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RESUME
Le nombre quotidien d'hospitalisations dues au COVID-19 augmente rapidement dans toutes les régions
de France. Ce rapport analyse la croissance exponentielle des hospitalisations au cours du temps et par
région, et fournit le temps de doublement correspondant. Le temps de doublement représente un
indicateur utile pour comprendre de façon pratique la vitesse de l'épidémie. En utilisant la régression
polynomiale locale, le temps de doublement estimé est capable de capturer les changements rapides de la
tendance de l'épidémie au fil du temps. Les résultats montrent que l'épidémie a ralenti dans toutes les
régions en septembre. En octobre, une forte accélération est observée et le temps de doublement est
passé en dessous de 2 semaines pour la large majorité des régions.
SUMMARY
The daily number of hospital admissions due to COVID-19 is rapidly increasing in all regions of France.
This report provides estimates of the exponential growth of hospitalizations over time and by region, and
determines the corresponding doubling time. The doubling time represents a useful indicator to
practically evaluate the speed of the epidemic. By using local polynomial regression, the estimated
doubling time is able to capture rapid changes in the tendency of the epidemic over time. Results show
that the epidemic was slowing down in all regions in September. In October, a sharp acceleration is
observed, with the doubling time dropping below 2 weeks in the large majority of regions.
INTRODUCTION
COVID-19 pandemic has rapidly accelerated in the month of October, forcing French authorities to
implement a national lockdown starting October 30, 2020. This short report presents an analysis of the
doubling time of the number of daily hospitalizations due to COVID-19, to evaluate the tendency of
growth of the epidemic by region and its change over time. We use the doubling time as an additional
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indicator, next to the Reff, as it translates in more practical terms the time window needed to observe the
number of hospitalization double. We introduce an approach based on a local polynomial regression to
locally estimate the exponential growth and account for the rapid changes in tendency that have been
observed in the last months.
METHODS
Data. We use the number of daily hospital admissions due to COVID-19, recorded from September 1 to
November 4, 2020. Data referring to the last week are adjusted to account for delays in notification.
Doubling time. The doubling time Td(t) on day t is defined as log(2)/r(t), where r(t) is the exponential
growth of hospital admissions on day t. The exponential growth r(t) is estimated through local polynomial
regression. We fit a regression function to the logarithm of the observed data using local polynomials of
degree 1, and take its first derivative to obtain r(t). We use a Gaussian kernel with a bandwidth equal to 7
days. We obtain 500 collections of data points by bootstrapping from the residuals of the regression fit,
apply local polynomial regression to each collection, and compute median and 95% confidence intervals
of the estimate. The method is visually explained in Figure 1.

Figure 1. Illustration of the Td estimation method. On the left y-axis, in log scale: data points indicate daily hospital admissions recorded in
the region (data for Île-de-France are shown as an example). The green curve is the median of the regression function obtained by fitting
local polynomials of degree 1 to the logarithm of the data. On the right y-axis: the red curve represents the doubling time, which is computed
as log(2) divided by the first derivative of the regression function. The shaded areas correspond to 95% confidence intervals
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RESULTS

Figure 2. Doubling time of COVID-19 hospitalizations for all regions in metropolitan France starting September 1st. Each curve corresponds
to the median estimate of doubling time of each region. When the tendency reported by hospitalization data slows down reaching a plateau,
Td increases to high values. The dashed horizontal line corresponds to the value of 2 weeks.
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Figure 3. Doubling time of COVID-19 hospitalizations for each region in metropolitan France starting September 1st. The red curve is the
median doubling time estimated for the region. The shaded area represents 95% confidence intervals. When the tendency reported by
hospitalization data slows down reaching a plateau, Td increases to high values. The grey areas indicate periods where the 95% CI of the
growth rate included negative values, i.e. the number of daily admissions was decreasing over time. The dashed horizontal line corresponds to
the value of 2 weeks.

Figure 2 shows the estimated doubling time Td over time, for each region in metropolitan France. The
acceleration of the epidemic in the last few weeks is clearly shown by the overall reduction of the
doubling time in all regions. Td reaches again the values estimated for the beginning of September, before
the slowing down of the second half of the month of September was experienced. Starting mid-October,
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the doubling time is estimated to be below two weeks in all regions except Provence-Alpes-Côte d'Azur
(median Td=16 days on November 4), Occitanie (17 days), Corsica and Hauts-de-France (19 days), Île-deFrance (27 days).
Figure 3 reports the estimated doubling time over time in each region. Table 1 provides the doubling time
estimated on the last datapoint available (November 4, 2020).
Table 1. Estimated doubling time as of November 4, 2020.

Region

Doubling time, median [95% CI]

IDF
CVL
BFC
NOR
HDF
GRE
PDL
BRE
NAQ
OCC
ARA
PACA
COR

27 [15, 162] days
14 [9, 34] days
13 [8, 38] days
14 [8, 45] days
19 [11,92] days
10 [7, 17] days
14 [9, 32] days
14 [8, 73] days
12 [8, 32] days
17 [11, 43] days
13 [10, 26] days
16 [11, 29] days
19 [8,--] days

CONCLUSIONS
Estimating the doubling time over time in each region (or geographic area of interest) provides a useful
additional indicator to characterize the evolution of the epidemic over time. The method presented here
based on a local polynomial regression allows us to capture the rapid changes of the exponential growth.
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