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Introduction: The coronavirus disease 2019 (COVID-19) epidemic is an infectious disease 
which was declared a pandemic and hit countries worldwide from the beginning of the year 
2020. Despite the emergency vigilance plans, health systems in all countries experienced 
a different ratio of lethality, amount of admissions to intensive care units and quarantine 
management of positive patients. The aim of this study is to investigate whether some 
epidemiological estimates could have been useful in understanding the capacity of the 
Italian Regional Health Services to manage the COVID-19 epidemic.
Methods: We have compared data between two different Italian regions in the Northern part 
of Italy (Lombardy and Veneto) and the national data to determine whether different health 
strategies might be significant in explaining dissimilar patterns of the COVID-19 epidemic in 
Italy. Data have been extracted from a public database and were available only in an 
aggregated form.
Results: The regions in question displayed two different health policies to face the COVID- 
19 epidemic: while Veneto’s health service was largely territorially oriented, Lombardy’s 
strategy was more hospital-centered.
Discussion: The key to facing epidemics like this one consists in identifying solutions 
outside of hospitals. This however requires there be well-trained general practitioners and 
enough healthcare personnel working outside hospitals.
Keywords: COVID-19, epidemic, epidemiological estimates, health systems, region, Italy

Introduction
Planning health services (HSs) is a complex process. It requires a rigorous, evi-
dence-based approach aimed at improving high-quality services that meet the future 
health needs of the population.1

This goal should be achieved through the provision of efficient and effective 
HSs, considering available resources and balancing hospitals and local services.2

HSs planning should be future-oriented and able to support organizations. It 
should also be better prepared to address emerging health threats and, for this 
reason, it must include the development of emergency plans to ensure operational 
readiness towards emergencies.2

Public health is constantly threatened by a wide range of hazards. Despite there 
being various measures to prevent them, emergencies of different nature, severity 
and consequences still occur and this requires that HSs be readily available to 
manage them.
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The Coronavirus Disease 2019 (COVID-19) is an 
infectious disease whose outbreak was announced 
a pandemic and hit countries all over the world from the 
beginning of the year 2020.3

Despite the emergency vigilance plans, Health Systems 
in all countries experienced a different ratio of lethality, 
admissions to intensive care units (ICUs), and quarantine 
management of positive patients.3,4,5

We might evaluate these differences as a proxy of distinct 
management decisions at both national and local level, 
because health data related to COVID-19 infection might 
change with its different healthcare management strategies. 
For example, observed lethality ratio might change in relation 
to the number of the swab tests performed, which are the only 
tool to ensure a correct diagnosis. Moreover, some health 
authorities decided to treat COVID-19 patients at the hospitals, 
exposing healthcare workers to the infection and admitting 
even a-/pauci-symptomatic patients, which contributed to hos-
pital bed saturation.

The aim of this study is to investigate if the epidemiologi-
cal estimates taken into consideration might be useful to 
understand the capacity of Italian HS to manage the 
COVID-19 epidemic.

We have compared data of two different Italian regions 
in the Northern part of Italy (Lombardy and Veneto) with 
the national data to determine whether different HS stra-
tegies might be relevant in explaining different patterns of 
the COVID-19 epidemic in Italy. Socio-demographic data 
of the considered populations are shown in Table 1.

The considered epidemiological indicators estimates 
are not ideal for planning preventive measures, but they 
are fairly effective in estimating the burden of the disease 
in this pandemic situation.

Materials and Methods
Data about the spread of COVID-19 in Italy have been 
obtained from the GitHub repository of the Italian 
“Dipartimento della Protezione Civile – Presidenza del 
Consiglio dei Ministri” (https://github.com/pcm-dpc 
/COVID-19). In particular, information about national, 
regional and provincial situations was updated daily at 
18:30 (after the Head of Department press conference).

It must be considered that data were reported in an 
aggregated form and no information on single patients 
(regarding, for instance, comorbidities) could be obtained. 
Moreover, only epidemiological data concerning the spread 
of the disease were reported, and socio-demographic infor-
mation about the infected people (such as age, educational 

level or annual income, which might be correlated with the 
prevalence of the disease) was not available.

For the present work, daily data from 24/02/2020 to 12/04/ 
2020 (so 49 days in total) have been taken into account. 
Particularly, for our analysis, we considered the following 
variables:

● Deaths,
● Symptomatic hospitalised patients,
● ICU patients,
● Currently infected patients,
● Total cases,
● Home-quarantined patients,
● Discharged and/or healed patients.

We tried to model the dynamic evolution of the following 
epidemiological indicators during the considered period:

1. The ratio of discharged and/or healed patients to 
total cases.

2. The case fatality ratio (“observed lethality”).
3. The ratio of currently infected patients to total cases.
4. The ratio of ICUs patients to currently infected patients.
5. The ratio of quarantined patients to currently 

infected patients.
6. The ratio of symptomatic hospitalised patients to 

currently infected patients.

Since the dynamics of both the deaths and the infections could 
be related to clinical, demographics and socio-economic char-
acteristics of the population, a deeper analysis should be 
performed adjusting for these confounding factors as soon as 
these data will be made available. As an aid to interpreting the 
differences between the two regions and the whole Italian 
country, the following data are shown in Table 1:

● The composition of population with respect to age 
and gender in 2020 (https://www.citypopulation.de/ 
en/italy/);

● The average income per family in 2017, as a proxy of 
socio-economic status (http://dati.istat.it/Index.aspx? 
QueryId=22919#);

● the educational level in 2020 (http://dati.istat.it/ 
Index.aspx?DataSetCode=DCCV_POPTIT1);

the percentage of households in relative poverty in 2019 
(http://dati.istat.it/index.aspx?queryid=17968). We consid-
ered the most recent available data at the present time.
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Statistical Analysis
A logistic regression model was used to provide crude 
estimates of the endpoints, in which the response variable 
was the proportion of subjects with the endpoint above 
reported and the independent variable was the time.

In the model, the denominator used to calculate the 
outcome of interest was added to the model as a weight.

The shape of the time trend was modelled including 
restricted cubic spline functions.

Our aim was simply to obtain a smoothed shape of the 
trends, so we avoided defining knots positions.

Knots were placed according to a standard procedure, 
suggested by Harrell;6 in particular, given the linearity 
constraint, the first knot was placed at 0.025 quantile and 
the last one at 0.975 quantile of the time distribution. In 
fact, restricted cubic splines depend on the number of 
knots but are robust to the exact knots position.

Separate models were performed for Italy, Lombardy 
and Veneto for each indicator.

In order to choose the final model representing the smoothed 
shape of the trends, the following procedure was applied:

1. Models with spline from 3 to 10 knots were per-
formed, because we decided to have a maximum of 
one knot every five days.

2. For each model AIC (Akaike Information Criterion) 
was reported and the estimated trend of the indica-
tor over time was graphically examined in relation-
ship to the observed data.

3. Among all the models that one with the lower value 
of AIC was considered.

Table 2 displays the number of spline knots which have 
been chosen for each index and for each time series.

Table 1 Distribution of Age, Gender, and Socio-Economic Characteristics in Lombardy, Veneto and Italy

Lombardy Veneto Italy
N (%) N (%) N (%)

Age (2020)
0–9 years 854,418 (8.5%) 399,179 (8.2%) 489,2494 (8.2%)

10–19 years 962,677 (9.6%) 468,182 (9.6%) 570,6116 (9.6%)
20–29 years 986,159 (9.8%) 481,226 (9.9%) 608,4382 (10.2%)

30–39 years 1,164,199 (11.6%) 532,841 (10.9%) 6,854,632 (11.5%)

40–49 years 1,545,073 (15.4%) 742,052 (15.2%) 8,937,229 (15.0%)
50–59 years 1,592,109 (15.9%) 799,460 (16.4%) 9,414,195 (15.8%)

60–69 years 1,189,118 (11.9%) 603,210 (12.4%) 7,364,364 (12.3%)

70–79 years 996,209 (9.9%) 494,443 (10.1%) 5,968,373 (10.0%)
80–89 years 609,477 (6.1%) 293,030 (6.0%) 3,628,160 (6.1%)

90+ years 128,163 (1.3%) 65,510 (1.3%) 791,543 (1.3%)

N 10,027,602 (100%) 4,879,133 (100%) 59,641,488 (100%)

Gender (2020)
Females 5,115,227 (51%) 2,489,416 (51%) 30,591,392 (51.3%)
Males 4,912,375 (49%) 2,389,717 (49%) 29,050,096 (48.7%)

N 10,027,602 (100%) 4,879,133 (100%) 59,641,488 (100%)

Average income per family (2017) € 36,101 € 35,501 € 31,393

Education level (2020)
Population 15 years and over by educational qualification: no 

qualification, primary school license or middle school licence

3,968,000 (45.8%) 1,986,000 (47%) 24,996,000 (48.1%)

Population 15 years and over by educational qualification (2–3 year 

diploma (Professional qualification) or diploma 4–5 years 

(Bachelor) (“Diploma di maturita”)

3,269,000 (37.7%) 1,615,000 (38.2%) 19,038,000 (36.6%)

Population 15 years and over by educational qualification 

(Graduation and post graduation)

1,425,000 (16.5%) 624,000 (14.8%) 7,944,000 (15.3%)

N 8,662,000 (100%) 4,224,000 (100%) 51,977,000 (100%)

Incidence of relative household poverty (2019) 6% 10.3% 11.4%
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As the estimated regression coefficients for the cubic 
splines terms are not directly interpretable, results are 
reported only by the graphical estimated trend.

In some smoothed estimates, the goodness of fit for the 
first days (in general for the first 10 days) seems to be not 
satisfactory, but this is because of the low number of 
events in that period.

Data were gathered by public sources and they are 
freely available. Authors studied and analyzed them but 
did not collect them. Thus, the approval of an ethical 
committee is not requested.

Results
Figure 1 shows the ratio of discharged and/or healed 
patients to total cases.

The trend of Lombardy is over the trend of Italy and 
Veneto, but all the three curves show an increase during 
the time of our observation as it is expected in an epi-
demic. In Veneto the trend is underlying that of Lombardy 

because of the different strategies adopted by the regions 
(Figure 1).

Figure 2 shows the case fatality ratio (“observed 
lethality”).

The lethality was very high in Lombardy (Figure 2).
Figure 3 shows the ratio of currently infected patients 

to total cases.
The trends, as we expected, reflect the performance of 

an epidemic: the number of positive cases falls because 
patients recover and because of lockdown measures. 
Veneto’s values are greater probably because, in this 
region, many more swab tests were performed (Figure 3).

Figure 4 shows the ratio of ICUs patients to currently 
infected people.

The intensive use of hospital beds is evident in the 
figure for Lombardy while in Veneto the use of ICUs 
was postponed by some days and reserved only to the 
more severe cases. Lombardy faced the highest number 
of cases at the beginning of the epidemic when the method 

Table 2 Number of Spline Knots Used in the Different Models for Each Indicator

Model Indicator Number of Spline Knots

Numerator Denominator Lombardy Veneto Italy

Discharged and/or healed patients Total cases 10 10 10

Deaths Total cases 10 5 8
Currently infected patients Total cases 10 10 10

ICU patients Currently infected patients 7 9 10

Quarantined patients Currently infected patients 10 9 10
Symptomatic hospitalised patients Currently infected patients 10 8 10

Figure 1 Ratio between discharged or healed patients and total patients.
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to cure these patients had not yet been established and 
placing them in intensive care was considered the best 
therapeutic option (Figure 4).

Figure 5 shows the ratio of quarantined patients to 
currently infected people.

The trend shows the strategy of care for this epidemic 
in Veneto whose government decided to hospitalize only 
patients in more severe conditions, while the less severe 
cases were to be treated at home (Figure 5).

Figure 6 shows the ratio of symptomatic hospitalised 
patients and the currently infected people.

This figure shows how in Lombardy the only strategy 
chosen for positive patients was their admission to hospi-
tal. The Veneto trend seems to be more stable throughout 
the entire period of observation (Figure 6).

The socio-demographic characteristics of the two con-
sidered regions and Italy are reported in Table 2. The 
distribution of age, gender and education level is very 
similar in Lombardy and Veneto. Economic indicators, 
however, show a better situation in Lombardy, with 
a slightly higher income per family and a 4% less of 
households in relative poverty conditions with respect to 

Figure 2 Comparison of lethality among Italy, Lombardy and Veneto.

Figure 3 Ratio between currently infected patients and total patients.
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Veneto. These data support the idea that the different 
impact of the epidemic in the two regions was mostly 
due to the opposite public health strategies.

Discussion and Conclusion
Looking at all these data, it is possible to argue that the HS 
in Lombardy seemed less prepared to cope with this epi-
demic, while the Veneto HS managed their patients and 
this infection quite well.

In Veneto there was a lesser amount of hospitalizations 
(and so fewer discharged patients), because hospitalization 

was decided only for patients in critical conditions; this 
strategy probably had a positive impact.

The epidemic started in Lombardy due to its intensive 
commercial traffic with China.

The beginning of the outbreak was misunderstood 
probably because it happened during the influenza season.

There are also other possible explanations for this:

● With a very high number of admissions, it is possible 
that all the deaths that occurred in hospital were 
considered to be caused by COVID-19, which could 
have actually been only a comorbidity;

Figure 4 Ratio between ICUs patients and currently infected patients.

Figure 5 Ratio between quarantined patients and currently infected patients.
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● The high admission rate might be a measure of the 
inadequate answer for the cure of the disease outside 
hospitals;

● The high lethality rate in Lombardy might be 
explained also by the high number of deaths in old 
people residing in care homes;

● On the contrary, it is unlikely that the low lethality 
rate in Veneto might be biased by the number of 
swabs performed and thus by the number of people 
which have not been diagnose with COVID-19: 
indeed, thanks to the territorial medicine care, 
a huge number of swabs was performed even at 
patients’ homes, unlike in Lombardy.

In fact, a limiting factor of the present study is the 
unavailability of data – at the beginning of the epidemic – 
regarding the number of performed swabs, and thus the 
impossibility to normalize the considered variables to this 
potential confounder.

Moreover, we may distinguish between case fatality 
ratio (“observed lethality”) vs infected fatality ratio 
(“true lethality”).

One can argue that the lethality in Lombardy “appears” 
to be so high because of the underestimation of the number 
of real total cases, due to the low number of swab tests 
performed and the consequent underestimation of the 
denominator. It must be considered that also the numerator 
of the fraction is certainly underestimated, since many 
people died at home (or even in hospitals, at least at the 
beginning of epidemic) without having received a specific 
diagnosis.

The red areas located in Bergamo and Brescia, which 
are in Lombardy, might have contributed to this high 
number of deaths.

The rapid increase of the number of deaths forced the 
Government to implement some restrictive measures, 
which lead to a national lockdown on the 9th of March.7

So, we have two different regional strategies: in Figure 
2, Veneto’s stable trend is the result of its territorial care 
and the lower proportion of the Lombardy is the result of 
its hospital-centered care (the initial fall followed by an 
increase is the result of the saturation of hospital beds, 
particularly in ICUs).

However, the excess of positive cases related to early 
diagnosis can only partly explain the difference in appar-
ent lethality due to the presence of silent cases without 
COVID-19 disease manifestation after massive screening 
practice in Veneto with respect to the symptomatic con-
firmation approach adopted in Lombardy. It is well 
known that this paradoxical effect is partially compen-
sated by the increase of the lethality ratio in time even for 
the best regions. However, this phenomenon was 
observed also to the same extent for both Lombardy and 
Veneto. Better indicators should therefore be the ratio 
between the deaths and people hospitalized. In a region 
with a lower degree of hospitalization we could expect 
that more serious cases are hospitalized, therefore we 
could expect a higher ratio between the total number of 
deaths and the total number of hospitalized patients. This 
index should be at least comparable between the regions 
even in situations with different numbers of silent asymp-
tomatic cases if similar admission criteria were adopted 

Figure 6 Ratio between symptomatic hospitalized patients and currently infected patients.
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according to the similar expression of COVID-19 disease. 
If Veneto was expecting to admit more serious cases, 
while relying mostly on home care for the rest, such an 
index would have been expected to be higher than 
Lombardy. However, the approximated index was 0.554 
for Veneto and 0.737 for Lombardy due to the lack of 
analytical epidemiological data, the total number of hos-
pitalized patients is approximated by solely summing 
patients hospitalized at present to the fraction of the 
total number of dismissed/healed individuals proportional 
to the number of the hospitalized patients themselves. 
This result supports the fact that not only the apparent 
but also the true lethality could be different between the 
two regions according to the different impact of COVID- 
19 on the local HS.

This evidence is also supported by the general mortal-
ity data, and in particular by the comparison between the 
relative mortality estimation in two reference cities of 
Lombardy and Veneto. Indeed, while Milan and Brescia, 
in Lombardy, showed a huge increase in the expected 
mortality (respectively 1.96 and 3.15 times, with 1369 
and 391 exceeding deaths), Venice and Verona, in 
Veneto, displayed “only”, respectively, a mortality 
increase of 16% and of 33% (62 and 87 exceeding deaths). 
All these exceeding deaths can be attributable to both 
direct and indirect causes due to the COVID-19 epidemic, 
but there is no way to discriminate between them.8

A limitation of our results is the impossibility to adjust for 
potential confounders such as gender, age, and socio- 
economic status. Consequently, even if general demographic 
and socio-economic data suggest that opposite public health 
strategies in Lombardy and Veneto can at least partly account 
for a different impact of COVID-19 epidemic in the two 
considered regions, direct comparison between these regions 
should be considered with caution (Table 1).

These two regions represent the Italian situation in 
which many different health organizations coexist: in 
Lombardy there was a progressive removal of public ser-
vices in favor of private ones and there was the gradual 
dismantling of “territorial-centered” services and interven-
tions (for example general practitioners, Local Social and 
Health Agencies) versus “hospital-centered” ones (for 
example, the Emergency Departments); in Veneto we had 
a “territory-centered” system.9

These features are reflected in the different health 
policies adopted by the two local governances to face 
COVID-19 epidemic.

In all the figures (except for a short trait in the ICUs 
pts. vs currently infected pts. ratio curve), the national 
curve (which obviously is the result of a weighted average 
of all regional ones) lies between the two curves of 
Lombardy and Veneto, which are two “opposite poles” in 
the Italian landscape. Indeed, while we can consider the 
last one as a positive coping region, Lombardy acted as 
a negative one.

The use of ICU beds to face this epidemic in Lombardy 
is one of the most significant pieces of evidence of the 
stress the HS had to cope with, along with the increased 
number of patients. In Lombardy two regional laws in 
2009 and 2010 asked to prepare and to keep updated 
a preparedness plan for a respiratory virus pandemic. In 
particular, the Regional Management Board asked to limit 
the use of hospitals only to the more severe cases.10,11

The key to facing epidemics like this one consists in 
identifying solutions outside of hospitals. This however 
requires there be well-trained general practitioners able 
to perform swabs and provided with personal protective 
equipments, and in general well-trained healthcare person-
nel working outside hospitals.12

This was not the Italian situation, in fact the Global 
Health Security Index 2019 gave Italy a very low score for 
emergency preparedness and response planning and risk 
communication, leading to a rank of 31 out of 195 coun-
tries. Italy must start from this point.13,14
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