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Abstract 

Background: 

With multiple virus epicenters, COVID-19 has been declared a pandemic by the 

World Health Organization. Consequently, many countries have implemented 

different policies to manage this crisis, including curfew and lockdown. However, 

the efficacy of individual policies remains unclear with respect to COVID-19 case 

development.  

Methods:  

We analyzed available data on COVID-19 cases of eight majorly affected 

countries, including China, Italy, Iran, Germany, France, Spain, South Korea and 

Japan. Growth rates and doubling time of cases were calculated for the first six 

weeks after initial cases were declared for each respective country and put in 

context with implemented policies.  

Results:  

While the growth rate of total confirmed COVID-19 cases in China decreased, 

those for Japan remained constant. For European countries, the growth rate of 

COVID-19 cases considerably increased during the second time interval. 
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Interestingly, the rates for Germany, Spain and France are the highest measured 

in the second interval and even surpass the numbers in Italy. 

Conclusions: 

While the initial data in Asian countries are encouraging with respect to case 

development at the initial stage, the opposite is true for European countries. 

Based on our data, disease management in the two weeks following first reported 

cases is of utmost importance.  

1. Introduction  

The current COVID-19 outbreak with multiple global epicenters has attracted 

worldwide attention. Thus, with continuously rising numbers of confirmed cases, 

COVID-19 has been declared a pandemic on March 11th, 2020 by Tedros 

Ghebreyesus, the World Health Organization (WHO)’s Director-General [1]. 

Current knowledge on the biology and transmission of this virus remains limited 

[2,3] and COVID-19’s final mortality rates are subject to rough estimation. 

International flight traffic has been majorly affected and many countries report 

increased COVID-19 numbers. Significant global COVID-19 epicenters include 

Italy, France, Spain, Iran, South Korea, Japan, Germany and the initial place of 

outbreak, China. So far, different developments regarding growth rates and case 

numbers are observed for each respective country as they are passing the initial 

stages of the outbreak. While there are different approaches to attain COVID-19 

containment, the goal of reducing interactions between unidentified infected with 

non-infected individuals remains unchanged. 

In a recent study, Wilder-Smith et al. [4] describe these different concepts in 

detail, ranging from quarantine of confirmed and possibly infected individuals as 

implemented in Germany to declaration of lockdown in Italy, France and Spain 

with individual variations. We know from retrospective analysis that travel 

restrictions can positively impact case development, as observed in past SARS 

or Ebola outbreaks [5 - 7]. China’s approach in the COVID-19 outbreak exceeds 

the classic definition of local confinement, lockdown and isolation. With 
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increasing implementation of curfew and lockdown measures in Europe, grave 

concerns in the population are mounting that previous attempts in handling the 

COVID-19 spread have been insufficient [8,9]. 

The aim of this study is to evaluate and compare case development, growth rate 

and doubling time during the initial phase of COVID-19 exposure for each 

respective country.  

2. Materials & Methods  

Data Sources 

Confirmed Cases of COVID-19 

The total number of confirmed COVID-19 cases for Asia (China, South Korea and 

Japan), Europe (Italy, Germany, France and Spain), and Iran were obtained from 

the COVID-19 situation reports made publicly available by the WHO. The present 

study included data from January 20th, 2020 to March 13th, 2020 as reported by 

the WHO (see figure 1) [1]. 

Outcome measures and statistical analysis 

The first 6 weeks after initial reports of COVID-19 cases in Italy, France, Spain, 

Iran, South Korea, Japan, Germany and China were subject to analysis. This 

time span of 6 weeks was divided into two intervals: 1) a first three-week interval 

and 2) a second three-week interval. We chose an observation period of six 

weeks since most initial worldwide cases occurred within a six-week time span 

(figure 1).  

For these 2 intervals, we measured the doubling time (d) in days and the 

corresponding growth rate (g). An exponential growth curve with least squarer 

regression analysis was estimated for both 3-week time intervals for respective 

each country using the following model: 
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C(x) represents the calculated COVID-19 cases in total numbers at each time 

point x based on the current cases Ck and the doubling time d in days. The 

values for x range from 1- 21 days according to the length of each three-week 

interval. The approximated doubling time of cases is described by d for each time 

interval. The gowth curves were approximated for each interval (see figures 2 A 

and B). The corresponding growth rate for the same interval was approximated 

by: 

 

x and x0 describe the observed time interval and n the amount of days within the 

interval. Growth curves of total confirmed COVID-19 case numbers are 

graphically demonstrated including their individual 95 % confidence interval (CI) 

(see figure 3). 

3. Results 

Asia 

Growth rate of total confirmed COVID-19 cases during the first and second three-

week interval 

In Asia, the growth rate of total confirmed COVID-19 cases in China decreased 

substantially during the second time interval (0.025, 95% CI: 0.017 - 0.033) vs. 

the first-time interval (0.16, 95% CI: 0.14 - 0.18) (Figure 3). The opposite 

relationship was observed in South Korea. In comparison to the first three-week 

period (0.13, 95% CI: 0.11 - 0.15), the growth rate of COVID-19 cases increased 

remarkably during the second three-week period (0.25, 95% CI: 0.23 - 0.27) 

(figure 3). 
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In Japan, the growth rate was similar between the first (0.10, 95% CI: 0.078 - 

0.13) and second three-week interval (0.11, 95% CI: 0.099 - 0.11) (figure 3).  

Doubling time of total confirmed COVID-19 cases during the first and second 

three-week interval 

In China, the doubling time of total confirmed COVID-19 cases during the second 

three-week interval (27.66, 95% CI: 20.91 - 40.51) was markedly higher than in 

the first three-week interval (4.31, 95% CI: 3.89 - 4.79) (figure 4). In comparison 

to the first-time interval (5.51, 95% CI: 4.69 - 6.55), the growth rate of COVID-19 

cases in South Korea during the second time interval (2.78, 95% CI: 2.55 - 3.04) 

was considerably lower (Figure 4). The doubling time of COVID-19 cases in 

Japan was similar between the first (6.90, 95% CI: 5.53 - 8.85) and second time 

interval (6.54, 95% CI: 6.09 - 7.03) (figure 4).  

Europe and Iran 

Growth rate of total confirmed COVID-19 cases during the first and second three-

week interval 

For countries in Europe, growth rate of COVID-19 cases increased considerably 

in the second time interval (Italy: 0.20, 95% CI: 0.19 - 0.21;Germany: 0.32, 95% 

CI: 0.29 - 0.34; France: 0.32, 95% CI: 0.29 - 0.35; and Spain: 0.36, 95% CI: 0.34 

- 0.38) compared to the first time interval (Italy: 0.022, 95% CI: 0.014 - 0.031; 

Germany: 0.054, 95% CI: 0.040 - 0.070; France: 0.068, 95% CI: 0.054 - 0.082; 

and Spain: 0.042, 95% CI: 0.028 - 0.056) (Figure 3). In Iran, the growth rate for 

COVID-19 cases was the highest in comparison to other countries during the first 

three-week interval (0.20, 95% CI: 0.18 - 0.23) (figure 3). 

Doubling time of total confirmed COVID-19 cases during the first and second 

three-week interval 

In European countries, the doubling time decreased substantially during the 

second three-week interval (Italy: 3.40, 95% CI: 3.22 - 3.58; Germany: 2.19, 95% 

CI: 2.02 - 2.37; France: 2.17, 95% CI: 1.99 - 2.38; and Spain: 1.95, 95% CI: 1.85 
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- 2.06) compared the first three-week interval (Italy: 30.82, 95% CI: 22.41 - 48.87; 

Germany: 12.77, 95% CI: 9.96 - 17.38; France: 10.27, 95% CI: 8.46 - 12.84; and 

Spain: 16.60, 95% CI: 12.39 - 24.58) (figure 4). Similar to other countries, the 

doubling time of COVID-19 cases in Iran remained low during the first-time 

interval (3.42, 95% CI: 3.02 - 3.89) (figure 4). 

 

 

4. Discussion  

During the initial phase, the rise of COVID-19 cases differs significantly when 

comparing the analyzed epicenters. While especially European countries (Italy, 

Spain and Germany) initially detected very few cases in the first three-week 

interval of global COVID-19 spread, there is a sharp increase in case numbers 

during the second three-week interval. In contrast, Asian countries like Japan and 

South Korea detected higher case numbers during the first three-week interval, 

with a slight but remarkable decrease during the second three-week interval. This 

observation is further supported when analyzing the data of case growth and 

doubling time.  

However, the data for China and Iran is inconclusive. While according to our 

data, China seem to have reached a plateau phase, the reliability of the data 

remains uncertain since China has changed the diagnostic criteria multiple times 

within a short period of time. Similarly, the data for Iran is probably biased and 

incomplete for analysis [10]. Our data indicate that the European countries may 

not have been well prepared to contain COVID-19 case spread. Many of the 

current cases in Europe can be traced back to northern Italy and Iran, the two 

main COVID-19 epicenters outside of Eastern Asia. Like China, Iran displayed 

very low doubling times in the first three-week interval.  

This finding may be a strong indicator that detection of COVID-19 occurred at 

later stages with more large-scale virus spread. This underreporting and 

insufficient disease detection is a source of continuous concern [11]. The overall 
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international COVID-19 case development remains concerning and a significant 

trend of initial underreporting must be assumed. This is a negative development 

and indicates the possibility of further COVID-19 spread, especially since most 

countries still report very few initial cases. Since many counties are at different 

stages of the COVID-19 epidemic, the question arises as to how reinfection can 

be avoided once curfew and lockdown measures are lifted. Our data supports the 

effectiveness of current containment and testing efforts [12]. However, short time 

curfew might not be an alternative to long-term containment and testing 

measures. . The concept of wave patterns has been previously described for 

other pandemic outbreaks. These waves can be experienced for many months 

[13 - 15].  

Limitations of this study include the quality of provided case numbers, as they 

might be subject to bias and underreporting. It remains challenging to distinguish 

the effect of different measures due to a lack in testing kits, insufficient detection 

and varying containment policies.  

The extent of overall testing seems to correlate with the awareness for a serious 

health risk in the observed countries. Since official case numbers have increased 

with the onset of containment measures, one can assume that testing is itself part 

of the containment strategy [8, 16]. 

In fact, evaluation of individual strategies is not possible as only the totality of 

combined effects and policies of each country regarding quarantine, regional 

lockdowns, travel restriction, testing, and social distancing can be evaluated.  

This problem has already been recognized in the evaluation of single 

containment measures [12,17]. With respect to these considerations, this study 

focuses on the combination of all measures taken by a country to evaluate the 

quality of the initial response to this outbreak. 
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5. Conclusion  

Following the analysis of different European and Asian countries heavily affected 

by COVID-19, our data indicate significant differences in initial growth rates and 

doubling time. According to our data, European countries seem to have missed 

effective measures to contain COVID-19 at the beginning of the crisis compared 

to their counterparts in Asia. This is further substantiated by continuously, rapidly 

increasing COVID-19 case numbers in European countries, which call for more 

draconic containment measures.  
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Figure 1: Cumulative development of COVID-19 cases in China, South Korea, 

Japan, Italy, Germany, France, Spain and Iran according to WHO data. Data for 

the months of January, February and March and magnification of latest case 

developments outside of China 
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Figure 2: Cumulative development of COVID-19 cases in China, South Korea, 

Japan, Italy, Germany, France and Spain within the first and second three-week 

interval. Projections of the calculated exponential growth within both intervals for 

each respective country  
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Figure 3: Growth rates for China, South Korea, Japan, Italy, Germany, France, 

Spain and Iran at each time interval (95% CI). 

 
  



 

This article is protected by copyright. All rights reserved. 

A
cc

ep
te

d 
A

rt
ic

le
 

Figure 4: Doubling time of COVID-19 cases for China, South Korea, Japan, Italy, 

Germany, France, Spain and Iran at each time interval (95% CI) 

 




