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ABSTRACT

BACKGROUND: COVID-19 has shocked the world and fully alerted
scientific community against means to tackle the pandemic. The cur-
rent work tries to assess the impact of COVID-19 in three European
countries and evaluate the outcome using Gombertz function meth-
ods. METHODS: Daily mortality data were collected and analyzed
from European Centre for Disease Prevention and Control for Greece,
France, and Italy. RESULTS: The results show a good fit between
the observed data and those obtained by the Gompertz function
methods for the three countries. Using standardization methods for
population incidence parameters for comparison, Greece, France,
and Italy show substantial differences among disease dynamics
regarding incidence and mortality rates as well as disease doubling
times. CONCLUSIONS: The availability of daily epidemiological data
about confirmed cases gives opportunities for research contribu-
tions through mathematical models, such as Gombertz, regarding
comparison and analysis of COVID-19 dynamics and future trends
among regions and countries.
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INTRODUCTION

The pandemic due to SARS-CoV-2 (severe acute respiratory syndrome
coronavirus-2)and the corona virus disease 2019 (COVID-19)is associated -as
this manuscript is prepared- with more than 580.000 deaths globally since its
appearance and has shocked the world due to the extreme measures taken
worldwide to contain it. Initiated from China and the province of Wuhan in
late 2019 it spread worldwide with high morbidity and mortality impact,
especially in European countries and USA and currently in South America.
The WHO, on 31 January, declared the COVID-19 outbreak a public health
emergency of international concern (PHEIC)'. The outcome of the still on-
going pandemic is not clear with more than 10 million people diagnosed



in 196 countries, possible reflecting only a fraction of
the true number of infections due to differences in test-
ing policy among countries?. Regarding Greece, the first
confirmed case recorded at 28 February 2020 and sub-
sequent cases reported in late February and early March.
The first death recorded in 12 March and till today 3376
confirmed cases have been recorded with 191 deaths.
This resulted in precautionary recommendations that
escalated in restrictive lockdown measures on 23 March
till 5 of May leading in a remarkable restriction in epidemic
morbidity and mortality. However, that was not the case
for other European countries, with the characteristic cost
in human lives for Italy with more than 240.000 cases
resulted | nearly 35.000 deaths, or France with 163.000
confirmed cases and approximately 30.000 deaths. The
high incidence rates for Italy lead in total lockdown on 8
March whereas for France it was announced on March 16.
Apart of the quarantine and hygiene measures tak-
en worldwide to contain the spreading of the disease,
SARS-CoV2 awakened the scientific community in all
medical associated scientific fields, in academia, industry,
regulatory and hospital clinics. Efforts for development
of successful tests, effective therapies, vaccine and sup-
porting technologies are under progress and several
clinical trials registered in WHO are ongoing till today?.
The continuing research is aiming to provide means for
treatment in the current cases but also to prevent recur-
rence of future disease waves worldwide. In this respect,
a key point is the exploitation of epidemiological data
regarding frequency measures that analyze the current
dynamics of the pandemic, but mostimportantly, predict
future scenarios. The availability of daily data regarding
COVID-19 provide means for epidemiological scientists
to create analyze and evaluate several scenarios.
Modelling epidemic is a widely accepted method to
study its features and to evaluate reasonable epidemio-
logical factors during the infectious disease outbreaks*.
Important epidemiological parameters, during an outbreak
like COVID-19 pandemic, include the final epidemic size,
the duration and, some crucial time dimensions such
as the turning time point and doubling time>. Several
methods have been used to describe crucial dynamic
dimensions of a pandemic. The Gompertz model was
described by Gompertz in 1825 and was used to study
the populations’growth. The development of an epidemic
infectious diseases has similar characteristics to those of
the growth of certain biological systems and populations.
In this short report, population morbidity/mortality inci-
dence parameters are presented for the three countries,
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(Greece, France, and Italy) and furthermore the Gompertz
sigmoidal function is employed to analyze and compare
the dynamic properties of the COVID-19 pandemic.

MATERIALS AND METHODS

Epidemiological data regarding the latest available
public data on COVID-19 were retrieved from the Euro-
pean Centre for Disease Prevention and Control (ECDPC)
regarding Greece, Italy and France®. The epidemiological
data covered a period from February till June 10,2020.
Data analysis was implemented through statistical soft-
ware package Stata 14 (StataCorp. 2019. Stata Statistical
Software: Release 14. College Station, TX: StataCorp LP).
The study used time series analysis and direct standard-
ization methods for comparison of mortality incidence
parameters. The estimation of the doubling time of the
disease [doubling time refers to the length of time (days)
required for the cumulative confirmed COVID-19 cases to
double in size] was explored at three distinct time points:
i) the beginning of the outbreak after the day in which
cases reached 2 per 10° population for each country;
ii) the week immediately prior the turning point of the
epidemic curve and iii) the week 10 days after this. The
Gompertz curve function was used to model the dynamics
of the epidemic of the three countries. Generated fitted
values were used to predict final epidemic size regarding
the total mortality and confirmed cases. Moreover, using
the first derivative of cumulative model we estimate the
fitted values of the deaths and conformed cases per day
to assess the time-dynamics of the outbreak such as the
duration and the time turning-point.

RESULTS

Cumulative mortality incidence (per 10° population)
among several European countries are shown in Figure
1. It is evident that European countries showed differ-
ent trends that can be stratified in three groups of “low”,
“medium” and “high” cumulative incidence of mortality
per 10° of population, with Belgium demonstrating thus
far the poorest outcome and the highest incidence of
mortality (84 deaths per 10° population).Greece demon-
strate a “low” value (1.67 per 10° population)while Italy
had a“high” mortality rate (58 per 10° population)and
France grouped in“medium”mortality group (43 per 10°
population) respectively.

Figures 2 (top panel) displays the cumulative number
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FIGURE 1. Cumulative incidence of mortality among several European countries till June 2020.
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FIGURE 2. Cumulative and daily incidence of cases (per 10° population) between Greece, Italy and France (observed and modeled).

of observed infected persons against elapsed time (in day)
as well as the daily cases (lower panel)to their fitted values,
by country. An exceptionally good fit between observed
and modelled data is noticed with r% 0.995 for Greece, r:
0.9914 for France and r%: 0.9984 for Italy. The residuals of
the fit were low and random(data not shown). Overall,

the cumulative number of diagnosed positive cases is
particularly large among the population of France and
Italy and exceptionally low for Greece. From Figure 2, it is
also revealed that the cumulative is flatting,after 84, 96 and
124 days for Greece, Italy, and France, respectively, which is
suggesting for these countries that currently epidemic s in



retreat. The modeled daily variation of the confirmed cases
calculated as the first derivative of the Gompertz curve
(which also showed good fit with the actual cases for all
3 countries, Figure 2, lower panel). The daily distribution
of the confirmed cases demonstrates a positively skewed
bell-shaped curve common for COVID-19 epidemic. How-
ever, it is clear that daily distribution of confirmed cases
in Greece is flattened and scaled between 0-160 while
this not the case for both Italy and France in which the
daily number of diagnosed cases scaled between 0-7000.
The doubling time of mortality during the months of
lockdown is represented for all three countries in Figure
3. Disease doubling time for Greece at the initiation of
the epidemic is predicted approximately in 3.6 days
while for Italy and France is 2.2 and 2.3 days respectively
(Figure 3). As the epidemic progressed, the week just
before the turning time-point, doubling time took longer
for the cumulative incidence in all 3 countries, 8.9 days
for Greece, 6.6 for Italy, and 5.6 days for France. Finally,
a significant increase in the doubling time of mortality
was observed during the de-escalated period of the
epidemic curve, 59.8, 22.1 and 25.7 for Greece, Italy, and
France, respectively. It is evident that for all three cases
till March the doubling time remained low whereas in
April had tripled and increased tenfold in the last month,
indicating a sharp slowdown in the epidemic and a sharp
drop in its dynamic which is now in its final slowdown as
it is also estimated from the modeled curves (Figure 3).
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FIGURE 3. Disease doubling time in three different time points.

The corresponding Gompertz curve and the data of
total deaths (cumulative mortality) are shown in Figure
4 (top panel) for all 3 countries. Significant differences
in the trend of the case fatality rates (CFR) till June 6 are
calculated, and were approximately 5.9% for Greece, for
Italy around 14.4%, and for France at 18.8%. A decline
in the death rate is observed for Greece after the first
week of April while for the Italy and France the decline
delayed one week more beginning after April 8" and 15%
respectively. Figure 4 also shows the daily deaths observed
and modeled. A steady increased rate is observed with
a characteristic peak at April 3 for France and April 5 for
Greece whereas for Italy it is observed around April 10.
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FIGURE 4. Cumulative and daily incidence of deaths between Greece, Italy, and France (observed and modeled).
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DISCUSSION

Epidemiological and mathematical models are utilized
today to describe and forecast progress of COVID-19
epidemic that could assist in decision making policies to
contain the spreading of the disease’®. The implementation
of Gombertz, or other logistic models have well-describe
the epidemic progress, forecasting that COVID-19 will be
in decay, in the countries that was first initiated® as a result
of the impact of containment and quarantine measures
in the epidemic spread of COVID-19'%"". Moreover based
on the confirmed cases and considering that healthcare
policies for containment will stay put, Gombertz and
logistic models can be utilized to predict the overall
impact of the epidemic during its progression. Utiliz-
ing available scientific data from ECDPC, this work tried
using Gombertz function to describe the differences
observed in Greece, Italy, and France. While, for Italy and
France, prior studies tried to assess epidemic data such as
infection, recovery, and mortality rates'®, for Greece thus
far the implementation of epidemiological models such
as Gompertz function methods, to our best knowledge,
has not been reported. The precise measurement of the
above outbreak parameters helps to understand not only
the temporal pattern but also to estimate crucial dynamic
features of an outbreak. Moreover, the instantaneous
prediction of the epidemic size and growth is important
factors especially if it achieved early. This information
during an ongoing epidemic -such as COVID-19- could be
extremely valuable for prevention and epidemic control™.
Overall, in this work the utilization of Gombertz curve
function allowed to model the dynamics of COVID-19

in the three countries and describe the differences that
were observed regarding the incidence and mortality
rates that places them in three different categories of
"low", "medium", and "high" impact regarding COVID-19
epidemic crisis.

Countries in Europe are lifting restrictive measures
in an effort, to return to normalcy thus it is important to
assess the dynamics of the COVID-19 pandemic. Under
current conditions, analysis of data thus far propose that
pandemic wave is near its end. This does not presuppose
that its evolution cannot be different from the changes that
take place in relation to the end of quarantine measures.
Since Europe became the focus of the pandemic wave,
generally it followed the time sequence and duration that
was initially experienced in China. Regarding its intensity,
Greece showed a lower incidence rate compared to other
European countries such as Italy or France which suffered
from high the attack rates resulted in high mortality and
morbidity. This can be attributed to several factors such as
lockdown and quarantine actions timely taken and com-
plied from citizens, environmental factors geographical
conditions that favor isolation or regional distancing (e.g.
islands in Greece vs continental regions in other countries)
and other factors all of which will be under investigation
in the upcoming years from the scientific community.
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NMEPINHWH

Eménpia COVID-19: ZUyKpion TPIWV EVPWTITATKWV XWPWV HE Sta@opeTiKda
amoTeEAéopATA XPNCIHOTOIWVTAG Th cuvdptnon Gombertz

Mdplog Zmavdakng'3, MixdAns ZouumouAdkng?, ABnvd E. MateAdpou?,
Eupudikn MateAdpou3, NikoAaocg TCavaknc?

13Epyaotrplo YmoAoyIoTIKAG Blo-latpikng, Ivotitouto MAnpo@optkig, 16pupa Texvohoyiag
kal Epeuvac (ITE), HpdkAelo, Kpritn, 206ovTtiatpik KAwvikn, Mevikd Noookopeio Ayiou NikoAdou,
Kpntn, *Tunpa NoonAeuTikAg, ZxoA Emotnuwv Yyeiag, EN\nviko Meooyelako MavemoTtriuio,
HpdaxkAelo, Kpritn, *Mvevpovoloyikn KAvikn, Mavemotnuiako Noookopegio HpakAgiov, latpikr ZxoAn,
Mavemotnuio Kpntng HpdkAeio, Kpntn

MAaioto: O COVID-19 éxel oUyKAOVIOEI TOV KOOUO Kal €XEl EVEQPYOTTOIOEL TNV EMIOTNIUOVIKN KOIVOTNTA yIA
Vv e€€0pEON UEOWV yIa TNV QVTIMETWTTION TNG Tavénuiag. H tpéxouvoa epyaocia mpoomabsi va afiodoyroel
Tov avtikturro Tou COVID-19 ot TpeiG eupwmalkéG xWPeG kat va aloAoyriosl To amoTéAeoua xpnoIUOTTOIW-



PNEUMON Number 2, Vol. 33, April - June 2020

vTag Ta HovTéda TG ouvdptnong Gombertz. MéBodot: SuléxBnkav kat avaivbnkav kabnuepiva emdnui-
oAoyika dedouéva Bvnoiudtntag amd 1o Eupwmaiké Kévtpo MpdAnyng kai EAéyxou Néowv yia tnv EAAGda,
™ laAAia kat Tnv ltadia. AmoteAéopara: Ta amoteAéouata Seiyvouy ot Taiptaouv petaél Twv mapatn-
pouuevwy SeSouévwy Kal EKEVWVY TTOU HoVTEAOTToloUVTAl UEOW TNG ouVAPTNONG Gompertz yia TIG TPEIG
XWpEeG. Xpnoiuomolwvtag ueBoédoug yia ta uétpa ouxvotntag tnG eménuioAoyikric mopeiag tng COVID-19
otov mAnBuoud, n EAXdSa, n FaAia kat n Itaia deiyvouv onuavtikég Siapopég uetaét tng Suvaulkric Tng
véoou 6oov apopd Ta mooooTd emintwong kat Bvnoiudtntag kabwg kai Toug xpdévoug SimAactacuol Twv
aoBevelwy. Zvpumepdopara: H SiaBsoiudtnta kKaBNUePIVWY embNUIOAOYIKWY SESOUEVWY OXETIKA UE ETTI-
BeBaiwpéva kpovouata TG vooou SiVEl EUKAIPIEG YIA EPEVVNTIKEG CUVEICPOPEG UEOW UABNUATIKWY UO-
VTEAWVY, OMw¢ péow tnG ouvdptnone Gombertz, OXeTIKA Ue TN OUYKPION Kal avdAuon Tn¢ SUVAUIKAE ToU
COVID-19 kai Twv ueArovtikwv Taoewv e§EMENC TNG emdnuiag UeTa&U EPIOYWVY KAl XWPWV.
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