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Abstract

Background: COVID-19 isthe most widely discussed topic worldwide in 2020, and at the beginning of the Italian epidemic,
scientiststried to understand the virus diffusion and the epidemic curve of positive caseswith controversial findings and numbers.

Objective: In this paper, a data analytics study on the diffusion of COVID-19 in Italy and the Lombardy Region is devel oped
to define a predictive model tailored to forecast the evolution of the diffusion over time.

Methods: Starting with all available official data collected worldwide about the diffusion of COVID-19, we defined a predictive
model at the beginning of March 2020 for the Italian country.

Results:  This paper aims at showing how this predictive model was able to forecast the behavior of the COVID-19 diffusion
and how it predicted the total number of positive casesin Italy over time. The predictive model forecasted, for the Italian country,
the end of the COVID-19 first wave by the beginning of June.

Conclusions: This paper shows that big data and data analytics can help medical experts and epidemiologists in promptly
designing accurate and generalized model s to predict the different COVID-19 evolutionary phasesin other countries and regions,
and for second and third possible epidemic waves.

(J Med I nternet Res 2020;22(10):€21081) doi: 10.2196/21081
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followsabehavior that isdifferent from typical epidemics. More

Introduction

The unexpected pandemic diffusion of COVID-19[1] worldwide
cals for the need to study al available data to promptly
understand the epidemic curve of COVID-19 contagiousness
[2-4] to help medica experts, epidemiologists, and palitical
decision makersin designing prompt reaction plans.

In this paper, we aim to develop an accurate predictive model
tailored to forecast the evolution of the diffusion over time,
exploiting big data and data analytics. Generally, epidemics
follow an exponentia curvein the spread of positive cases. This
isnot the case of the curve observed in Wuhan, China[5], where
the official curve of confirmed positive cases of COVID-19

http://www.jmir.org/2020/10/e21081/

precise studies are reported in [1,6-8]. Starting from this
observation, wetried at the beginning of March to correlate the
Wuhan official data set with the COVID-19 data set available
in Italy by applying big data and data analytics techniques [9]
to all official open data available worldwide [5] to design the
logistic curve for early estimation of the number of COVID-19
positive cases day-to-day and in all the phases of the pandemic
over time (eg, the peak in the number of daily cases, thelogistic
plateau, and at the end of the pandemic).
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Methods

To design the predictive model, we exploited al the official
data sets available so far. We analyzed the Wuhan official data
set, available at [5]. Asfor the Italian perspective, we adopted
the official data set that is daily published and updated by the
Department of the Italian Civil Protection [10]. All these data
setsarefreely available. Additional statistics (eg, percentage of
people that have severe COVID-19, percentage of people that
need intensive care, COVID-19 mortality index) have been
imported from the World Health Organization (WHO) website
[11].

Exploiting the similarity between the behavior of the COVID-19
contagion in Wuhan and the starting Italian scenario, we
designed our predictive curve adapting well-known
mathematical methods to this particular context: the Pearson
correlation index to formally evaluate this similarity in the
contagion, thelogistic curve (sigmoid) to design the cumul ative

Tosi & Campi
number of COVID-19 positive cases, regression models to
evaluate the best correlation fit for our predictions, and the
power law to model theinitial ascent of the pandemic.

Results

In the first step of our method, we computed the Pearson
correlation coefficient applied to a sampl e between the two data
sets (Italy vs Wuhan) with reference to the daily new positive
cases as.

X ol [ )
VEE-E2 E(y-7)?

correl_index (x,y) = (1)
Starting from the data set available from March 2, 2020, it was
possible to observe a strong Pearson correlation between the
data set related to Italy and the data set related to Wuhan with
a Correlation Index of 0.9944, as depicted in Figure 1 where
the Wuhan curve is compared with the Italian one.

Figure 1. Graphical comparison between the Italian curve and Wuhan curve (total cumulative positive cases).
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Starting from this assumption, it was then possible to use the
Wuhan data set (with a strong statistical significance) to try to
predict the logistic curve of total positive cases to COVID-19
for Italy and the Lombardy Region. We started designing our
model by the basi c assumption that every pandemic phenomenon
followsalogistic (sigmoid) curve. Wethen searched for acurve

that best fit theinitial growing part of thelogistic, and we found

that the best it is a power law curvein the form of y = m* xP.

To compute the coefficients m and b of the power curve, we
started our elaborations with two other assumptions in mind:

http://www.jmir.org/2020/10/e21081/
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1. Webased our initial estimation on the number of swab tests
analyzed in the initial days of the pandemic period, where
an average of 8000 swab tests were performed daily (in
May, the number of swab tests was increased significantly
to an average of 50,000 tests/day).

2. We assumed that the Italian Government would act
promptly with restrictions and lockdowns on the Italian
population and that the Italian citizens would follow these
restrictions with a sense of responsibility.

Moreover, we used the stabilized data set for Wuhan City, and
we adopted additional official statistics (published by the WHO

JMed Internet Res 2020 | vol. 22 | iss. 10 | €21081 | p. 2
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

[11]) about the COVID-19 spread in China (eg, percentage of
severe disease cases, percentage of critical disease cases, crude
fatality ratio, the number of days passed in each phase of the
China pandemic) to adjust the multiplier coefficient of our
predictive model. In this way, we were able to estimate the
position of thefirst inflections of the curve (to estimate the date
for the peak of new daily positive cases), the second curve
inflection (to estimate the date of the curve plateau), and then
to determine the day-to-day number of positive cases during
the second part of the pandemic (ie, during the descent.)

Figure 2 shows the number of new daily casesin Italy starting
from thefirst identification of apatient in the town of Codogno
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(Lodi, Lombardy) on February 24, 2020. The dotted orangeline
is the classical exponential curve typical of epidemics, while
the green line is the best fit for the data set available for Italy

until March 2, that is a power curve in the form of y = 3.00 *
2.77
X

The goodness of fit for the detected model is high, with ahigh
coefficient of determination (R°=0.9917).

Figure 3 comparesthe actual behavior of cumulative COVID-19
positive cases with the predictions of our model over time until
the end of March (where our model predicted the logistic
plateau).

Figure 2. The predicted curve of total positive casesin Italy (as of March 2, 2020).
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Figure 3. Graphical comparison between the real vs predicted number of Italian cumulative cases. Tot.: total.
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Our model forecasted (18 days in advance) the peak in the
number of daily new cases on March 21, 2020, with atota of
42,000 positive cases against the official datum of 53,500 total
positive cases, with a confidence level of 95%. The model
significantly outperformed other predictions based on
exponential models that forecasted more than 180,000 positive
Cases.

As highlighted in Figure 3, the model underestimated some of
the real officia valuesfor several reasons:

« March 21, 2020, is registered as the date with the absolute
peak in the number of daily new cases, hencethe error (that
isacumulative error) isincreasing over time.

»  TheLombardy Region has the same consideration (where
the peak has been forecasted and actually observed on
March 17). The Lombardy Region accountsfor 50% of the
overall nationa value.
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» The predictive model is strongly related to the curve of
Wuhan. Although the increase of daily cases is similar
between the Italian curve and the Wuhan curve, the decrease
is a bit different. The Italian one is less steep than the
Wuhan decrease since the restrictions implemented by the
Italian government are less stringent than the Wuhan
restrictions, and the Italian population reacted to the
restrictions with less determination.

Moreover, itisimportant to highlight that (asdepicted in Figure
4) the plateau for the Lombardy Region was predicted and
confirmed to start at the end of March, afew days in advance
of the plateau for the Italian curve, hence the absolute
contribution of the Lombardy Region on thetotal national value
was decreasing over time. It is important to observe that the
Lombardy Region anticipated all the national restrictions by 1
week with the Decree to Manage the COVID-19 Emergency:
DPCM-9 March 4, 2020.
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Figure 4. Graphical comparison between the Lombardy Region curve and the Wuhan curve (total cumulative positive cases).
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The model elaborated from the beginning of March 2020
(Figures 1-3) predicted the plateau (as confirmed by Prof S
Brusaferro from I stituto Superiore Sanita during anational live
TV broadcast [12]) for the logistic Italian curve at the end of
March with an estimate on the total positive cases to be 68,000
(whilethe actual value was 100,000 total cases). It isimportant
to highlight that the model focused on the prediction of the
pandemic timeline and not on the exact number of people
officially testing positive for COVID-19, a number that iswell
known to be dependent on the number of analyzed swab tests.
We based our initial estimation on the number of swab tests
analyzed in the initia days of the pandemic period. The
increasing amount of swab tests moved our curvestoward higher
values but did not modify the prediction regarding the starting
day of the logistic curve plateau and the prediction about the
different phases of the COVID-19 pandemic. As previously
stated, another factor that contributes to the larger number of
affected people is the different enforcement and timeliness
applied to the restrictions and lockdowns by the Italian
government and the Italian popul ation compared to China, which
we adopted inour initia assumptions. In any case, inthe forecast
of the total positive cases in a pandemic phenomena, the
magnitude of the values is the real discriminant on the quality
of the prediction. Exponential curves (adopted by several
scientists at the beginning of the COVID-19 pandemicin Italy)
predicted 1 million cases for the end of March, with aten-fold
overestimation, while our model underestimated for avalueless
than 40%. Ricolfi [13] estimated for March 8, 2020, 60,000
total cases, while the official value was 7400, thus an
overestimation of 800%. In Italy, we have 60 million inhabitants;
a difference of 32,000 cases between the estimated value and
the actual value on this population introduces an error that is
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less than 0.08%, and this does not impact the governmental
policies and actions to preserve the national health system.

It is important to observe that reaching the plateau does not
indicate that the COVID-19 epidemic has been solved, but it
means that the cumulative number of COVID-19 positive cases
is slowing down in its ascent. The WHO guidelines suggest
waiting for the contagion to be +0 (ie, the new daily cases are
reduced to afew dozen positive cases per day) and then taking
restrictions for two additional cycles of COVID-19 incubation
(mean incubation period 5-6 days, range 1-14 days.) Hence,
considering the national plateau on March 31, 2020, we
estimated the actual containment of the COVID-19 epidemic
at the beginning of June for the following reasons:

+  One additional month, after the beginning of the plateau,
to reach a small and contained number of new daily cases
(end of April)

+ One additional month in waiting for the two COVID-19
incubation cycles (end of May)

«  Gradual return to normal life starting from the beginning
of June

In Figure 4, the two curves for total cases in Wuhan (orange
line) and the Lombardy Region (gray line) are depicted. It is
interesting to observe that in this case the two behaviors are
similar and comparable. Figure 4 also shows that we are
approaching the plateau for the Lombardy Region.

In Figures 5 and 6, we show the new COVID-19 cases per day
inthe Lombardy Region and Wuhan, respectively. As previously
mentioned, the peak in the Lombardy Region wasregistered on
March 17, 2020, with 2200 new daily cases; then, the number
of daily cases decreased over time (with some exception asyou
can seein Figure 5).
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Figure5. Graphical plot of daily new casesin the Lombardy Region.
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Figure 6. Graphical plot of daily new cases in Wuhan.
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Thisis agood indicator (the peak matches the inflection point
inthelogistic curve) that we had started the descent toward the

plateau in the Lombardy Region (thelast inflection point in the
logistic curve).

Additionally, in that case, it is important to observe that the
curve of fatalities and recoveries (as depicted in Figure 7) were
misaligned temporally with the curve of new cases, since

Figure 7. Graphical plot of COVID-19 fatalities and recovered in ltaly.
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fatalities occur on average after 8 days, while recoveriesare an
additional 14 days, and new cases are observed after 8 days of
COVID-19incubation (on average). Thisexplainswhy the peak
in the number of new cases had been reached, while the peak
on daily fatalities was approaching, and we expected it at the
end of March. The same is true for the peak of recoveries that
we expected to appear in 2 moreweeks (middle or end of April).

Recovered vs. COVID-19 Fatalities

14000

12000

10000

8000

Recovered

6000

4000

2000

LT I R B~ R = N~ N B S o S~ SR o~ SN o~ B o~ B S~ B o~
- - = T e

© © o & © © & & ©

Fatality s Recovered

Discussion

This study was conducted in the early days of the pandemicin
Italy to promptly define a model able to predict the curve of
total positive casesin Italy and the Lombardy Region.

The model predicted the real data published daily by the
Department of the Italian Civil Protection, estimating in a
precise manner and several months in advance the plateau for
both the logistic curvesfor the Lombardy Region and Italy, and
the end of this first COVID-19 pandemic wave. This suggests
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the possibility to generalize the model for other countries, which
will follow the restrictions imposed by the Italian government,
to have a clear picture on the evolution of the number of new
cases and to act promptly with policies and restrictionsthat can
maximize care and treatments offered to patients with
COVID-19. Moreover, this paper shows that big data and data
analytics can help medical experts and epidemiologists in
promptly designing accurate models to predict the different
COVID-19 evolutionary phasesin other countries and regions,
and for second and third possible epidemic waves.
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