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ExponenƟal Growth 

The objecƟve of this case study is to invesƟgate how cumulaƟve confirmed COVID-19 cases 
increase over Ɵme during the early outbreak phase and to quanƟfy that relaƟonship using 
nonlinear curve fiƫng in Isalos AnalyƟcs Plaƞorm. In this case study, the ExponenƟal growth 
model is used to esƟmate the iniƟal number of cases and the growth rate of the outbreak 
using a standard exponenƟal growth framework. 

The dataset used in this case study is derived from the Johns Hopkins CSSE COVID-19 
repository, which contains cumulaƟve confirmed case counts reported by date for countries 
and regions worldwide. For this model, the dataset was arranged so that the independent 
variable (X) is the number of days since the first selected observaƟon and the dependent 
variable (Y) is the cumulaƟve number of confirmed cases. 

The ExponenƟal growth model describes a nonlinear relaƟonship in which the response 
increases proporƟonally to its current value over Ɵme. The equaƟon used in this analysis is: 

Y = Y0⋅exp(k⋅X) 

In this model, Y0 represents the Y value when X is zero, meaning the starƟng number of 
cumulaƟve cases at the beginning of the fiƩed interval, and k represents the exponenƟal 
growth rate constant expressed in reciprocal X units. If X is measured in days, then k is 
expressed in inverse days. 

The purpose of this analysis is to determine whether the observed outbreak data during the 
selected early phase are consistent with an exponenƟal growth paƩern and to convert the 
reported cumulaƟve case counts into meaningful quanƟtaƟve outputs. The main results 
obtained from the fit are Y0 and k, where Y0 reflects the esƟmated starƟng case count and k 
reflects the outbreak growth rate. These results are useful because they allow quanƟtaƟve 
characterizaƟon of early epidemic expansion and support interpretaƟon of how rapidly 
confirmed cases increased during the selected interval. 

Isalos version used: 2.0.2  

ScienƟfic ArƟcle: hƩps://www.thelancet.com/journals/laninf/arƟcle/PIIS1473-
3099(22)00434-0/fulltext 
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Step 1: Import data from file 
Right-click on the input spreadsheet panel on the leŌ and choose “Import from File”. Then 
browse to the file containing the XY dataset for this case study and load the sheet in which 
each row corresponds to one day value and one cumulaƟve confirmed-case value. 

 

 

 

 

 

 

 

 

 

*(Before imporƟng into Isalos, convert the date column into a numeric Ɵme column so that the first selected date becomes 
Day 0, the next date becomes Day 1, and so on. This is necessary because the ExponenƟal growth model requires a numeric 
X variable represenƟng Ɵme.) 

 

The data will appear on the leŌ spreadsheet. 
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Step 2: Select the desired staƟsƟcal analysis model 
From the toolbar, open the StaƟsƟcs drop-down list and navigate through: StaƟsƟcs > Curve 
Fiƫng > Non Linear EquaƟons. 

 

In the category list, select the appropriate category containing growth equaƟons and then 
choose the ExponenƟal growth model from the model menu. 
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Step 3: Configure variables and confidence intervals 

Set the column containing the day values as the independent variable (X), and set the column 
containing the cumulaƟve confirmed-case values as the dependent variable (Y). Set the 
confidence level to 95% and choose Symmetrical Approximate as the confidence interval type. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Step 4: Analyze the output and fiƩed curve 
Once the analysis is completed, Isalos presents the fiƩed exponenƟal curve together with the 
experimental data points, allowing direct visual assessment of how well the model captures 
the rise in cumulaƟve confirmed cases over Ɵme. In this study, the graph shows an upward-
curving paƩern characterisƟc of exponenƟal increase during the selected early outbreak 
interval. 

The results page presents the esƟmated model parameters with their confidence limits, 
together with goodness-of-fit staƟsƟcs and the corresponding fiƩed plot. In the ExponenƟal 
growth model, the main fiƩed parameters are Y0 and k, and these values collecƟvely 
determine the starƟng level and the steepness of the fiƩed growth curve. 

The Goodness of Fit secƟon of the table summarizes key fiƫng staƟsƟcs such as the number 
of data points used, degrees of freedom, residual sum of squares, and the standard error of 
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the regression. These outputs should be interpreted together with the fiƩed plot in order to 
evaluate how well the model describes the data and how reliable the esƟmated parameters 
are. 

 

The fiƩed results indicate that the cumulaƟve COVID-19 case data are well described by an 
ExponenƟal growth model, showing that the increase in confirmed cases over the selected 
early outbreak interval follows a conƟnuously acceleraƟng nonlinear paƩern rather than a 
linear trend. The esƟmated 𝒀𝟎 of 303.268 represents the model-esƟmated number of 
cumulaƟve confirmed cases at the starƟng point of the fiƩed interval, while the esƟmated 𝑲 
of 0.2099 per day represents the exponenƟal growth rate constant that governs how rapidly 
the cases increase over Ɵme. Based on this growth rate, the implied doubling Ɵme is 
approximately 3.30 days, indicaƟng a rapid expansion of cases during the analyzed period. 

The confidence intervals for both fiƩed parameters are relaƟvely narrow and do not indicate 
excessive uncertainty, which supports the stability and reliability of the fiƩed model. The 
confidence interval for 𝒀𝟎 ranges from 242.947 to 363.590, showing that the esƟmated 
starƟng level is reasonably well constrained, while the confidence interval for 𝑲 ranges from 
0.19688 to 0.22293 per day, indicaƟng a precise esƟmate of the outbreak growth rate over 
the fiƩed interval. 

Together with the high 𝑹𝟐 value of 0.99367 and the fiƫng staƟsƟcs obtained from the data 
points, the results indicate that the ExponenƟal growth model provides a good descripƟon of 
the selected early-phase outbreak data. The residual error values, show that some deviaƟon 
from the fiƩed curve remains, but overall the agreement between the observed data points 
and the fiƩed exponenƟal trend is strong, supporƟng the use of this model for characterizing 
the early epidemic growth paƩern in this study. 
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