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ABSTRACT
Introduction: Portugal took early action to control the COVID-19 epidemic, initiating lockdown measures on March 16th when it recorded only 62 cases of COVID-19 per million inhabitants and reported no deaths. The Portuguese public complied quickly, reducing
their overall mobility by 80%. The aim of this study was to estimate the initial impact of the lockdown in Portugal in terms of the reduction
of the burden on the healthcare system.
Material and Methods: We forecasted epidemic curves for: Cases, hospital inpatients (overall and in intensive care), and deaths
without lockdown, assuming that the impact of containment measures would start 14 days after initial lockdown was implemented. We
used exponential smoothing models for deaths, intensive care and hospitalizations and an ARIMA model for number of cases. Models
were selected considering fitness to the observed data up to the 31st March 2020. We then compared observed (with intervention) and
forecasted curves (without intervention).
Results: Between April 1st and April 15th, there were 146 fewer deaths (-25%), 5568 fewer cases (-23%) and, as of April 15th, there were
519 fewer intensive care inpatients (-69%) than forecasted without the lockdown. On April 15th, the number of intensive care inpatients
could have reached 748, three times higher than the observed value (229) if the intervention had been delayed.
Discussion: If the lockdown had not been implemented in mid-March, Portugal intensive care capacity (528 beds) would have likely
been breached during the first half of April. The lockdown seems to have been effective in reducing transmission of SARS-CoV-2, serious COVID-19 disease, and associated mortality, thus decreasing demand on health services.
Conclusion: An early lockdown allowed time for the National Health Service to mobilize resources and acquire personal protective
equipment, increase testing, contact tracing and hospital and intensive care capacity and to promote broad prevention and control
measures. When lifting more stringent measures, strong surveillance and communication strategies that mobilize individual prevention
efforts are necessary.
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RESUMO
Introdução: Portugal tomou cedo medidas para controlar a epidemia de COVID-19, impondo medidas de confinamento a partir de 16
de março, quando registava apenas 62 casos de COVID-19 por milhão de habitantes e nenhuma morte. Os portugueses seguiram as
recomendações reduzindo sua mobilidade em 80%. O objectivo deste estudo foi estimar o impacto do confinamento em Portugal com
foco na redução do impacto nos serviço de saúde.
Material e Métodos: Fizemos previsões para as curvas epidémicas de casos, internamento hospitalares (geral e em unidades de
cuidados intensivos) e óbitos sem confinamento, assumindo que o impacto das medidas de contenção começaria 14 dias após o início
das medidas. Utilizámos modelos de alisamento exponencial para óbitos, internados em cuidados intensivos e total de internados e um
modelo ARIMA para número de novos casos. Os modelos foram selecionados considerando adequação aos dados observados até 31
de março de 2020. Em seguida, comparámos as curvas observadas (com intervenção) e previstas (sem intervenção).
Resultados: Entre 1 e 15 de abril houve 146 menos mortes (-25%), 5568 menos casos (-23%) e, em 15 de abril, houve 519 menos
internamentos em unidades de cuidados intensivos (-69%) e 508 menos doentes no total de internados (-28%) do que o previsto sem
confinamento. Em 15 de abril, o número de pacientes internados na unidades de cuidados intensivos poderia ter atingido 748, três
vezes maior que o valor observado (229) se a intervenção tivesse sido adiada.
Discussão: Se o confinamento não tivesse sido implementado em meados de março, a capacidade de unidades de cuidados intensivos em Portugal (528 camas) teria provavelmente sido ultrapassada na primeira quinzena de abril. O confinamento parece ter sido
eficaz na redução de infeções, doença grave e mortalidade associada, diminuindo a procura de serviços de saúde.
Conclusão: Um confinamento antecipado permitiu comprar tempo para o Serviço Nacional de Saúde mobilizar recursos e adquirir
equipamentos de proteção individual, aumentar a capacidade de testar e realizar rastreio de contactos, preparar-se para um aumento
da procura hospitalar e de unidades de cuidados intensivos e promover amplas medidas de prevenção e controlo. Ao levantar medidas mais restritivas será importante manter uma vigilância epidemiológica e estratégias de comunicaçao robustas que mobilizem
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INTRODUCTION
Since there is yet no vaccine or treatment for COVID-19,
governments have used social and behavioral interventions
to reduce spread of the virus in the community. Recent studies suggest that these public health measures have had
an impact. Whilst individual measures, (for example: contact tracing and isolation of cases and contacts, wearing
masks, movement restrictions and other measures to reduce social contacts and physical proximity) have an impact,1 it has been suggested that only through a combined
set of measures can the spread of the virus be contained.2-5
The European Centre for Disease Prevention and Control (ECDC), in the technical report “Strategies for Surveillance”,6 recommends that the effectiveness of containment
measures should be assessed at regular intervals by monitoring intensity, and the impact on the healthcare system.
The report stresses the importance of frequent, open and
transparent communication with the public to explain these
findings, in order for the population to accept and comply
with the chosen mitigation measures over long periods of
time.
Portugal took early action to control the COVID-19 epidemic, imposing restrictions on economic activity and social
life when there were only 62 cases of COVID-19 per million
inhabitants and no COVID-19 deaths, a different epidemio-

logical situation compared to Spain, Italy and the United
Kingdom, when equivalent measures were taken later in
the course of the epidemic.7 International comparison of
the Stringency index, a summary score taken from 17 indicators of government responses compiled by the Oxford
COVID-19 Government Response Tracker,8 indicates that
Portugal implemented in mid-March stringent containment
and mitigation measures , including the cancellation of public events, school closures, workplaces, retail and leisure
spaces closure and restriction of national and international
movement.
As the Stringency index increased and lockdown was
implemented, the Portuguese people complied with these
confinement measures and quickly reduced their overall
mobility, (Fig. 1). According to data published by Google9,10
and Apple7,11 the Portuguese people significantly reduced
their daily mobility, including for retail and leisure (-83%),
parks and alike (-80%) and transport (-79%) - Fig. 2.10 The
population in Spain also adhered effectively to government
containment and mitigation measures. In Italy and the UK,
on the other hand, there seems to have been slower reduction in mobility as the Stringency index increased eventually
reflecting a different communication and risk perception.7
In Portugal, 187 people died of COVID-19 in March
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Figure 1 – Variation in selected indicators of the Oxford Government Response Stringency Index in Portugal, 2020.
(Data source: COVID-19 Oxford Government Response Tracker)
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2020. This represents 2.3% of the 8521 confirmed cases,
a cumulative incidence of around 80 cases per 100 000 inhabitants and a mortality rate of 2.3%.
In line with one of the ECDC strategies for surveillance
of COVID-19 and the WHO COVID-19 strategy recommendations on research and knowledge sharing,12 the aim of
this study is to estimate the early direct health impact of the
lockdown in Portugal, that is: on the number of COVID-19
cases, deaths and clinically severe cases (using number
of hospital or intensive care unit beds occupied as a proxy
indicator of serious disease).
MATERIAL AND METHODS
Data on the daily number of cases, deaths, and preva-

lent number cases in hospital and in intensive care (ICU)
were collected from official, publicly available13 COVID-19
Situation Reports of Portugal’s Directorate-General of
Health until April 15, 2020, and that data was also available through the ECDC (cases and deaths). For data on
hospitalization and ICU attendance, occupied hospital beds
(overall) and ICU beds, rather than new admissions, were
used as indicators of prevalent hospitalized COVID-19 cases since new admissions were not available.
We estimated the daily number of new COVID-19 cases, COVID-19 associated deaths and beds occupied, both
in hospitals (overall) and ICU in April 2020, that would have
occurred without containment measures. This was carried out by forecasting values for April using exponential

Table 1 – Predicted and observed values and absolute and relative differences for different COVID-19 indicators from April 1st to 15th

Patients in ICU
All Hospitalized
Patients
Cases

Average number of daily deaths

Observed

Dif

Dif %

39.23

29.47

-9,76

-0.25%

588

442

-146

-0.25%

505.75

237.33

-268

-53%

748

229

-519

-69%

1299.68

1157.93

-142

-11%

1810

1302

-508

-28%

Total deaths (entire period)
Average number of occupied beds
Total ICU inpatients on April 15th
Average number of inpatients
Total inpatients on April 15th
Average number of daily new cases
Total cases (entire period)

567

428

-139

-25%

24405

18837

-5568

-23%
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Figure 2 – Temporal trend in the Oxford Stringency Index (green) and mobility by car (blue) and walking (red) as defined by Apple Mobility,
Portugal: January 13 to April 15.
(Data sources: COVID-19 Oxford Government Response Tracker; Apple COVID-19 Mobility Trens)
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smoothing and ARIMA models selected based on fitness to
the values recorded between March 1 and 31. Then, we
compared forecasted values of COVID-19 occupied beds
both in ICU and hospital (overall) in each day with the actual figures on April 15 (Table 1) as a cumulative measure.
We used SPSS expert modeler to consider different types
of exponential smoothing and ARIMA models for specific
time-series,14 and find the best fitting models for each time
series until March 31. Forecasts were obtained with exponential smoothing models applied to the time series of daily
deaths, hospitalized patients in ICU, and total number of
hospitalized patients up to March 31. An ARIMA model was
applied to the time-series of new cases, due to a better adjustment of the model parameters shown in results, given by
the SPSS expert modeler tool. All models had good adjustments to the time-series until March 31, as demonstrated
by the results. The analysis was performed in SPSS 26 using the approach described by B Tabachnich for traditional
model forecast.15
We considered a delayed effect of lockdown starting 14
days after the initial lockdown measures (in March 16), taking account of a fast increase in Stringency index and fast
reduction in mobility of Portuguese population by mid-March
(Fig. 2), as well as of evidence on the period from infection
to onset of symptoms, to the detection of cases, hospitalization (general ward or intensive care unit), and death,16-18

and finally on previous time-series studies that report timing
to impact of lockdown measures in different outcomes.19,20
As such, since reduction in mobility and contacts between
citizens was effective in mid-March 2020 and R(t) reduced
significantly after mid-March21 we modelled observed data
up to March 31.
RESULTS
Impact in daily deaths
In the analyzed period, there were 442 deaths from
COVID-19, 146 (-25%) fewer than the 588 that would be
expected for that period if no containment and mitigation
measures had been implemented. The exponential smoothing model for deaths (until March 31) had a good fit to observed data [R2 = 0.91, smoothing parameter test p < 0.001,
quality adjustment Ljung Box P = 0.75, autocorrelation function (ACF) and partial autocorrelation function (PACF) not
significant] (Fig. 3).
Impact on ICU inpatients
The forecast predicted that, as of April 15, 748 patients
would be occupying ICU beds. We observed 519 fewer
(-69%) patients in ICU than the predicted value by that date.
ICU bed occupation fell short of the lower bound of the 95%
confidence interval generated by the model throughout the
period.
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Figure 3 – Observed and predicted number of daily deaths by COVID-19, with 95% confidence intervals (Orange dashed line: date of
lockdown; Dashed grey line: beginning of forecast)
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Figure 4 – Observed and predicted number of daily ICU inpatients with COVID-19, with 95% confidence intervals (Orange dashed line:
date of lockdown; Dashed grey line: beginning of forecast; Red dashed line: ICU beds capacity: 528)

Throughout the period from 1 to 15 April, there was a
daily average of 237 COVID-19 occupied ICU beds, 269
fewer than the 506 daily average expected in the same
period (-53%), without containment and mitigation
measures. For this analysis, we used an exponential
smoothing model of number of patients in ICU (until March
31) with a good fit, (R2 = 0.98, p < 0.001 smoothing parameter test, Ljung Box adjustment quality P = 0.96, ACF and
PACF not significant) - Fig. 4.
Impact on overall hospital bed occupation
We used publicly available data on occupied hospital
beds(overall) each day to model the forecast. As at April
15, we predicted 1810 overall hospital beds occupied. We
observed 508 fewer than the predicted value for that date
(-28%).
Between 1 and 15 April, there was a daily average of
1158 hospital beds occupied by COVID-19 patients, 142
fewer than the 1300 occupied beds expected (-11%) if
no containment and mitigation measures had been put in
place. For this analysis we used the exponential smoothing
model of hospitalized patient numbers (until March 31), (R2
= 0.94, smoothing parameter test p < 0.001, Ljung Box P
= 0.84 adjustment quality, ACF and PACF not significant) Fig. 5.

Impact in daily new cases
Between 1 and 15 April, there were 5568 fewer cases
than the 24 405 cases forecasted (-23%). This indicator
remained under the lower bound of the 95% confidence
interval generated by the model after April 9.The forecast
used an ARIMA model (2,1,0) adjusted until March 31 for
the number of new daily cases 1, R2 = 0.86, test parameters of the model p < 0.05, adjustment quality Ljung Box
P = 0.95, ACF and PACF not significant (Fig. 6).
Despite the differences between forecasted and observed values there is uncertainty in the forecasts represented by the inclusion of the 95% confidence intervals for
the forecasts. These CI are methodologically conservative
and widen quickly as we move further away from the beginning of the forecast and often the observed values fall within
the confidence interval.
DISCUSSION
The findings of this study suggest that early Government action in implementing a strict containment and mitigation policy and a high level of compliance of the Portuguese population contributed to reducing mortality and
severe morbidity in early stages of the first epidemic wave.
Between April 1 and April 15, there were 25% fewer deaths,
23% fewer cases and, as of April 15, there were 69% fewer
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Figure 5 – Observed and predicted number of daily hospital inpatients (All) with COVID-19, with 95% confidence intervals (Orange dashed
line: date of lockdown; Dashed grey line: beginning of forecast)

ICU inpatients and 28% fewer overall hospital inpatients
than expected. On April 15 the number of ICU inpatients
could have been greater than 740, more than three times
higher than the observed value if the intervention was delayed beyond the end of March assuming a 14-day lag in
impact.
These time-series forecasting methods allow for an
early retrospective estimate of the impact of measures that
may be repeated whenever containment measures are
changed and convey an intuitive way to visualize the impact
of interventions. They are adequate for short-term forecasting making quantitative projections for policy makers22 that
are of relevance to public communication when justifying
control measures.6 However, they do not consider changes
in parameters governing transmission, disease outcomes,
and immunity to predict long-term outcomes as is done by
mechanistic modells.22
The observed values are often within confidence intervals for cases, hospitalizations (general ward) and deaths.
The selected methods imply conservative intervals in particular as we move further in time and should be seen as
conservative measures of uncertainty instead of serving to
accept or reject any level of impact. In fact, the extremes of
the CI are much less likely to have happened than values

closer to the central values23 and warrant cautious interpretation. As such, for example, it is more likely that ICU capacity would have been breached than not even if the lower CI
of the forecast, while close, does not reach the ICU capacity
limit.
Even though it is useful, there are some limitations in
the quality of surveillance data we used in these models.
Early in the epidemic there was likely an higher number
of under-ascertained cases, specially mild ones, possibly
turning forecasts more conservative. The sensitivity of the
surveillance system was probably lower before the 26th of
march when the existence of an epidemic link was dropped
from the suspected case definition which started to include
anyone with a new cough or fever. Moreover, many milder
infections and asymptomatic infections may have still been
missed. On the other hand, there may have been some delays in reporting, resulting in a peak in reporting of cases on
April 9 which is otherwise unexplained.
Data on COVID-19 deaths, and occupied Hospital (overall) and ICU beds are expected to be of reasonable quality.
In Portugal, COVID-19 deaths are reported by clinicians using an online national platform and these data are available
in real time. Deaths in patients who were suspected cases
of COVID-19 where a lab result was not available are tested
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Figure 6 – Observed and predicted number of cases of COVID-19 with 95% confidence intervals (Orange dashed line: date of lockdown;
Dashed grey line: beginning of forecast)

post-mortem24 (suspected case definition stopped including
epidemic link with a confirmed case on March 26th. Prevalent ICU and overall hospitalized cases in each day are
reported from each hospital to the Regional Health Administration and to DGS that collates and communicates the
data and as such we assume good reporting quality. Criteria
for ICU admission is unlikely to have significantly changed
in the course of the pandemic, and DGS issued guidelines
for ICU admission.25 However, it remains possible that the
threshold for admission to the ICU was slightly lower in
the beginning of the pandemic, eventually contributing to
higher forecasted values. On the other hand, data on new
cases are likely to be biased, reflecting testing strategies
and test availability. There was likely a higher level of underascertained cases in the early phase of the epidemic before
the testing strategy changed in Portugal in March 26, and
testing became more widespread (everyone with cough or
fever tested).
To decide on the cut-off date of 14 days to initiate the
forecast we made a number of assumptions based on the
data presented in the published literature, which varies.16-20
One study found the median incubation period of COVID-19
to be seven days (IQR:4-11),16 another that the median time
from first symptom to dyspnoea was five days, to hospital

admission was seven days, and to ARDS was eight days17;
an interrupted time-series study suggested that the onset
of reduction effects after the COVID-19 lockdown in Hubei
and Guangdong on incidence and mortality were observed
after a period ranging from seven to 17 days and 10 days,
respectively.19 Considering this. and for an easier reading
and interpretation we assumed in the analysis that the impact would begin to be observed for all the outcomes from
April 1, 14 days after the lockdown, even if conservative.
Further supporting the decision to use 14 days as a cutoff, according to the National Association of Public Health
Physicians (ANMSP), R (t) in Portugal (considering the
previous seven days) has rapidly decreased from 3.64 in
March 18, to 2.2 in March 24 to 1.64 in March 30 being
almost always below 1 since April 6.21 Our estimates are
probably conservative. This short-term forecasting method
assumed a fixed cut-off date on March 31, 14 days after the
initial lockdown measures, to start forecasting the number
of deaths, hospital and ICU inpatients and cases without
intervention. The impact of the lockdown measures however must have started earlier and gradually , rather than
on specific moment in time.19,20 The gradual reduction in
R(t) in Portugal corroborates this. However, since R(t) and
mobility reduction happened quickly in Portugal, by the
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middle of March, the effect would still not be too spread
over time. Our time series models incorporate a flattening
of the new cases and death curves which was already happening in the last days of March 2020. This influences the
forecasts making them more conservative for these specific
outcomes.
We cannot isolate the effect of specific measures on different outcomes. The number of ICU inpatients and deaths
is more strongly influenced by the number of cases in the
elderly population, because of the inherent higher risk26 and
may have a larger impact if more cases are prevented in
this population.
Different methods have been used internationally for
estimating impact of COVID-19 containment measures
through Susceptible Infected and Recovered models and
others 2,4,27-29 including retrospectively through interrupted
time-series.19,20 The latter consistently found an impact of
lockdown policies, with variable lags from lockdown to maximal impact.
We believe this forecast is adequate to estimate the
early impact of lockdown measures, even if conservative as
discussed above, because some behavioral changes would
occur even without severe lockdown measures, specially
among more vulnerable groups.
The timing of the implementation of strict social distancing varied in different European countries. In Portugal,
implementation occurred relatively early, following lessons
learned from previous experience in Italy and Spain. Early
interventions may have been particularly effective in the
early phases of the pandemic, where a large proportion of
mild cases may have accrued undetected30,31 and under-ascertainment estimates vary widely in different countries.32,33
The population risk perception may have been influenced early by media reports in neighboring countries like
Italy and Spain. In fact, a social opinion periodic survey of a
non-probabilistic sample with more than 150 000 respondents found that risk perceptions were high from the week
starting in March 21 (20.6% high risk; 44.9% moderate risk
of acquiring COVID-19) and remained high until the end of
the first week of April, with a slight reduction afterwards.34
This type of work, along with other methods, can be
reproduced in order to find early evidence of the impact
of changing containment strategies when lifting stringent
social distancing policies, although decisions on modeled
baseline periods and initiating forecasts can be further
discussed and need to be considered in different settings,
considering how quickly policy decisions have effective impact on behavior (mobility measures from Google and Apple should be included in surveillance), new infections and
severe outcomes of infection.

weeks after lockdown. This may have bought more time for
preparedness and response, and for the implementation of
other measures, including acquisition of personal protective equipment, increased testing and healthcare capacity,
strengthened public communication resources, campaigns,
public health contact tracing resources and digital tools.
The capacity of the National Health Service to care for
serious COVID-19 cases, (528 intensive care unit beds
at the start of the epidemic), could have been breached if
containment measures had been delayed towards the end
of March. In May, ICU bed capacity had been increased to
713 according to the Health Ministry.35 On a different note,
regional spread has been heterogeneous in Portugal13
making it more likely that ICU capacity would have been
breached earlier in the most affected regions.
As for relaxation in lockdown measures, strong risk
communication strategies must be in place to guarantee
compliance with preventive measures such as physical distancing, mask wearing, respiratory and hand hygiene and
test seeking behavior when symptomatic, since the Portuguese population felt a smaller first wave epidemic and risk
perception may go down in the upcoming months. During
this period, it is necessary: to maintain a high level of epidemiological surveillance and adequate testing strategies,
people´s symptoms awareness and test seeking behaviour,
that allow for early case detection, and contact tracing; to
focus on keeping the number of serious cases and deaths
down, particularly among the high risk population (people
aged over 70, and those with debilitating illness, namely
those in long-term care institutions), to protect health care
workers and other high-risk professionals; to keep the transmission rate under control, as recommended in the ECDC
Risk Assessment of April 936 and the European Comission37;
and finally, to maintain a high level of awareness through
innovative, group targeted communication strategies that
adress misinformation and promote responsible individual
risk management and compliance with prevention control
measures and contact tracing strategies when lifting more
stringent measures.

CONCLUSION
In Portugal, early and quick containment measures and
high level of compliance of the population were associated
with a relevant reduction in the number of serious cases
and deaths by COVID-19. The results were apparent two
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