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Background: On March 11, 2020, the World Health Organization characterized the novel coronavirus
disease 2019 (COVID-19) outbreak as a pandemic. The first cases in Italy were reported on January 30,
2020, and the outbreak quickly escalated. On March 19, 2020, deaths in Italy surpassed those in China.
The Italian government implemented progressively restrictive measures leading to a nationwide lock-
down on March 8, 2020. This study aimed to assess the impact of mitigation measures implemented in
Italy on the spread of COVID-19.
Methods: Publicly available data were used to evaluate changes in the growth curve of the number of
patients hospitalized in intensive care (IC) at three time intervals between February 19, 2020, and April 9,
2020, after the implementation of progressive measures: (1) containment and travel restrictions, (2)
lockdown of the epicenter of the outbreak, and (3) school closures and nationwide lockdown. The models
that showed the highest reliability according to the Akaike information criterion and based on data from
the three time intervals were projected to assess how the epidemic would have evolved if no other
measure had been implemented.
Results: The most reliable models were (1) exponential, (2) quadratic, and (3) cubic (R2 ¼ 0.99, >0.99,
and > 0.99 respectively), indicating a progressive decrease in the growth of the curve.
Conclusion: This study suggests the measures were effective in flattening the epidemic curve and bought
valuable time, allowing for the number of IC beds to be nearly doubled before the national health system
reached maximum capacity.

© 2020 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
On March 11, 2020, the World Health Organization (WHO)
declared the current novel coronavirus disease 2019 (COVID-19)
outbreak could be characterized as a pandemic.1 As of April 28,
2020, almost every country has reported cases, with nearly three
million cases worldwide.2 Since the first cases of COVID-19 were
reported in Wuhan, China, in December 2019, cases rapidly spread
across the country and internationally. Community measures and
travel restrictions were implemented in China within weeks. Initial
measures such as isolation of detected cases, contact tracing, and
quarantining soon proved ineffective in halting widespread com-
munity transmission; hence, drastic community containment with
social distancing was implemented and the entire province of
Hubei was placed under enforced lockdown, approximately three
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weeks after the outbreak began.3 The rigorous lockdown measures
implemented in China allowed to contain the epidemic, with
clusters of cases still occurring to date.2

Despite travel restrictions, COVID-19 has spread extensively. As
of April 28, 2020, the most affected countries in terms of number of
cases are the United States, Spain, Italy, Germany, and the United
Kingdom.2 Italy currently has reported almost 200,000 cases, and
since the beginning of the outbreak, 26,640 deaths have occurred in
Italy related to COVID-19.2 With intensive care (IC) units close to
maximum capacity,4 healthcare workers under enormous physical
and psychological pressure, and resources severely depleted, the
Italian national health system is enduring an unprecedented strain.

The Italian government has implemented increasingly restric-
tive measures to flatten the epidemic curve and allow hospitals to
cope with the increasing number of patients requiring IC. On
January 30, 2020, the first two cases of COVID-19 in Italy were
confirmed, and travel restrictions and containment measures were
implemented. Municipalities at the epicenter of the outbreak (the
ghts reserved.
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red zone), mainly in the regions of Lombardy and Veneto, were
placed under lockdown from February 23, 2020. On March 5, 2020,
schools across Italy were closed, and on March 8, 2020, a lockdown
of the entire country was announced. We aimed to assess the
impact of these measures on the spread of COVID-19 in Italy.

Publicly available data5 were used to evaluate changes in the
growth curve of the number of patients hospitalized in IC at three
time intervals between February 19, 2020 and April 9, 2020, after
the implementation of progressive measures: (t1) containment and
travel restrictions, (t2) lockdown of the epicenter of the outbreak,
and (t3) nationwide lockdown.

Growth curves were estimated based on the number of patients
hospitalized in IC due to infection with COVID-19 during the three
time intervals. A delay of 5 days was considered to account for the
estimated incubation period of COVID-19, and an additional delay
of 4 days was considered to account for the time from onset of
symptoms until hospitalization in IC,6 and therefore, the effect of
the measures was assessed from the 9th day after the imple-
mentation of each measure.

The Akaike information criterion was used to compare a set of
statisticalmodels chosen a priori, selected based onprior analyses of
the Italian and Chinese epidemic curves.3,4 The exponential model
was the most reliable for t1, with a doubling time of 2.48 (95%
confidence interval, CI: 2.21e2.79) and a R2 of 0.99. The quadratic
model showed the highest reliability during t2, with R2 > 0.99. The
cubic model better fit data from the t3, with R2 > 0.99.

Following the methodology applied by Lau et al. to evaluate the
impact of lockdown in China,3 growth curves were extended to
represent the potential number of patients that would have been
hospitalized in IC if further measures to control the outbreak had
not been implemented, using the most reliable model for each time
interval (Fig. 1).
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Fig. 1. The number of patients infected with COVID-19 in intensive care (IC) in Italy, from F
further measures to control the outbreak had been implemented based on growth curves at
projections based on growth curves. Dotted vertical lines: lockdown of the red zone, school
time from onset of symptoms until hospitalization in IC). Dotted horizontal lines: maximum
references to color in this figure legend, the reader is referred to the Web version of this a
The total number of IC beds estimated on March 8, 2020, was
5200 and is estimated to have been increased to around 8000 beds
as of March 24, 2020.4 As shown in Fig. 1, the number of patients in
IC would have interceptedmaximum capacity onMarch 14, 2020, if
the increase had followed the exponential curve fitted on t1 data
(and given the unlikely assumption that all IC beds could be used
for patients with COVID-19). According to the quadratic curve fitted
on t2 data, the date of intercept with the threshold of 5200 beds
was delayed until March 28, 2020. Considering the increase in IC
capacity, the threshold of 8000 beds would have been reached on
April 5, 2020. The cubic curve fitted on t3 data peaked on April 1,
2020, and then decreased, never reaching either threshold. Ac-
cording to Italian Ministry of Health data, in 2017, the occupancy
rate of IC beds in public hospitals was 48.4%.7 Therefore, the
number of available IC beds on March 8, 2020, was closer to 2600
and increased to approximately 5400 on March 24, 2020.

According to the preliminary analysis conducted in this study,
the growth rate of the number of patients hospitalized in IC due to
COVID-19 has slowed since public health measures with the
objective of mitigating the outbreak were implemented in Italy,
suggesting the effectiveness of these measures. The reduced
growth rate in the number of IC patients bought valuable time,
allowing for the number of IC beds to be nearly doubled before the
national health system was completely overwhelmed.

Our findings are in line with the analysis conducted by Lau et al.
supporting the positive impact of mitigation measures on the
COVID-19 outbreak in China.3 Recently, a modeling analysis pro-
jected Italian data according to the epidemic curve of the outbreak
in the Hubei Province.4 According to this model, the cumulative
number of cases should have started diverging from the exponen-
tial trend 20 days after the beginning of the outbreak and reached
its peak 10 days later, although the most recent Italian data indicate
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the epidemic curvewas lengthened of around 10 days, reaching the
plateau around 40 days after the beginning of the outbreak.

Several reasons could explain the different shape the epidemic
curve is assuming in Italy compared with China. First, transmission
dynamics might not have been the same due to geographic, de-
mographic, and social differences between our countries. Further-
more, the extraordinary public health measures that were applied
in both countries differed in timing and implementation. From a
societal perspective, it would have been difficult to forcefully
implement a complete shutdown of our country overnight. The
Italian government proceeded toward nationwide lockdown by
taking progressive steps.

The effectiveness of the containment and mitigation measures
implemented in countries such as China, Hong Kong, Japan, and
Singapore is encouraging.8 Further efforts should be made in our
country to increase the resilience of our health system, such as
improving testing strategies, increasing laboratory capacity, and
supporting home diagnosis and treatment.8 This crisis has high-
lighted fragilities in our health system that can no longer be
ignored, such as the fragmentation due to the regionally based
organisation and delivery of health services, and chronic under-
funding, especially concerning family medicine. The system has
been slow to react, difficult to coordinate, and extremely homo-
geneous in its response.9 Hopefully, the incredible hardships that
Italy is facing and the severe costs of the extrememeasures that had
to be implemented will lead to rethink priorities and reshape our
national health system.

Our study had several limitations. First, due to the study design,
causation cannot be established based on our results. Second, it is
not possible to determine the separate effect of each measure, or
which one had the greatest impact, as in our study, we evaluated
their cumulative effect. Third, considering the ongoing changes in
case definitions and variations in protocols for the selection of
patients to test for COVID-19, which may not have been applied
homogeneously due to resource constraints, the number of notified
cases might not reflect the actual prevalence of COVID-19 in our
country.10 The number of patients in IC, however, is an indicator less
likely to be affected by underascertainment.

The present study suggests the broad-scale mitigation measures
implemented in Italy could have helped flatten the epidemic curve
and delay its peak, providing time to increase IC capacity. The re-
sults of this study provide timely scientific support for the miti-
gation measures implemented in our country and hopefully will
encourage policymakers to continue making brave choices.

Considering the outbreak of COVID-19 has reached pandemic
proportions, other countries should prepare for a scenario similar
to the one currently unfolding in Italy. Our study provides insights
that could be useful for other countries facing this epidemic.
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