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Abstract

number of municipalities and total cases by end-August.

Background: On June 21st de-escalation measures and state-of-alarm ended in Spain after the COVID-19 first wave.
New surveillance and control strategy was set up to detect emerging outbreaks.

Aim: To detect and describe the evolution of COVID-19 clusters and cases during the 2020 summer in Spain.
Methods: A near-real time surveillance system to detect active clusters of COVID-19 was developed based on
Kulldorf's prospective space-time scan statistic (STSS) to detect daily emerging active clusters.

Results: Analyses were performed daily during the summer 2020 (June 21st — August 31st) in Spain, showing an
increase of active clusters and municipalities affected. Spread happened in the study period from a few, low-cases,
regional-located clusters in June to a nationwide distribution of bigger clusters encompassing a higher average

Conclusion: STSS-based surveillance of COVID-19 can be of utility in a low-incidence scenario to help tackle
emerging outbreaks that could potentially drive a widespread transmission. If that happens, spatial trends and
disease distribution can be followed with this method. Finally, cluster aggregation in space and time, as observed
in our results, could suggest the occurrence of community transmission.
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Background

The World Health Organization declared COVID-19
a Public Health Emergency of International Concern
(PHEIC) on January 30th [1] and a global pandemic
on March 11th, due to the increase in disease cases
and its rapid spread throughout the world [2].
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On March 14th, the Spanish government declared a
state of alarm, a constitutional prerogative that allows
the temporary suspension of movements [3], and estab-
lished a confinement of virtually the entire population
(except essential workers), which played an important
role in the control of the first pandemic wave. The state
of alarm ceased on June 21st [4], after a period of pro-
gressive de-escalation of COVID-19 control measures.
From there on, the epidemiological situation significantly
changed with daily new cases greatly reduced and testing
capacity improved. Following de-escalation, new chal-
lenges arose and the focus shifted from curve bending to
outbreak and transmission chain control under the Con-
trol and Surveillance Strategy in the transition phase of
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the COVID-19 pandemic implemented by the Ministry
of Health of Spain [5].

With the lifting of measures, small outbreaks began
to occur, at first related to vulnerable collectives, such
as workers from agriculture or meat-processing fac-
tories as happened in other parts of Europe, related
to poor living conditions, low socioeconomic status
and marginalized collectives [6]. These outbreaks pro-
gressively grew in cases and locations affected and,
eventually, community transmission was suspected. By
August, the number of daily new cases had greatly in-
creased [7], and new control measures were reevalu-
ated, ranging from limiting social gatherings up to
small-contained lockdowns.

Space-time Scan Statistic (STSS) has been widely used
since its first development by Kulldorf [8]. Originally de-
signed for retrospective analysis of chronic conditions
and mortality [9], a prospective version was also pro-
posed [10] for surveillance data [11], which was quickly
aimed toward outbreaks detection [12], like dengue fever
[13] and malaria [14]. STSS analysis has also been ap-
plied to monitor the emergence of new active clusters of
COVID-19 in the USA [15, 16] or Bangladesh [17].
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Our aim is to detect and describe the evolution of
COVID-19 clusters and cases during the 2020 summer
following the end of the State of Alarm (21 June — 31
August) in Spain using a real-time scan statistic pro-
spective analysis, and to assess its implementation as a
tool for daily epidemic surveillance.

Methods

Administrative distribution of Spain

Spain is composed of 17 Autonomous Regions and 2 Au-
tonomous Cities. These are subdivided into 52 provinces
(shown in Map 1). The smallest territorial administrations
are municipalities. As of January 1, 2020, there are 8131 of
them. Their number and extension are heterogeneous
among territories. We used 2019 population data for each
Spanish municipality from INEbase, the National Statistics
Institute of Spain official database [18].

Data collection and inclusion criteria

COVID-19 cases, recorded by Autonomous Regions and
Autonomous Cities as part of the National Epidemiological
Surveillance Network (RENAVE in Spanish), are stored in
the Spanish Surveillance System electronic platform (SiViES

Badajoz

Santa CN/? Ceuta

ruz de' Tenerife
1) \\/ Las/Palmas /

<7 @ — \\\

J A
/ Va =
< - Vs
Canl::\bria_asll‘éil_)aJ GBulkoa ) \u
0,8 A_T‘abélzﬁlﬁva (
PSntevidra™ Leén Navarra ;
o .~Palencia Burgos La Rioja
urense \ 8
by

! Valladolid

! Segovia S
/
Salamanca Guadalajara
3 Teruel
) Castellon
/ s

s Toledo

Ciudad Real

] 0 V‘L}/
' Albacete Q
Alicante™
(" .
) Cordoba
2
- w Malaga

/1
—~_—~__Melilla
— TS -

Zaragoza

Tarragona'

llles Balears

Murcia
.
Gra na
~— AL’/'/ 7

50 100 150 200 km

Map 1 Political map of Spain




Rosillo et al. BMC Public Health (2021) 21:961

in Spanish), and managed by the National Centre for Epi-
demiology. This database contains information on demo-
graphic, epidemiological, clinical and laboratory aspects.
The official protocols implemented during this period
aimed at the early detection of symptomatic cases and, if
possible, the active search for cases (both symptomatic and
asymptomatic) among the contacts of the cases [5]. A
COVID-19 case is considered confirmed, and therefore is
notified to RENAVE if there is a positive polymerase chain
reaction (PCR) test, or an ELISA-based serological test
(IgM) in patients with suitable symptoms and negative PCR
[5].

For the analysis, the date assigned to each case was com-
puted as the imputation date. The date of symptom onset
and the date of diagnosis were used for symptomatic and
asymptomatic cases, respectively. When date of symptom
onset was missing, the imputation date was calculated as
diagnosis date minus 3 days (median time from symptom
to diagnosis in our study) [5]. Cases with none of these
dates available were excluded.

Prospective Poisson space-time scan statistics

A prospective version of Poisson STSS was employed
to detect active clusters at municipal level in Spain.
STSS is characterized by a cylindrical window where
the base is the spatial scanning window and the
height corresponds to time. The method scans
through space and time analyzing each possible geo-
graphic area and time range. Thus, we obtain an ex-
tensive number of cylinders for the entire area of
analysis.

As we assume the number of COVID-19 cases follow
a Poisson distribution, under the null hypothesis (Ho)
the risk within the cylinder is constant while under the
alternative hypothesis (H;) the risk inside the cylinder
differs from outside. As stated by Kulldorf [10] and Des-
jardins [15], the equation below (Eq. 1) is used to calcu-
late, under the null hypothesis, the expected number of
cases (4) where p is the population in cylinder base area,
C the number of COVID-19 cases in Spain and P the
total Spanish population.

n=prg

Then, a likelihood ratio test (Eq. 2) [8, 15] for each cylin-
der is calculated taking into account the number of cases
and the population at risk, the higher the value the less
likely that the detected cluster occurred by chance.

wz () ()"

" ()
u(T)
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The ratio is defined by the quotient between the likeli-
hood of the cylinder Z, L(Z), and, Ly, the likelihood
under the null hypothesis. The variables are: n,, the
number of COVID-19 cases within the cylinder area;
u(Z), the expected cases calculated by the Eq. 1; N, the
total number of cases in Spain across the time range and
u(T) the expected cases in the area across the time
range.

The significance was evaluated for each detected clus-
ter using the Monte Carlo test. The obtained likelihood
ratio was compared to likelihood distribution calculated
with the permutations of the data. For each analysis
(day), clusters are presented in order of likelihood ratio
of occurrence.

To easily compare the relative risk between the de-
tected clusters, a relative risk for each cluster is calcu-
lated with the formula below (Eq. 3) [13, 15]:

cle
RR= - —-""7"—~
(C-¢c)/(C-e)

where ¢ and e are the observed and expected cases in a
cluster, respectively, and C is the total number of cases
in Spain.

Analysis strategy and data presentation

SiVIES data was retrieved during September 2020, and a
daily prospective analysis was emulated for the study
period. To this end, only cases recorded up to the ana-
lyzed day were taken in consideration, and only active
clusters were reported, not accounting for outcomes of
following days. Table 1 summarizes parameters used in
the STSS analysis. The cylindrical window maximum ra-
dius for our analysis was 25 km (mean distance between
municipalities in Spain) whereas the maximum time
period of aggregated analysis was from 2 to 7 days (to in-
clude median incubation period of 5 days).

Daily number of active clusters is calculated. A de-
tailed review of two specific days will be described (June
25th and August 1st) like an example, analyzing the fol-
lowing individual cluster information: time period, loca-
tions included, cluster population, cluster radius, cluster
p-value, observed cases, expected cases and relative risk.
Lastly, mean cluster radius, mean number of locations

Table 1 Parameters used for the Prospective STSS analysis
Probability Model

Discrete Poisson

Spatial window shape Circular
Maximum Spatial window area 25 km radius
Minimum Temporal cluster duration 2 days
Maximum Temporal cluster duration 7 days
Maximum Monte Carlo permutations 999

P-value significance p-value < 0.005
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included, and mean cluster duration in days through the
study period are graphically represented.

Software

STSS was performed using the SaTScan™ v9.6 software
(https://www.satscan.org/). The automatization of the
process was carried out with R Software 4.0.2 and the
package rsatscan [19]. Additional graphics and maps
were obtained with ggplot2 [20] and ArcMap 10.3. A dy-
namic online viewer was developed using the packages
Leaflet [21] and shiny [22] and uploaded to a server to
be consulted by the public.

Results

Epidemic curve and cluster evolution during 2020
summer

From June 21st to August 31st, a total of 257,881
COVID-19 cases were registered through RENAVE. Fig-
ure la shows the epidemic curve, where an increasing
trend of daily new cases can be appreciated beginning in
July, shortly after the full lifting of control measures.

Cluster evolution followed a similar trend (Fig. 1b). Its
spatio-temporal evolution can be consulted in a Shiny
web application, available online at the following link:
(https://coviddifusion.isciii.es/SpSumClus/). As can be
observed in the viewer, at the first day of our study, June
21th, a total of 7 active clusters were active in Spain,
mostly located in the north-eastern regions of Aragén,
Cataluiia and Pais Vasco, which encompass a geograph-
ical region called Ebro’s valley. Since then, and under
our analysis parameters, a constant increase in the num-
ber of clusters was noted, reaching around 50 active
clusters by late-July, and 100 by the second week of Au-
gust. It must be noted that the orange-colored cluster
represents the most likely in terms of likelihood.

In July, these clusters were grouped into two areas:
Ebro’s valley and Madrid. The Mediterranean coast was
also affected, reaching Andalucia. As the time passed,
cluster distribution became more homogeneous
throughout the national territory. In August, clusters
had extended from Madrid to neighboring areas of
Castilla-La Mancha and Castilla y Ledn. By August 31st,
cluster number had grown to 129, extending over almost
every region of Spain with notable exceptions such as
Asturias.

The location of the most likely cluster has changed
throughout the study period. Initially, it was placed in
some municipalities of Huesca and Lleida, and later,
around the city of Zaragoza. Later on, it was displaced to
the Barcelona metropolitan area by July 20th, and from
August 8th to the surroundings of the capital city of
Madrid.

A more detailed insight on the study outcomes is dis-
cussed below, focusing on two specific days (June 25th
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Fig. 1 Epidemic and daily cluster curves, June 21st — August 31st
2020. Note: a Epidemic curve of COVID-19 daily new cases as
reported to the National Surveillance System (RENAVE). The black
line represents the 7-day moving average of daily cases. b Daily
active clusters detected after running STSS analysis for each day,

cases reported from the National Surveillance System
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and August 1st) as they help describe the spread of the
disease in the Spanish territory (Table 2 and Map 2).

Municipal- level results. June 25th, 2020
The scan analysis for the 25th of June detected seven
statistically significant emerging space-time clusters of
COVID-19 are described at Table 2 and shown in
Map 2a. The most likely cluster (cluster 1) was located
between two administrative regions: Huesca (Aragén)
and Lleida (Cataluiia). It presented a relative risk (RR) of
28.8, with 122 observed cases compared to 4.26 ex-
pected, and it was active from June 23rd to the date of
analysis. Although most cases were located in 3 munici-
palities, 15 out of the remaining 25 included municipal-
ities had a RR > 1.

Other small clusters are found in the south, cluster
number 2 and 4 (Mélaga and Huelva) and cluster 5 in
the north of Spain (Navarra), each including a single
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Cluster  Active cluster period (Days) P Observed Expected RR # of municipalities  # of municipalities with RR > 1

Active clusters on 25th June 2020
1 Jun 23th - Jun 25th (3) <0.001 122 4.26 28.85 28 15
2 Jun 24th - Jun 25th (2) <0001 62 7.56 823 1 1
3 Jun 23th - Jun 25th (3) <0.001 15 042 3544 18 3
4 Jun 24th - Jun 25th (2) <0001 9 036 24.95 1 1
5 Jun 23th - Jun 25th (3) <0001 4 0013 30036 1 1
6 Jun 23th - Jun 25th (3) <0.001 17 272 6.26 15 6
7 Jun 23th - Jun 25th (3) 0,004 6 0.2 29.61 2 2

Active clusters on 1st August 2020
1 Jul 27th = Aug 1st (6) 0.000 2593 79.9 33.64 28 21
2 Jul 27th = Aug 1st (6) 0.000 4359 4674 9.87 86 72
3 Jul 27th = Aug 1st (6) 0.000 2928 570.7 531 31 30
4 Jul 27th = Aug 1st (6) 0.000 574 24.96 23.18 40 31
5 Jul 27th = Aug 1st (6) 0.000 760 103.02 745 89 41
6 Jul 27th = Aug 1st (6) 0.000 725 152.98 4.78 32 25
7 Jul 29th - Aug 1st (4) 0.000 56 0.028 202662 1 1
8 Jul 27th = Aug 1st (6) 0.000 55 0.026 2094.31 1 1

Jul 27th = Aug 1st (6) 0.000 301 49.55 6.1 4 3

10 Jul 27th = Aug 1st (6) 0.000 176 13.73 12.84 73 23
1 Jul 27th = Aug 1st (6) 0.000 193 20.15 9.6 7 5
12 Jul 27th = Aug 1st (6) 0.000 210 30.13 6.99 24 4
13 Jul 27th = Aug 1st (6) 0.000 236 40.04 591 58 20
14 Jul 27th = Aug 1st (6) 0.000 122 7.78 1571 17 10
15 Jul 27th - Aug 1st (6) 0.000 183 24.72 742 7 5
16 Jul 28th — Aug 1st (5) 0.000 101 6.94 14.57 28 7
17 Jul 27th = Aug 1st (6) 0.000 84 4.2 20.04 25 5
18 Jul 27th = Aug 1st (6) 0.000 265 68.92 3.86 34 24
19 Jul 27th = Aug 1st (6) 0.000 127 1553 8.19 2 2
20 Jul 27th = Aug 1st (6) 0.000 53 1.26 42.09 9 4
21 Jul 27th = Aug 1st (6) 0.000 72 471 1529 25 9
22 Jul 27th - Aug 1st (6) 0.000 71 46 15.45 29 4
23 Jul 27th = Aug 1st (6) 0.000 54 1.98 27.33 8 5
24 Jul 27th = Aug 1st (6) 0.000 208 57.8 361 62 30
25 Jul 27th = Aug 1st (6) 0.000 50 2.37 21.11 26 11
26 Jul 27th = Aug 1st (6) 0.000 95 13.69 6.95 21 13
27 Jul 27th = Aug 1st (6) 0.000 39 13 29.93 39 7
28 Jul 27th = Aug 1st (6) 0.000 86 1244 6.92 27 19
29 Jul 28th — Aug 1st (5) 0.000 17 0.039 43345 1 1
30 Jul 27th = Aug 1st (6) 0.000 179 56.76 3.16 56 34
31 Jul 27th = Aug 1st (6) 0.000 115 25.62 4.49 30 16
32 Jul 27th = Aug 1st (6) 0.000 59 5.84 10.11 8 4
33 Jul 27th = Aug 1st (6) 0.000 116 2883 4.03 20 1
34 Jul 27th = Aug 1st (6) 0.000 51 4.87 1047 29 7
35 Jul 27th = Aug 1st (6) 0.000 53 641 8.28 47 13
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Table 2 Emerging space time clusters of COVID-19 at the municipal level in Spain (Continued)

Cluster  Active cluster period (Days) P Observed Expected RR # of municipalities  # of municipalities with RR > 1
36 Jul 27th = Aug 1st (6) 0.000 132 4453 297 55 15
37 Jul 27th = Aug 1st (6) 0.000 40 421 9.51 3 3
38 Jul 27th = Aug 1st (6) 0.000 30 22 1362 16 2
39 Jul 31th = Aug 1st (2) 0.000 21 0.8 26.12 1 1
40 Jul 27th — Aug 1st (6) 0.000 89 2898 3.07 59 17
41 Jul 27th = Aug 1st (6) 0.000 31 3.75 8.27 53 15
42 Jul 31th = Aug 1st (2) 0.000 38 6.59 5.77 39 5
43 Jul 27th = Aug 1st (6) 0.000 108 4471 242 39 14
44 Jul 31th = Aug 1st (2) 0.000 10 0.16 63.61 1 1
45 Jul 27th = Aug 1st (6) 0.000 97 39.17 248 25 8
46 Jul 28th — Aug 1st (5) 0.000 78 2865 272 1 1
47 Jul 30th — Aug 1st (3) 0.000 59 18.77 3.15 14 10
48 Jul 27th — Aug 1st (6) 0.000 97 43.82 2.22 45 17
49 Jul 28th — Aug 1st (5) 0.000 7 0.1 6838 1 1
50 Jul 29th — Aug 1st (4) 0.000 13 0.92 14.08 10 5
51 Jul 28th — Aug 1st (5) 0.000 10 043 23.26 9 5
52 Jul 30th — Aug 1st (3) 0.000 36 945 3.81 9 4
53 Jul 30th — Aug 1st (3) 0.000 57 20.7 2.75 8 6
54 Jul 28th — Aug 1st (5) 0.000 51 17.61 29 50 10
55 Jul 28th — Aug 1st (5) 0.000 20 3.15 6.34 20 6
56 Jul 28th — Aug 1st (5) 0.000 18 2.54 7.09 6 3
57 Jul 28th — Aug 1st (5) 0.000 17 2.37 7.18 16 4
58 Jul 30th — Aug 1st (3) 0.000 23 488 472 54 12
59 Jul 27th = Aug 1st (6) 0.001 9 053 17.02 1 1
60 Jul 30th - Aug st (3) 0.001 8 0.38 20.96 1 1
61 Jul 27th — Aug 1st (6) 0.004 46 1799 256 20 9
62 Jul 28th — Aug 1st (5) 0.004 33 1061 3.11 13 7

RR Relative Risk

municipality. They involved 62, 9 and 4 cases, respect-
ively, with a RR of 8.23, 24.95 and 300.36. The start date
of the active cluster varies: June 24th (cluster 2 and 4)
and June 23rd (cluster 5); while the following analysis
date was the same (June 25th).

Cluster 3 contains 18 municipalities, one of them
shows the highest individual RR for the day of analysis
(478.07). The global cluster RR was 35.44, with only 3
municipalities with a RR > 1.

Municipal-level results. August 1st, 2020

By August 1st, 2020, 62 clusters of COVID-19 were ac-
tive in Spain, present over the whole territory but two
Autonomous Regions and the Autonomous Cities. They
are described in Table 2 and shown in Map 2b. The
number of cases ranged from 7 in the smallest aggrega-
tion to 4359 in the largest one. Cluster duration had

increased and more than half of them had started 5 days
before (on June 27th).

An accumulation of clusters is seen in the Ebro
Valley. In fact, the most likely cluster (p <0.001) was
located around the city of Zaragoza. There were 2593
incident cases from July 27th to August 1st, it had a
RR of 33.64 and 21 out of the 28 municipalities in-
cluded had a RR> 1. Surrounding it, there were sev-
eral smaller significant clusters. One of them was the
cluster 4, active for the same period, which comprised
Lleida city and their close municipalities (574 cases,
RR: 23.18). This area had been the most likely cluster
when the analysis began.

The Mediterranean coast of Cataluiia was also affected
during this period. Cluster 2 is located in Barcelona and
its surroundings. A total of 4359 cases were reported, af-
fecting 86 municipalities (72 with a RR> 1) and with a
RR of 9.87 for the complete aggregation.
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Cluster 3 is located in the Madrid Autonomous Region
and is formed by 2928 cases (RR: 5.31). It encompasses
Madrid and its metropolitan area (30 of 31 municipal-
ities with RR > 1). Around this cluster, there are 4 less-
likely ones, at the rural areas of this administrative re-
gion. The remaining significant clusters can be consulted
at Map 2b.

By that day, we can observe that practically most of
north-eastern Spain was affected by COVID-19 clusters
as well as Madrid and the Mediterranean coast, espe-
cially the south-eastern regions of Murcia, Almeria and
Alicante.

Parameter evolution during the study period

Cluster radius and number of municipalities per cluster
allow us to assess another quantitative dimension of
pandemic evolution (Fig. 2). Assuming an initial scenario
of low transmission during the first 2—3 weeks of our
study period, a grouping of small clusters can be ob-
served, with a mean radius of 10 to 14 km that includes
10 to 15 municipalities (Fig. 2a and b). Around mid-July
an increase is noted in both parameters, with a mean ra-
dius ranging from 18 to 20km and a daily mean of 30
municipalities per cluster, this value will remain up to
August 31st (Fig. 2a and b). The third included param-
eter (Fig. 2c), mean time duration of active clusters, pre-
sents the same evolution but in a more progressive
trend, as a linear increase can be appreciated. During the
first days of the study, clusters only were active for a
mean of 2—3 days, but as epidemic evolved this duration
was progressively increased. By mid-August its mean
value almost reached the 7 days limit imposed on our
model.

Discussion

On June 21st, State of Alarm and de-escalation measures
ended in Spain and only 9 active clusters were detected,
compared to 129 of them present by August 31st Sur-
veillance set up in May was updated on June [5] and a
new legal framework to prevent, contain and coordinate
public health measures against COVID-19 was devel-
oped [23]. Autonomous Regions were responsible for
reporting all detected outbreaks to the Ministry of
Health. However, it is important to note that the terms
outbreak and cluster denote different concepts: whereas
cluster refers to a statistical outcome of our space-time
analysis, outbreaks in Spain were defined as the aggrega-
tion of at least 3 cases with an epidemiological link be-
tween them [5].

Evolution of pandemic and populations affected in Spain
during 2020 summer

We have applied STSS to detect emerging outbreaks of
COVID-19 in Spain after de-escalation. By June 21th, 9

Page 8 of 11

clusters were active, located in specific regions. They
represent some of the very first outbreaks that took
place since then. From there, transmission spread geo-
graphically to neighboring regions during July, making
the total daily clusters rise to 59 by July 31st, mostly in
Ebro’s Valley but a trace can also be observed along the
Mediterranean coast and Madrid. In August, when
Madrid became the most likely cluster, diffusion in the
regions adjacent to the capital can be appreciated, lead-
ing to a heterogeneous cluster prevalence by the end of
the study period.

The main and first cluster in our analysis, that took
place in the cities of Lleida and neighboring municipal-
ities of Huesca, was strongly linked to vulnerable collec-
tives, both meat-processing plants and agricultural
industry/seasonal workers [24]. Occupational-related
outbreaks were the most commonly observed up to July
[6]. They have been widely reported in Europe during
the 2020 summer, mainly related to food packaging and
processing sectors, factories and manufacturing, office
settings and health workers [25]. In addition, COVID-19
spread has been more intense between vulnerable collec-
tives and low-income populations [26].

From mid-July, social and family outbreaks largely out-
numbered occupational ones, with 40% out of the total,
as transmission began to grow [6] after June 21st and
the return of mobility in Spain. This increase during July
coincides at the time that cluster number, mean cluster
radius and mean locations per cluster reached upper
bounds according to parameter limitation. As transmis-
sion grew, initial outbreak detection was no longer in-
formative since community transmission was suspected
to be occurring, which has implications in surveillance.

SaTScan method. Strengths and applications for COVID-
19 surveillance

By August (https://coviddifusion.isciii.es/SpSumClus/),
we observed the appearance of multiple neighboring
clusters. Cluster mean radius and number of included
municipalities by cluster had reached a maximum, sug-
gesting a probable widespread transmission. STSS could
become a valuable tool to respond to an important ques-
tion in any epidemic outbreak: when and how to deter-
mine if a community transmission might be happening.
Using prospective STSS, Masrur et al. suggest that a
COVID-19 community transmission might had hap-
pened in Bangladesh in March [17]. This scenario is of
enormous importance for public health authorities and
decision-makers, and we believe that spatial aggregation
saturation of clusters over an area, once reached max-
imum established parameters (cluster radius fundamen-
tally), can be understood as a relevant indicator to
consider that community level transmission could be
happening.


https://coviddifusion.isciii.es/SpSumClus/
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Analysis options and parameters may be adjusted de-
pending on desired surveillance objectives. Cluster diam-
eter may be changed to reach specific surveillance goals:
in an outbreak control strategy, a smaller radius can help
detect single municipalities whose RR is increasing rap-
idly. However, once community transmission has been
detected, it may be more useful to use a larger diameter
to detect an aggravation of the situation at wider re-
gions. Moreover, time range and a minimum of included
cases could be set in order to look for aggregation of dif-
ferent sizes. A 5 cases/7 days ratio may be a good option
to detect family outbreaks in a low-density area, while
300 cases/ 7 days could be a useful tool in a decision-
making panel.

Figure 2 represents, to the best of our knowledge, the
first attempt to evaluate timely performance of STSS
surveillance under established parameters. By mid-July, a
window widening might be necessary to better capture
emerging behavior since parameters already show a sat-
uration (i.e., they reached their upper limit for the entire
period). Other research teams chose to group clusters by
population-at-risk included, with a minimum of 10% of
the total population needed, resulting in less but wider
clusters [15-17]. Population in Spain is unequally dis-
tributed, mainly within the coastal regions and Madrid.
If we had chosen this population-at-risk option, emer-
ging clusters affecting single small municipalities would
have never been detected at the beginning of the study
period.

The use of surveillance records is subject to reporting
bias. During low prevalence time periods, data can be
expected to arrive daily in complete form. But as epi-
demic progresses, notification delays become present
and data quality might decline, which may complicate a
real-time assessment. Usual weekend bias is also
accounted for.

Method limitations

Prospective SSTS is very influenced by the epidemic
curve shape. As this disease is distributed in waves, its
validity may be compromised by trend changes. For this
reason, it seems logical to restart the analysis every time
this situation occurs. Furthermore, community transmis-
sion can compromise its utility. Once established, cluster
detection loses usefulness for showing the emerging dis-
tribution of the disease.

Expected cases are calculated from previous incidence
of COVID-19. The use of real-time surveillance data is
subjected to reporting delays and bias. Since we used a
consolidated database, this effect has not been measured
and needs further research and experience.

The use of a minimum radius between municipalities
can be affected by the territorial distribution in Spain,
which is very heterogeneous. The notorious differences

Page 10 of 11

in the size of municipal terms between South and North
regions could separate more frequently clusters where
they are bigger, as Andalucia (see Map 1). In addition,
population concentration may cause great variations in
RR as a higher number of cases is needed to make a
cluster significant in most populated areas with respect
to less ones. Besides, the high RR of a few close munici-
palities can reach surrounding villages or towns with a
RR <1 or even without a case inside a cluster. Control
and prevention measures should take this into account,
and be intimately linked to the detection of transmission
chains and the epidemiological situation.

Clusters, as STSS output, have to be considered as a
statistical result, where there is an absence of epidemio-
logical links or a deep knowledge of the real situation.
Its use should be associated with a suitable and well-
staffed prevention and control strategy, which allows to
provide a true vision of the epidemiological situation.

Conclusions

STSS surveillance captured the near-real time evolution of
COVID-19 cases clusters during the summer 2020 in
Spain, following the end of the national lock-down. A total
of 100 new cluster (from 9 to 129) were detected during
the study period, following observed spatial diffusion for
the second wave.

Space time scan statistics provides timely and reliable
information for real-time surveillance of COVID-19 emer-
ging clusters and later pandemic evolution. Epidemio-
logical investigation is needed to characterize clusters and
guide interventions. Its flexibility allows for a variety of
surveillance strategies and populations. Once emerging
outbreaks lead to a wider transmission, STSS could be-
come an early warning of community transmission.

STSS surveillance serves as a public health evidence-
based decision tool, and will be implemented as part of
Spanish routine COVID-19 surveillance. Further re-
search will be conducted to evaluate its performance
and utility in decision making for epidemic control.

Abbreviations

PCR: Polymerase chain reaction; PHEIC: Public Health Emergency of
International Concern; RENAVE: Spanish National Epidemiological Surveillance
Network; RR: Relative risk; SiVIES: Spanish Surveillance System electronic
platform; STSS: Space-time scan statistic

Acknowledgements

The authors wish to thank all the public health and other personnel in Spain
responsible for case survey, data processing and consolidation of the
database.

Authors’ contributions

MP, MGV and CM cleaned and pre-processed the dataset. JST designed the
maps. ARB is responsible for graphics and web application. NR and JDAM de-
veloped and performed analyses and wrote the first paper draft. DGB and RR
are the leading researchers. All authors participated in the manuscript editing
and correction process. The author(s) read and approved the final
manuscript.



Rosillo et al. BMC Public Health (2021) 21:961

Funding
This research has been financed by Carlos Ill Health Institute (ISCIIl) under
the project COV20-00881.

Availability of data and materials

The data that support the findings of this study are available at the COVID-
19 section of the web page from the Centro Nacional de Epidemiologia,
Instituto de Salud Carlos Il (Spain): https://cnecovid.isciii.es/covid19/
#documentaci%C3%B3n-y-datos

Declarations

Ethics approval and consent to participate
Not applicable. Data used for this study comes from Epidemiological
Surveillance retrieved, anonymized and stored under Spanish legislation.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Servicio de Medicina Preventiva. Centro de Actividades Ambulatorias, 6
planta, Bloque C, Hospital Universitario 12 de Octubre. Avenida de Cérdoba,
s/n, 28041 Madrid, Spain. 2Centro Nacional de Epidemiologia, Instituto de
Salud Carlos lll, Calle de Melchor Ferndndez Almagro 5, 28029 Madrid, Spain.
3Servicio de Medicina Preventiva, Hospital Universitario de Mostoles, Calle Rio
Jucar, s/n, 28935 Mostoles, Spain. “Consorcio de Investigacion Biomédica en
Red de Epidemiologia y Salud Publica (CIBERESP), Instituto de Salud Carlos Ill,
Calle Monforte de Lemos 3-5, 28029 Madrid, Spain.

Received: 26 January 2021 Accepted: 28 April 2021
Published online: 21 May 2021

References

1. Statement on the second meeting of the International Health Regulations
(2005) Emergency Committee regarding the outbreak of novel coronavirus
(2019-nCoV). [cited 2020 Oct 27]. Available from: https://www.who.int/news/
item/30-01-2020-statement-on-the-second-meeting-of-the-international-hea
Ith-regulations-(2005)-emergency-committee-regarding-the-outbreak-of-
novel-coronavirus-(2019-ncov).

2. WHO Director-General's opening remarks at the media briefing on COVID-
19 - 11 March 2020. [cited 2020 Oct 27]. Available from: https://www.who.
int/director-general/speeches/detail/who-director-general-s-opening-rema
rks-at-the-media-briefing-on-covid-19%2D%2D-11-march-2020

3. Real Decreto 463/2020, de 14 de marzo, por el que se declara el estado de
alarma para la gestion de la situacion de crisis sanitaria ocasionada por el
COVID-19. Available from: https://www.boe.es/boe/dias/2020/03/14/pdfs/
BOE-A-2020-3692.pdf

4. Real Decreto 555/2020, de 5 de junio, por el que se prorroga el estado de
alarma declarado por el Real Decreto 463/2020, de 14 de marzo, por el que
se declara el estado de alarma para la gestion de la situacion de crisis
sanitaria ocasionada por el COVID-19. Available from: https://www.boe.es/
buscar/pdf/2020/BOE-A-2020-5767-consolidado.pdf

5. Ministerio de Sanidad e Instituto de Salud Carlos Il. Estrategia de deteccién
precoz, vigilancia y control de covid-19. Actualizado 16 de junio de 2020.
Madrid: Gobierno de Espafia; 2020. Avaliable at: https.//www.agamfec.com/
wp/wp-wpcontent/uploads/2020/06/COVID19_Estrategia_vigilancia_y_
control_e_indicadores-1.pdf.

6. The national COVID-19 outbreak monitoring group. COVID-19 outbreaks in
a transmission control scenario: challenges posed by social and leisure
activities, and for workers in vulnerable conditions, Spain, early summer
2020. Eurosurveillance. 2020;25(35):2001545.

7. Equipo COVID-19, RENAVE, CNE, SNM (ISCIII). Situacién de COVID-19 en
Espana a 20 de agosto de 2020. Available from: https.//www.isciii.es/QueHa
cemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/
Documents/INFORMES/Informes%20COVID-19/Informe%20COVID-19.9%20N%
€2%ba%2040_20agosto2020_ISClIl.pdf

8. Kulldorff M, Athas WF, Feurer EJ, Miller BA, Key CR. Evaluating cluster
alarms: a space-time scan statistic and brain cancer in Los Alamos, New

Page 11 of 11

Mexico. Am J Public Health. 1998;88(9):1377-80. https://doi.org/10.21
05/AJPH.88.9.1377.

9. Kulldorff M, Feuer EJ, Miller BA, Freedman LS. Breast cancer clusters in the
Northeast United States: a geographic analysis. Am J Epidemiol. 1997;146(2):
161-70. https.//doi.org/10.1093/oxfordjournals.aje.a009247.

10.  Kulldorff M. Prospective time periodic geographical disease surveillance
using a scan statistic. J Royal Stat Soc A (Statistics in Society). 2001;164(1):
61-72. https://doi.org/10.1111/1467-985X.00186.

11. Jones RC, Liberatore M, Fernandez JR, Gerber SI. Use of a prospective space-
time scan statistic to prioritize shigellosis case investigations in an urban
jurisdiction. Public Health Rep. 2006;121(2):133-9. https://doi.org/10.1177/
003335490612100206.

12. Kulldorff M, Heffernan R, Hartman J, Assuncdo R, Mostashari F. A space-time
permutation scan statistic for disease outbreak detection. PLoS Med. 2005;
2(3):e59 [cited 2020 Sep 24] Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC548793/.

13. Desjardins MR, Whiteman A, Casas |, Delmelle E. Space-time clusters and co-
occurrence of chikungunya and dengue fever in Colombia from 2015 to
2016. Acta Trop. 2018;185:77-85. https://doi.org/10.1016/j.actatropica.2018.
04.023.

14.  Using the SaTScan method to detect local malaria clusters for guiding
malaria control programmes. [cited 2020 Sep 24]. Available from: https.//
www.ncbi.nlm.nih.gov/pmc/articles/PMC2679049/

15. Desjardins MR, Hohl A, Delmelle EM. Rapid surveillance of COVID-19 in the
United States using a prospective space-time scan statistic: detecting and
evaluating emerging clusters. Appl Geogr. 2020;118:102202. https://doi.org/1
0.1016/j.apge0g.2020.102202.

16.  Hohl A, Delmelle EM, Desjardins MR, Lan Y. Daily surveillance of COVID-19
using the prospective space-time scan statistic in the United States. Spat
Spatiotemporal Epidemiol. 2020;34:100354. https://doi.org/10.1016/j.sste.202
0.100354.

17. Masrur A, Yu M, Luo W, Dewan A. Space-time patterns, change, and
propagation of COVID-19 risk relative to the intervention scenarios in
Bangladesh. Int J Environ Res Public Health. 2020;17(16):5911. https//doi.
0rg/10.3390/ijerph17165911.

18. Instituto Nacional de Estadistica (INE). INEbase. Available from: https://www.
ine.es/dyngs/INEbase/listaoperaciones.htm

19.  Kleinman K. rsatscan: Tools, Classes, and Methods for Interfacing with
SaTScan Stand-Alone Software. 2015 [cited 2020 Oct 7]. Available from:
https://CRAN.R-project.org/package=rsatscan

20.  Wickham H, Chang W, Henry L, Pedersen TL, Takahashi K, Wilke C, et al.
ggplot2: Create Elegant Data Visualisations Using the Grammar of Graphics.
2020 [cited 2020 Oct 19]. Available from: https://CRAN.R-project.org/packa
ge=ggplot2

21, Cheng J, Karambelkar B, Xie Y, Wickham H, Russell K, Johnson K, et al.
leaflet: Create Interactive Web Maps with the JavaScript “Leaflet” Library.
2019 [cited 2020 Oct 19]. Available from: https://CRAN.R-project.org/packa
ge=leaflet

22. Chang W, Cheng J, Allaire JJ, Xie Y, McPherson J, RStudio, et al. shiny: Web
Application Framework for R. 2020 [cited 2020 Oct 19]. Available from:
https://CRAN.R-project.org/package=shiny

23. Real Decreto-ley 21/2020, de 9 de junio, de medidas urgentes de
prevencion, contencion y coordinacion para hacer frente a la crisis sanitaria
ocasionada por el COVID-19. Available from: https://www.boe.es/buscar/
pdf/2020/BOE-A-2020-5895-consolidado.pdf

24, ORDEN SAN/481/2020, de 23 de junio, por la que se adoptan medidas
especiales en materia de salud publica para la contencién del brote
epidémico de la pandemia COVID-19 en la Comarca de Bajo Aragén-Caspe/
Baix Aragd-Casp. Available from: http://www.boa.aragon.es/cgi-bin/EBOA/
BRSCGI?CMD=VEROBJ&MLKOB=11193362345458&type=pdf

25.  COVID-19 clusters and outbreaks in occupational settings in the EU/EEA and
the UK. Stockholm: ECDC; 2020. Avaliable at: https://www.ecdc.europa.eu/
sites/default/files/documents/COVID-19-in-occupational-settings.pdf.

26.  Dyal JW. COVID-19 Among Workers in Meat and Poultry Processing Facilities
— 19 States, April 2020. MMWR Morb Mortal Wkly Rep. 2020;69 [cited 2020
Sep 24] Available from: https//www.cdc.gov/mmwr/volumes/69/wr/mm691
8e3.htm.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://cnecovid.isciii.es/covid19/#documentaci%C3%B3n-y-datos
https://cnecovid.isciii.es/covid19/#documentaci%C3%B3n-y-datos
https://www.who.int/news/item/30-01-2020-statement-on-the-second-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-outbreak-of-novel-coronavirus-(2019-ncov
https://www.who.int/news/item/30-01-2020-statement-on-the-second-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-outbreak-of-novel-coronavirus-(2019-ncov
https://www.who.int/news/item/30-01-2020-statement-on-the-second-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-outbreak-of-novel-coronavirus-(2019-ncov
https://www.who.int/news/item/30-01-2020-statement-on-the-second-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-outbreak-of-novel-coronavirus-(2019-ncov
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19%2D%2D-11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19%2D%2D-11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19%2D%2D-11-march-2020
https://www.boe.es/boe/dias/2020/03/14/pdfs/BOE-A-2020-3692.pdf
https://www.boe.es/boe/dias/2020/03/14/pdfs/BOE-A-2020-3692.pdf
https://www.boe.es/buscar/pdf/2020/BOE-A-2020-5767-consolidado.pdf
https://www.boe.es/buscar/pdf/2020/BOE-A-2020-5767-consolidado.pdf
https://www.agamfec.com/wp/wp-wpcontent/uploads/2020/06/COVID19_Estrategia_vigilancia_y_control_e_indicadores-1.pdf
https://www.agamfec.com/wp/wp-wpcontent/uploads/2020/06/COVID19_Estrategia_vigilancia_y_control_e_indicadores-1.pdf
https://www.agamfec.com/wp/wp-wpcontent/uploads/2020/06/COVID19_Estrategia_vigilancia_y_control_e_indicadores-1.pdf
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes%20COVID-19/Informe%20COVID-19.%20N%c2%ba%2040_20agosto2020_ISCIII.pdf
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes%20COVID-19/Informe%20COVID-19.%20N%c2%ba%2040_20agosto2020_ISCIII.pdf
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes%20COVID-19/Informe%20COVID-19.%20N%c2%ba%2040_20agosto2020_ISCIII.pdf
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes%20COVID-19/Informe%20COVID-19.%20N%c2%ba%2040_20agosto2020_ISCIII.pdf
https://doi.org/10.2105/AJPH.88.9.1377
https://doi.org/10.2105/AJPH.88.9.1377
https://doi.org/10.1093/oxfordjournals.aje.a009247
https://doi.org/10.1111/1467-985X.00186
https://doi.org/10.1177/003335490612100206
https://doi.org/10.1177/003335490612100206
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC548793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC548793/
https://doi.org/10.1016/j.actatropica.2018.04.023
https://doi.org/10.1016/j.actatropica.2018.04.023
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2679049/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2679049/
https://doi.org/10.1016/j.apgeog.2020.102202
https://doi.org/10.1016/j.apgeog.2020.102202
https://doi.org/10.1016/j.sste.2020.100354
https://doi.org/10.1016/j.sste.2020.100354
https://doi.org/10.3390/ijerph17165911
https://doi.org/10.3390/ijerph17165911
https://www.ine.es/dyngs/INEbase/listaoperaciones.htm
https://www.ine.es/dyngs/INEbase/listaoperaciones.htm
https://cran.r-project.org/package=rsatscan
https://cran.r-project.org/package=ggplot2
https://cran.r-project.org/package=ggplot2
https://cran.r-project.org/package=leaflet
https://cran.r-project.org/package=leaflet
https://cran.r-project.org/package=shiny
https://www.boe.es/buscar/pdf/2020/BOE-A-2020-5895-consolidado.pdf
https://www.boe.es/buscar/pdf/2020/BOE-A-2020-5895-consolidado.pdf
http://www.boa.aragon.es/cgi-bin/EBOA/BRSCGI?CMD=VEROBJ&MLKOB=1119336234545&type=pdf
http://www.boa.aragon.es/cgi-bin/EBOA/BRSCGI?CMD=VEROBJ&MLKOB=1119336234545&type=pdf
https://www.ecdc.europa.eu/sites/default/files/documents/COVID-19-in-occupational-settings.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/COVID-19-in-occupational-settings.pdf
https://www.cdc.gov/mmwr/volumes/69/wr/mm6918e3.htm
https://www.cdc.gov/mmwr/volumes/69/wr/mm6918e3.htm

	Abstract
	Background
	Aim
	Methods
	Results
	Conclusion

	Background
	Methods
	Administrative distribution of Spain
	Data collection and inclusion criteria
	Prospective Poisson space-time scan statistics
	Analysis strategy and data presentation
	Software

	Results
	Epidemic curve and cluster evolution during 2020 summer
	Municipal- level results. June 25th, 2020
	Municipal-level results. August 1st, 2020
	Parameter evolution during the study period

	Discussion
	Evolution of pandemic and populations affected in Spain during 2020 summer
	SaTScan method. Strengths and applications for COVID-19 surveillance

	Method limitations
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

