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Background: After a national lockdown during the first
wave of the COVID-19 pandemic in Spain, regional
governments implemented different non-pharmaceu-
tical interventions (NPIs) during the second wave.
Aim: To analyse which implemented NPIs significantly
impacted effective reproduction number (R) in seven
Spanish provinces during 30 August 2020-31 January
2021. Methods: We coded each NPI and levels of
stringency with a ‘severity index’ (SI) and computed
a global SI (mean of Sls per six included interven-
tions). We performed a Bayesian change point analysis
on the R, curve of each province to identify possible
associations with global Sl variations. We fitted and
compared several generalised additive models using
multimodel inference, to quantify the statistical effect
on R, of the global Sl (stringency) and the individual Sls
(separate effect of NPIs). Results: The global Sl had a
significant lowering effect on the R, (mean: 0.16 0.05
units for full stringency). Mandatory closing times for
non-essential businesses, limited gatherings, and
restricted outdoors seating capacities (negative) as
well as curfews (positive) were the only NPIs with a
significant effect. Regional mobility restrictions and
limited indoors seating capacity showed no effect. Our
results were consistent with a 1- to 3-week-delayed
R, as a response variable. Conclusion: While response
measures implemented during the second COVID-19
wave contributed substantially to a decreased repro-
duction number, the effectiveness of measures var-
ied considerably. Our findings should be considered
for future interventions, as social and economic con-
sequences could be minimised by considering only
measures proven effective.
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Introduction

The rapid spread of the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) virus and ensu-
ing global coronavirus disease (COVID-19) pandemic
forced governments worldwide to implement a wide
variety of non-pharmaceutical interventions (NPIs),
often with incomplete evidence of their effectiveness
and with high social and economic expenses. The
evolution of the disease and its interruption of daily
life call for a rigorous analysis of the impact of public
health measures in order to determine the most effec-
tive intervention.

With COVID-19 cases rising in Spain in early March
2020, the government established a state of emer-
gency with the Royal Decree 463/2020 [1] on 14 March
2020, which triggered the introduction of NPIs aimed to
slow the transmission of SARS-CoV-2. These included
stay-at-home orders, limiting the movement of people,
closure of restaurants and non-essential businesses
and disinfection protocols among others; these meas-
ures were uniform throughout the country. Two months
later, with the national order SND/399/2020 [2] on 9
May 2020, a de-escalation plan initiated the easing of
certain restrictions. This procedure depended on the
epidemiological status of each autonomous region,
i.e. the political subdivisions of the territory, that were
subject to less stringent regulations as their registered
COVID-19 incidence decreased. The state of emergency
ended on 21 June 2020, with mobility being restored
throughout Spain and the autonomous regions regain-
ing full authority over public health measures.

With the arrival of the second wave, the Spanish gov-
ernment enacted a second state of emergency on 25
October 2020 with the Royal Decree 926/2020 [3], in
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TABLE 1

Description of non-pharmaceutical interventions implemented during the second wave of the COVID-19 pandemic and the
modelled severity index for their levels of application, Spain, 1 August 2020-31 January 2021 (n = 7 regions)

NPI Levels of application Sl
No limitation (o]
15 people at indoor premises 0.125
10 people at public spaces 0.25
10 people, anywhere 0.375
Limited gatherings 6 people, anywhere 0.5
5 people, anywhere 0.625
4 people, anywhere 0.75
2 people, anywhere 0.875
Only co-habitants 1
No limitation o
01:00 0.25
Curfew 00:00 0.5
23:00 0.75
22:00 1
No confinement o
Regional mobility restrictions - - - -
Perimeter confinement of province/autonomous region 1
No restriction o
After 23:00 0.2
21:00-23:00 0.4
Mandatory closing times for non-essential businesses
19:00h-21:00 0.6
17:00h-19:00 0.8
Before 17:00 1
No restriction o No restriction o
60 seats (indoors), 30 seats 75% of total capacity 0.125
(outdoors) 025 65% of total capacity 0.25
o ) o Je seats o 60% of total capacity 0.375
té?tléicg;:td;gr/]%igoor seating capacity in bars and 5 5 50% of total capacity 05
40% of total capacity 0.625
20 seats 0.75
30% of total capacity 0.75
Closed businesses 1 25% of total capacity 0.875
2.5 m? per seat 0.5 Closed businesses 1

COVID-19: coronavirus disease; NPI: non-pharmaceutical interventions; Sl: severity index.

further attempts to contain the spread of the virus.
Unlike the first state of emergency, it did not entail
home confinement or specific restrictions for the whole
country. Rather, the autonomous regions could adopt
NPIs with different levels of stringency according to
their own criteria and situation, within some estab-
lished general categories. A clear example of these
differences was the autonomous region of Madrid,
which — in addition to measures applicable to its entire
territory — designed a system of limitations by basic
health zones, depending on the registered incidence of
COVID-19 cases within the smaller administrative units

[4].

Several studies have evaluated the impact of gov-
ernment policies on the evolution of the epidemic
in Spain, with most focusing on the first wave [5-8].
While being a necessary exercise, the uniformity of the
adopted measures and the presumably less reliable

data sources available for this period because of the
under-reporting during the initial stages of the pan-
demic may make these analyses inconclusive. A con-
tinued investigation of the subsequent waves is key for
an informed response to possible future outbreaks of
infectious diseases.

The aim of this study was to measure the impact of
NPIs on COVID-19 transmission in several different
geographical regions in Spain from 30 August 2020
to 31 January 2021. We chose this time period in order
to exclude the effect of COVID-19 vaccination from the
analysis, as less than 1% of the population was vac-
cinated with a full primary course by 31 January [9]. We
considered data from seven provinces and focused on
the effective reproduction number (Rt) as the main epi-
demiological indicator, which was particularly high dur-
ing the first wave of the pandemic in Spain (estimated
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R, was 3.56 (95% confidence interval (Cl): 1.62-7.82)
[10]).

Methods

Study setting

Spain is composed of 17 autonomous regions, subdi-
vided into 52 provinces, and two autonomous cities.
We focused our analysis on seven of these provinces:
A Corufa, Barcelona, Madrid, Sevilla, Valéncia,
Valladolid and Zaragoza, which together comprise 41%
of the Spanish population [11]. These were chosen as
a geographically and socially diverse sample of the
country’s total population. The evolution of the num-
ber of COVID-19 cases across these regions during the
time under study is available at https://cnecovid.isciii.
es/covid19/#provincias.

COVID-19 cases and effective reproduction
number

COVID-19 cases, recorded by autonomous regions
as part of the National Epidemiological Surveillance
Network (RENAVE), are stored in the Spanish
Surveillance System electronic platform (SiViES), and
managed by the National Centre for Epidemiology. A
COVID-19 case is considered confirmed by either a pos-
itive SARS-CoV-2 PCR test or an ELISA-based serologi-
cal test (IgM) in patients with compatible symptoms
and a negative PCR test; all confirmed cases are noti-
fied to RENAVE.

The R, is the average number of secondary cases of
disease caused by a single infected individual during
the infectious period. This figure, which is time- and
situation-specific, is commonly used to characterise
pathogen transmissibility during an epidemic. We
computed daily estimates for this parameter using the
method of Cori et al. [12], implemented in the R package
’EpiEstim’, using a 7-day moving average (7-day win-
dow) in order to smooth possible notification delays.

Non-pharmaceutical interventions

We reviewed the historical repositories [13-19] of the
autonomous regions’ gazettes and recorded the acti-
vated NPIs, their levels of application, and the dates
where any of these changed across the provinces
under study. Several measures were excluded from the
analysis, either because of high correlations with other
variables (>0.75: limited attendance to businesses and
public infrastructures other than restaurant premises)
or because they had either been widely implemented
across Spain (mandatory use of masks) or not been
sufficiently active across a large number of dates
(«10% of dates or only implemented in one province:
local mobility restrictions, limited access to parks and
green areas, restricted visits to nursing homes). The
final dataset contained information concerning the lev-
els of application of six NPIs: limited gatherings, cur-
fews, regional mobility restrictions, mandatory closing
times for public establishments, and limited seating
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capacity at bars and restaurant premises, both indoors
and outdoors.

Severity index

While there is no objective procedure to encode the
level of stringency of any given public health measure,
we proposed a universal scale for use in mathematical
models. We computed a severity index (SI) for each of
the NPIs included in the analysis as follows. We scaled
linearly from o to 1 all the levels of application of any
given measure, so that o models the absence of the
restriction, and 1 models its most strict level of appli-
cation, with equally spaced intervals between each
level. For instance, in the period under study, manda-
tory curfews ranged hourly from 22:00 to o1:00. We
thus assigned the values o, 0.25, 0.5, 0.75, and 1 to the
corresponding variable whenever there was no active
curfew or curfews at 01:00, 00:00, 23:00, Or 22:00,
respectively. This is a rescaling of an integer-valued
scale such as that used in some reference datasets
[20-22], which yields common ranges of values (0—1)
for all the measures. We also computed a global Sl as
the mean of the Sls of all the restrictions at each point
in time; this is the natural choice of summary statistic
as we assume linear effects for each of the measures
in our analysis. Table 1 shows a detailed description of
the levels of application of the six NPIs included in the
analysis and their corresponding SI.

Trend analysis

We performed a Bayesian change point analysis
[23] on the R, curves of each of the provinces under
consideration. This method, implemented in the R
package ‘bcp’ [24], computes a posterior probability for
each point in a time series to have a change in mean,
relative to other neighbouring points. This allowed us
to distinguish points with high probability of a change
in tendency — those which are expected to correspond
to more abrupt intrinsic dynamics of the disease, e.g.
peaks of the curve — from points with a slightly lower,
nevertheless significant, probability — those that may
be influenced by other factors, e.g. an increase in the
Sl.

Statistical analysis

We quantified the possible effect of the NPIs under
analysis using generalised additive models (GAMs)
[25]. We first analysed the effect of the global Sl on the
R, with a model given by the following formula:

R, ~ s(time)+re(province)+global SI,

where s(time) models the smooth temporal component
of the time series, the term re(province) incorporates
the provinces as a random effect, and the global SI
is assumed to be a linear covariate. We fitted several
models with this structure to the data, allowing for a
different number of basis functions in the construction
of the temporal smooth (k thin plate splines, with k =
8,12,16,20,24), and chose the best model in Akaike’s



FIGURE 1

Observed effective reproduction number, results of the trend analysis and global severity index during the second wave of
the COVID-19 pandemic, Spain, 1 August 2020-31 January 2021 (n = 7 regions)
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COVID-19: coronavirus disease; Rt: effective reproduction number.

For each of the seven provinces (blue areas on map insert), the top graph shows the observed effective reproduction number (Rt, in blue) and its computed
posterior mean (in green). Horizontal grey dashed line shows the Rt at 1.0 for reference. The bottom graph shows the posterior probability for a change in
tendency for each point in time (in green) and the global severity index (in red).
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Information Criterion (AIC) score [26] among them.
In search of consistency, the process was repeated
for 1-week-, 2-week- and 3-week-delayed R, as the
response variable, and we checked for improvement in
estimation against a null model that had time as the
only explanatory variable. We refer to these models as
the ’global SI models’ below.

In case the global SI models yielded both a significant
effect for the Sl and an improvement in estimation com-
pared with the null model, i.e. above 5% in deviance
explained, we refined our approach by substituting the
global Sl in the previously fitted models by the covari-
ates modelling a linear effect of the Sls of each of the
restrictions described in Table 1. As before, we choose
the best models in AIC for a 1 to 3 week-delayed R, and
we only accepted the models when there was a sig-
nificant improvement in estimation compared with the
global SI model, i.e. above 3% in deviance explained.
We then identified which NPIs had a statistically sig-
nificant effect in the model. We refer to these models
as the ’individual Sls models’.

Results

Trend analysis

We attempted to identify possible associations
between points with a mild probability for a change
in mean with points where the global SI curve showed
an increase or decrease (Figure). While some relation-
ships between these two curves seemed to be present
for some regions (Madrid and Valladolid), we were not
been able to identify substantial associations consist-
ently for any of the provinces.

Statistical analysis

The global SI models provided a consistent improve-
ment of the estimates when compared with the null
model, and the global Sl was a statistically significant
covariate for 1-week-, 2-week- and 3-week-delayed R..
The R, showed a decrease of 0.17 (95% Cl: 0.11-0.23),
0.18 (95% Cl: 0.13-0.23) and 0.12 (95% Cl: 0.07-0.17)
units per Sl unit respectively for a 1-week, 2-week
and 3-week delay in the observations. We obtained
consistent results when assuming a non-linear effect
of the global SI.

Table 2 shows the results of the statistical analysis
of the individual Sls models. We found consistent
results as well, with limited gatherings, mandatory
closing times for non-essential businesses and limited
outdoors seating capacity having a statistically
significant lowering effect on the R, for all the models
(with average coefficients of —0.16, —0.14 and —o0.11,
respectively). Curfews had an increasing effect on the
2-week- and 3-week-delayed R, while regional mobility
restrictions and limited indoors seating capacity were
not significant covariates in any of the fitted models.

We obtained consistent results when removing highly
correlated variables from the dataset. More precisely,
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we selected the two pairs of variables that showed the
highest correlation — regional mobility restrictions and
curfews: 0.8 pair-to-pair correlation and limited indoors
and outdoors seating capacity: 0.78 pair-to-pair corre-
lation, removed any of these four variables from the
dataset and confirmed that the results of the statisti-
cal analysis were consistent. The remaining pair-to-pair
correlations were<o.55.

Discussion

We have evaluated the impact on the R associated with
various NPIs implemented in Spain by the governments
in the autonomous regions during the second wave of
the COVID-19 pandemic. While we identified a general
lowering effect of the NPIs on R, our analysis suggests
that some measures were more effective than others,
in agreement with other studies on the topic [27,28].
Namely, the limitation of public and private gatherings,
mandatory closing times for non-essential businesses
and restricted maximum seating capacity in outdoor
premises had a consistent decreasing effect on the
R,. We found that regional mobility restrictions and
limitations on indoors seating capacity did not have a
statistically significant effect on the R, while curfews
contributed to a slight increase in R..

While current knowledge has identified indoor facilities
as a suitable source of infection [29], the statistically
significant result found instead for restricted maximum
seating capacity in outdoor premises may be due to the
high correlation between these two covariates (0.78).
An indication favouring this interpretation is the fact
that restricted indoor seating capacity becomes a sig-
nificant variable with a lowering effect on the R, when
removing indoor restrictions from the analysis. Another
unexpected result is that curfews contributed positively
to the virus transmission; this could be a consequence
of the behaviour patterns of the population who may
resort to home gatherings during times when curfews
are active thus increasing the probability of infection.

Several reference data sources record NPIs and their
levels of stringency by means of a continuous index,
rather than a discrete variable [20-22], an approach
which we adopted in the present study. Nevertheless,
most of the studies concerned with a qualitative
assessment of the effect of public health measures
on the COVID-19 curve have exploited a simpler for-
mulation in terms of binary variables, indicating only
whether a given measure was active or not at any
point in time [27,28,30]. We replicated our statistical
analysis following this method, replacing the global Sl
with the number of active measures, but we obtained
non-significant results that were not consistent under
perturbations of the models (data not shown). We,
thus, presume that continuous indexes such as the
ones used here may be a useful tool for future inves-
tigations. From the epidemiological point of view, we
believe that continuous indexes can also better reflect
the interactions between different constraints, as
these are usually implemented at the same time and



TABLE 2

Linear effects for non-pharmaceutical interventions yielded by the individual severity index models during the second wave
of the COVID-19 pandemic, Spain, 1 August 2020-31 January 2021 (n = 7 regions)

Response variable Variable Linear effect 95% Cl
Mandatory closing times -0.16 +£0.06*
Limited gatherings -0.14 +0.07*
Limited outdoor seating capacity -0.1 +£0.04*
1-week-delayed Rt
Curfew 0.01 +0.04
Regional mobility restrictions -0.01 +0.02
Limited indoor seating capacity 0.01 +0.03
Mandatory closing times -0.15 +0.06*
Limited gatherings -0.18 +0.06*
Limited outdoor seating capacity -0.12 +£0.04*
2-week-delayed Rt
Curfew 0.05 +£0.03*
Regional mobility restrictions -0.02 +0.03
Limited indoor seating capacity o +£0.04
Mandatory closing times -0.1 +0.05%
Limited gatherings -0.16 +0.06*
Limited outdoor seating capacity -0.12 +£0.04*
3-week-delayed Rt
Curfew 0.04 +0.03*
Regional mobility restrictions o +0.02
Limited indoor seating capacity o +£0.04

Cl: confidence interval; COVID-19: coronavirus disease; Rt: effective reproduction number.
Statistically significant variables (p value < 0.05) are indicated with an asterisk.

thus some strategy is needed to isolate their individual
effects.

We did not obtain any clear interpretations from
the trend analysis. After examination of the result-
ing curves, we are led to think that the disease has
a strong intrinsic tendency, and that the particular
socioeconomic, cultural, and geographic differences
(@among others) across provinces make the compari-
sons between them non-significant. This is consistent
with other studies that have identified the high vari-
ability in the effectiveness of public health measures
[31-38]. The results of the statistical analysis seem to
contribute to this hypothesis, as a similar analysis for
other epidemiological indicators that are usually more
subject to inertia (14-day cumulative incidence, num-
ber of hospitalisations, number of deceased) yielded
inconsistent results (data not shown).

Limitations

Among the several factors that could limit our
approach, one intrinsic to our setting is the high cor-
relation between the variables that model the NPIs
(0.47 average pair-to-pair correlations). Indeed, most
of these measures were implemented simultaneously,
often with a parallel change in level of stringency,
a fact that may distort the statistical outcome and
complicate the evaluation of single measures. Other
relevant limitations common to studies on effective-
ness of NPIs [27,28,36-38] include the lack of a ‘con-
trol group’ of regions without any active NPIs, and the
fact that NPIs are usually enforced as a response to the

increased severity of the epidemic, which may result
in a confounding effect for the statistical models. We
hoped to mitigate this effect by the validations and
controls for consistency incorporated in our model fit-
ting and selection process. For the same reason, since
the use of face masks was mandatory nationwide since
the start of the pandemic in Spain, our approach is
unable to capture the effect of masking on the trans-
mission of the disease. Finally, the difficulty to meas-
ure the actual adherence to public health policies may
also restrict the scope of our analysis. While some
studies address the understanding of the factors that
determine it [39] and the general perception of the pan-
demic in Spain [40], no real data are available to verify
if the computed Sls actually reflect the population’s
behaviour during the time of study.

Conclusions

Our analysis suggests that the NPIs implemented dur-
ing the second wave of COVID-19 in Spain had a sig-
nificant impact in the spread of the disease, with some
measures being more effective than others, including
limited gatherings, mandatory closing times for non-
essential businesses, and restricted outdoors seating
capacity. Nevertheless, the epidemic curve appears to
have a strong intrinsic trend that requires an informed
and context-dependent perspective for an effective
control of the pandemic.

Statements
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