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Abstract

Epidemic curve is plot of number of patients (P), number of deaths (D) and D/P in the vertical axis along time in the horizontal 
axis. Though variable from one country to another, epidemic curves of nearby countries were similar and synchronized. 
Synchronization was brought about not by transboundary movement but by synchronized evolution of the epidemic in 
respective countries.
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Introduction

Susceptibility to SARS-CoV-2 infection was influenced 
by genetic factors, such as, Neanderthal trait [1], alpha-1 
antitrypsin (AAT) deficiency, and other traits [2-5]. The 
number of patients or deaths per population was ~10-fold 
higher for countries in American and European regions than 
for countries in other regions, which was attributable to high 
prevalence of alpha-1 antitrypsin (AAT) deficiency among 
Caucasian [6-7]. Case-fatality rate was, however, ~0.01 across 
regions [8]. Number of patients or deaths due to SARS-CoV-2 
infection was correlated with the population size within a 
region but not across regions [8]. As the regionality could 
have been brought about by different progression of the 
epidemic among regions, the number of patients (P), that 
of deaths (D), and that of patients divided by that of deaths 
(D/P) were followed region by region.

Data Source

Morbidity and mortality data were derived from 
Coronavirus disease (COVID-19) Weekly Epidemiological 
Update (https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/situation-reports).

Epidemic Curves of COVID-19 in Different 
Regions

Epidemic curve is plot of number of patients (P), number 

of deaths (D) and number of deaths divided by number of 
patients (D/P) in the vertical axis along time in the horizontal 
axis. Figs 1-4 show epidemic curves of COVID-19 for countries 
in different regions starting from the fourth week of January 
2020 till the fourth week of January 2022. Peaks of waves are 
indicated by downward arrows. It was found:
•	 In Asia (Figure 1), epidemic curve was similar for China, 

Republic of Korea and Japan (panels A-C), for Vietnam, 
Cambodia and Thailand (panels D-F), and for Australia 
and New Zealand (panels G-H). Philippines’ epidemic 
curve (panel I) resembled Bangladesh’s (plots not shown). 

•	 In Western Europe (Figure 2), epidemic curves of 
Germany, Italy, France, United Kingdom, Denmark and 
Norway Figure 2 (panels A-F) were similar with an 
initial large wave followed by smaller waves. In Eastern 
Europe, epidemic curves were rather flat for Belarus 
and Russian Federation (panels H-I), while for Ukraine 
(panel G) it was initially flat but became wavy like in 
Western Europe. 

•	 In North America (Figure 3, panels A -C), epidemic 
curves of United States of America (USA) and Canada 
were similar with a large initial wave followed by small 
waves; similar trend was observed for Jamaica (panel C) 
and Haiti (plots not shown). In Latin America (panels 
D-F), such as, for Mexico, Brazil and Argentina, the 
epidemic curve was rather flat.

•	 In Middle East (Figure 4, panels A-C), epidemic curves of 
Iraq, Saudi Arabia and United Arab Emirates (UAE) were 
similar. In Africa (Figure 4, panels E-Q), epidemic curves 
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of Nigeria, Mozambique, Cameroon, Kenya, Ethiopia, 
South Africa, Cote d’Ivoire and Algeria were similar. 
Epidemic curve of Iran (panel D) resembled those of 
Nigeria, Mozambique and Ethiopia (panels E, F and L).

The above analysis showed that epidemic curves were 
similar among nearby countries within regions but not 
across regions. It explains why the number of the patients or 
the deaths due to SARS-CoV-2 infection was not correlated 
with the population size across regions [8].

Figures 1-4: Epidemic curves of SARS-CoV-2 for Asian countries. Horizontal axis: weeks starting from 21 January 2020. 
Vertical axis: logarithm of the number of the patients P (○), that of the deaths D (●) and that of D/P (□). Peaks of waves of the 
patients are marked by downward arrows.

Figure 2: Epidemic curves of SARS-CoV-2 for European countries. See explanation of Fig. 1 for other information.
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Figure 3: Epidemic curves of SARS-CoV-2 for American countries. See explanation of Fig. 1 for other information

Figure 4: Epidemic curves of SARS-CoV-2 for East Mediterranean and African countries. See explanation of Fig. 1 for other 
information.
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Shape of Epidemic Curves

Epidemic curves undulated with succession of ⋂-shaped 
waves, which are represented by an equation y=kN2x(1-x), 
where y is new infection, x fraction of population already 
infected, 1-x fraction of the population yet to be infected, 
N population size and k constant [9]. This model predicts: 
where population is small and crowded or when virus 
spreads quickly, epidemic curve becomes narrow; where 
population is large or sparse or when virus spreads slowly, 
the epidemic curve becomes broad. Actually, in crowded 
Western European countries, epidemic curves were narrow 
and high (Figure 2 A-F), while in less crowded Eastern 
European countries epidemic curve was flat and wide 
(Figure 2 G-I). 

In China, Japan and Rep Korea (panels A-C in Figure 
1), Germany, Italy and other Western European countries 
(panels A-F in Figure 2), USA and Canada in North America 
(panels A-B in Figure 3), D/P became lower wave by wave 
suggesting emergence of attenuated variants.

Why are Epidemics of nearby Countries 
Synchronized?

Synchronization of the epidemics can be brought 
about by frequent cross-border importation exportation. 
To examine this possibility, the early phase of the epidemic 
was followed starting from 21 January 2020. As shown 

in Figure 5, SARS-CoV-2 cases were sporadic for ~30 days 
for Republic of Korea and Japan (panel A), and for ~40 
days for USA, Canada (panel B), Spain, Italy, Germany and 
France (panel C). After this incubation period, number 
of the patients increased continuously. As the sporadic 
cases reported during the incubation period were related 
to importation, it was suggested that importation played 
little role in synchronization of the epidemics. How could 
epidemics in two nearby countries be synchronized? Here, 
it is important to note that SARS-CoV-2 consists of quasi-
species, e.g., median 38 minority variants per sample [10]. 
In an epidemic wave, dominant variant(s) will be eliminated 
by host immune response leaving minor variants. From the 
minor variants, a mutant that becomes dominant in the next 
epidemic wave will emerge. Actually start of a new wave 
coincided with emergence of new clades of SARS-CoV-2 
(GISAID-NextStrain provided by GISAID-Initiative). Thus, 
the present epidemic wave is influenced by the previous 
epidemic and the next wave by the present epidemic. It is 
reminiscent of Kuramoto model, a mathematical model used 
to describe synchronization [11]. In two nearby countries 
where epidemic started simultaneously, similar quasi-
species should have initiated the epidemic, and as the two 
countries shared similar ethnic, geo-demographic, and other 
conditions, impact of the receiving environment on the 
epidemic should have been similar. Such situation must have 
resulted in synchronization of the epidemic among nearby 
countries.

Figure 5: Daily number of SARS-CoV-2 patients for China, Rep Korea and Japan (panel A), USA and Canada (panel B) and Spain, 
Italy, Germany and France (panel C). Horizontal axis: days starting from 21 January 2020, when total 278 patients had been 
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reported in China. Vertical axis: number of patients per day.
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