positive cases started to appear outside China. Within a week or so, it started to be 
nonlinear. By the end of the first week of March, it started to become very highly nonlinear. By 
around the third week of March, it started to become nearly exponential.  

In what follows, we are going to study the character of the spread pattern using classical 
mathematical procedures. We are not really going to fit a curve in the sense of mathematical 
modeling. Our objective is to show that currently the spread pattern is not a monotone function 
of time. We have found that the spread is nearly exponential with the pattern changing at almost 
regular intervals of seven days.  

Finally, we have attempted to forecast the total number of cases from April 27 to April 30. We 
have found that extrapolation using our procedure does return values that are quite close to the 
observed data during this period. 

METHODOLOGY 

We shall begin with the following simple explanation. Let y be the value of total number of 
COVID-19 cases on any given time t.  If y is a function of t following 

 � �  exp � � 	 
� �, �, 
 � 0, � � 0, 

where a and b are constants, then 

z �  ���
�

 � � � 	 
� 

is linear in t. For such a y following the exponential pattern, the rate of change of y is also 
exponential. Now as �� 	 
�� is a first degree expression, the first order differences ∆� of z 
would be constant for equidistant t. Therefore if we observe that the first order differences of 
observed values of z for equidistant values of t are very nearly constant, we can conclude that y is 
very nearly exponentially increasing.  

The COVID-19 data published by Worldometers.info in the form of graphs are based on 
cumulative daily data depicted in such a way that the numerical values can be found from the 
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graph directly. We have therefore made an attempt to see approximately from which date 
onwards the values of z started to become approximately linear in time. To do that we would 
need to look at the time series data downwards and this is where our approach is different and 
simpler than time series analysis. 

From the data it is evident that at the initial stage, the spread function was not exactly of the 
exponential type. However, even from day-1, January 22, 2020, the total number y of cases was 
nonlinear already, because ∆� was far from constant. In other words, it was nonlinear in nature 
right from the beginning. But it was not of the exponential type till the end of the third week of 
March. Nonlinearity increased thereafter and ultimately it is nearly exponential now.  

ANALYSIS 

We shall study the total number of COVID-19 positive cases outside China starting from April 
25 downwards. Total cases here refer to total cumulative count, and this figure includes deaths, 
active cases and discharged patients. We would like to reiterate that the data regarding the 
COVID-19 matters made available by Worldometers.info are regularly edited to make small 
changes in the data published a few days earlier, and therefore the readers may find some small 
amounts of changes in the total number of cases y shown in the tables below. However, the 
changes are too small in comparison to the largeness of the values of y.  

In the five tables below we shall depict the total number of cases from April 25 to March 21 
downwards. We shall explain with the help of the tables why we have mentioned that the spread 
function is not monotonic. From the tables, we can see that the values of z are very nearly linear, 
linearity being reflected by approximate constancy of the values of ∆�.   

Table-1: First Order Differences of z from April 19 to April 25   

Day Y Z ∆� 
April 25 2836588 14.85811 0.03250 

April 24 2745878 14.82561 0.03930 
April 23 2640059 14.78631 0.03355 
April 22 2552928 14.75275 0.03181 
April 21 2473002 14.72094 0.03090 
April 20 2397759 14.69004 0.03130 
April 19 2323875 14.65874 0.03326 

 

From Table-1, we can observe that z is almost linear meaning thereby that y during this period is 
of the exponential type with  

� � exp� 14.65874 	 0.03323 � �, 0 ! � ! 6. 

Here 0.03323 is average of the values of ∆�.  

Similarly, from Table-2, we can observe that z is almost linear and therefore y during this period 
is of the exponential type with  

� � exp� 14.38178 	 0.0407 � �, 0 ! � ! 6.  
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Table-2: First Order Differences of z from April 12 to April 18 

Day Y Z ∆� 
April 18 2247861 14.62548 0.03701 
April 17 2166173 14.58847 0.04059 
April 16 2080001 14.54787 0.04434 
April 15 1989773 14.50353 0.04284 
April 14 1906336 14.46069 0.03932 
April 13 1832839 14.42137 0.03959 
April 12 1761700 14.38178 0.04179 

 

We have mentioned earlier that the spread pattern is not a monotonically increasing function of 
time, and that trying to impose one monotone function for the entire available data is of no use. 
Indeed that is what has been reflected in Tables 1 and 2. It may be observed that the value of b in 
� �  exp � � 	 
� � is in a decreasing trend with respect to time, which can be seen in the Tables 
3, 4 and 5 also.   

Table-3: First Order Differences of z from April 5 to April 11 

Day Y Z ∆� 
April 11 1689580 14.33999 0.04883 
April 10 1609069 14.29116 0.06011 
April 9 1515184 14.23104 0.05817 
April 8 1429552 14.17287 0.06100 
April 7 1344955 14.11187 0.06368 
April 6 1261986 14.04819 0.05858 
April 5 1190175 13.98961 0.06376 

 

Table-4: First Order Differences of z from March 29 to April 4 

Day Y Z ∆� 
April 4 1116664 13.92585 0.07798 
April 3 1032895 13.84787 0.09778 
April 2 936678 13.75009 0.08959 
April 1 856411 13.66050 0.09447 

March 31 779207 13.56603 0.09968 
March 30 705286 13.46635 0.09177 
March 29 643440 13.37458 0.09882 
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Table-5: First Order Differences of z from March 21 to March 28 

Day Y Z ∆� 
March 28 582898 13.27576 0.12178 
March 27 516063 13.15398 0.13372 
March 26 451469 13.02026 0.14522 
March 25 390444 12.87504 0.13278 
March 24 341898 12.74226 0.13719 
March 23 298067 12.60507 0.14975 
March 22 256614 12.45532 0.13525 
March 21 224151 12.32007 0.14073 

 

From the tables, it may be observed that there are observable shifts in the values of ∆� the cut off 
dates being March 29, April 5, April 12 and April 19. From Table-3, we can observe that here 
too z is almost linear and therefore y during this period is nearly exponential with  

� � exp� 13.98961 	 0.05916 � �, 0 ! � ! 6. 

Table-4 also reflects a similar observation, and we get for that period of time 

� � exp� 13.37458 	 0.09287 � �, 0 ! � ! 6. 

Finally, from Table-5 we get 

� � exp� 12.32007 	 0.13705 � �, 0 ! � ! 7. 

It may be seen that in Table-5 the values of ∆z are not quite following even approximate 
constancy. Therefore, we would not like to say that the data in Table-5 are of an exponential 
type, but it is true that though not exponential, the spread data in this period are very highly 
nonlinear. From the data, it becomes obvious that the data were nonlinear right from the start, i.e. 
from January 22. The nonlinearity increased from around March 7 onwards, and by March 29 
(Table-4) it became nearly exponential.  

DISCUSSIONS  

Researchers the world over have been working on mathematical modeling of COVID-19 data. It 
is but natural that different procedures of data analysis would be applied in the search for a 
proper mathematical model. Using classical mathematics easily understandable, we have tried to 
give a simple answer as to how the spread of the virus is expected to continue. 

We have found that trying to fit a mathematical model defining the total number of COVID-19 
cases as a monotonically increasing function of time for the entire data would not be a 
meaningful exercise because the dependent variable has not followed a monotone pattern. We 
have found that after around March 21, 2020, the spread pattern started to become nearly 
exponential. After March 28, it actually became of the exponential type but the pattern kept on 
changing after every seven days. So we cannot even say that even after March 28 one particular 
exponential curve would describe the dependent variable. We have seen that in 
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� �  exp � � 	 
� �, �, 
 � 0,  

the coefficient b became equal to around  

i) 0.13705 from March 21 to March 28, 
ii) 0.09287 from March 29 to April 4, 
iii) 0.05916 from April 5 to April 11, 
iv) 0.04078 from April 12 to April 18, and 
v) 0.03181 from April 19 to April 25. 

In other words, the data are following approximately exponential patterns, and the patterns have 
been changing at almost regular intervals of seven days. Therefore trying to fit one single 
monotone function is of no use.   

We would like to mention at this point that extrapolation using our simple method returns nearly 
accurate results. In Table-6, we have shown the expected values of the total cases outside China 
from April 26 to April 30. For the purpose of comparison we have shown the observed values 
also. The observed values during this period are from the Worldometer.info data published on 
May 1.  

Table-6: Comparison of Forecasts and Observed Values 

Day T Observed Y Expected Y 
(Forecasts) 

April 26 1 2910465 2910455 
April 27 2 2977114 2986253 
April 28 3 3053669 3064025 
April 29  4 3135325 3143822 
April 30 5 3221358 3225698 

      

As expected, on April 26, the value of ∆� became 0.02571 which is observably different from 
what it was in April 25. Now, using the value of ∆� = 0.02571, we have extrapolated the 
expected values from April 26 to April 30. From Table-6, it can be seen that our forecasts are 
quite near the observed values of the total number of cases.  

We have observed that the values of ∆� are very slowly decreasing with time. Therefore for long 
term forecasting this method will give us a slightly overestimated value. For example in Table-6 
above we have seen that the observed values and the forecasts are not too highly different. These 
forecasts were however for a short period of a maximum of five days. However, if we want to 
forecast what would be the approximate value of the total number of cases on May 23 for 
example, using ∆� = 0.02571,  with April 25 as base, we would get a value that can be expected 
to be slightly more than the observed value on May 23.  

Further, if the countries which have been contributing in observably large numbers towards the 
total number of cases outside China start to have diminishing trend in the total number of cases 
from some point of time, then also the forecast would be higher than the observed value. It is 
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obvious that such a diminishing trend in any particular country is but expected. Therefore, if we 
use our model for long time forecasting, it would give a slightly overestimated value.  

On an assumption that the total number of cases would keep on increasing at this rate, by May 23 
the total number of COVID-19 cases outside China should be slightly less than 5.8 million. 
Indeed with April 25 as the base, for May 31 the value of t is 28. Using ∆� = 0.02571 which was 
used to calculate the expected value from April 26 to April 30, the expected value for May 23 is 
5,826,866. It may be noted that for forecasting we have used a monotonically increasing 
function, although we have found that the pattern has been changing in an almost regular interval 
of 7 days.  

It can be seen from the Worldometers.info data that the total number of cases outside China on 
May 23 is 5,314,979, as per their publication dated May 24. Our forecast with base as April 25 is 
5,826,866. As expected, it is an overestimation. However if we would have considered recent 
data, of the second week of May for example, our forecast would have been much nearer the 
actual value. Hence although not quite fit for long term forecasts, our method can be used for 
short term forecasting.       

One important point that we would like to point out is that the coefficient b is getting smaller and 
smaller with reference to time. It can be observed that while b has been decreasing, the parameter 
a has been consistently increasing. Therefore, even though b is getting smaller and smaller in 
time, the spread pattern is continuing to remain nearly exponential. The total number of cases on 
any given date may actually be more than what has been announced officially. Therefore an 
exact estimate of the pattern is not possible anyway.  

The Geographical area, outside China, is heterogeneous. Therefore the spread pattern has to be 
different from region to region. In the totality, regional heterogeneity therefore is inherent.  In 
India for example, as per the Worldometers.info data, COVID-19 cases were first detected on 
February 15, and this was the same day on which cases were first detected in the United States 
also. But as on April 25, the spread patterns in these two countries were very different. In our 
analysis, the total number of cases includes data from these two countries also which obviously 
are in two different stages of spread. Further, newer entries country-wise started to enter into the 
list at different times. So the cumulative total includes data from countries in different stages of 
spread. Still, we have found that there indeed is a nearly exponential type of spread pattern and 
that it is changing in about seven days or so. The way the spread is continuing the world over, it 
is clear the virus will continue to take its toll until medical science finally takes over.  

CONCLUSIONS 

The spread curve of COVID-19 outside China was nonlinear right from the start. Since March 
21, it is currently following nearly exponential patterns of growth with dependence on time 
changing at almost regular intervals of seven days. Unless the pandemic comes to a halt naturally 
or otherwise, the spread would grow enormously. Our simple method works quite well for short 
term forecasting.  
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