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Methods 

In Europe, the first confirmed cases of severe acute respiratory syndrome coronavirus 2 

(SARS-COV-2) was reported in France on January 25, 2020 (1). Subsequently, outbreaks 

were emerged across different European countries in February and eventually became an 

epicenter in March (2). European countries were under lockdown one after another, with 

implementing strict social distance measures and extensive screening to contain the 

outbreak. When the case growth curve gradually flattened, the restriction measures were 

successively weakened in particular during the summer (3). This has triggered the 

concern of a possible second wave. Indeed, the incidence of new cases has suddenly risen 

sharply since the end of July in Spain, France, Belgium and Netherlands, and the number 

of new infections in Europe is escalating (4).  

Epidemiological dynamic model ： Predictive mathematical compartment models are 

widely used to understand the epidemic features and to evaluate effective strategies for 

control measures (5). Advanced models with more complex epidemiological 

compartments have been proven to accurately portray the dynamic spread of COVID-19 

(6-10). High viral loads of SARS-CoV-2 were found in patients showing no/mild symptoms 

(6). Hence, asymptomatic carries may play a major role in transmission but 

underestimated (7). Importantly, most of the undetected but infected individuals are 

asymptomatic and are not quarantined, largely sustaining the outbreak (8). 

Our model, named SPMILHRD, discriminates different severities of the disease and the 

status of detection. The total population is partitioned into eight epidemiological 

compartments (Fig. 1). The time-varying transmission rates in different countries were 

estimated by the time-varying reproduction number based on reported data (11), and 

other parameters were defined by previous literatures (8, 12). The initial values of 

detected cases were referred to the confirmed cases reported in World Health 

Organization (WHO) website. The initial values of the hospitalized, the recovered, the 

dead were zero.  

The dynamical system describes the evolution of the subpopulations overtime: 
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Time-varying reproduction number: t
R  represents the time-varying number of secondary 

cases generated by per infected individual. t
R  infers the interventions and human-to-

human transmission changes comparing with the basic reproduction number 0
R (13). The 

dividing line between sustaining transmission and epidemic decline is =1
t

R . Here, near-

real-time t
R  estimation was implemented in R package EpiEstim (14) where the mean 

serial interval was assumed as 4.60 days and standard deviation as 5.55 (9, 13). This 

method has been well-suited in various COVID-19 studies (10, 15). 

Scope, timeframe and data sources: We investigated the COVID-19 epidemiology of Spain, 

France and Netherlands using the reported data (11). The timeframe of t
R  estimation and 

epidemic recapitulation started from February 20 and ended on November 30, 2020. The 

time window of COVID-19 spread prediction is three months. The key parameters, such 

as recovery rate, hospital admission rate, mortality rate, were assumed to be similar in 

the three countries including Spain, France and Netherlands. 
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