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Age-dependency of the Propagation Rate of Coronavirus
Disease 2019 Inside School Bubble Groups in Catalonia, Spain
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Background: We analyzed contagions of coronavirus disease 2019 inside
school bubble groups in Catalonia, Spain, in the presence of strong non-
pharmaceutical interventions from September to December 2020. More
than 1 million students were organized in bubble groups and monitored and
analyzed by the Health and the Educational departments.

Methods: We had access to 2 data sources, and both were employed for the
analysis, one is the Catalan school surveillance system and the other of the
educational department. As soon as a positive index case is detected by the
health system, isolation is required for all members of the bubble group, in
addition to a mandatory proactive systematic screening of each individual.
All infected cases are reported. It permits the calculation of the average
reproductive number (R*), corresponding to the average number of infected
individuals per index case.
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Results: We found that propagation inside of the bubble group was small.
Among 75% index cases, there was no transmission to other members in the
classroom, with an average R* across all ages inside the bubble of R* = 0.4.
We found a significant age trend in the secondary attack rates, with the R*
going from 0.2 in preschool to 0.6 in high school youth.

Conclusions: The secondary attack rate depends on the school level and
therefore on the age. Super-spreading events (outbreaks of 5 cases or more)
in childhood were rare, only occurring in 2.5% of all infections triggered
from a pediatric index case.

Key Words: coronavirus disease 2019, schools, transmission, reproductive
number, children, adolescent

(Pediatr Infect Dis J 2021;40:955-961)

he need to implement nonpharmaceutical interventions (NPIs)
to control the unrestrained transmission of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), together with uncer-
tainty regarding the potential of children to foster its transmission,
led governments to hastily close schools globally during the first
wave. Subsequently, there has been a discussion about the advis-
ability of closing schools during the different stages in the evolu-
tion of the pandemic. Children, notably less affected by the health
problems associated with this pandemic' and often infected asymp-
tomatically,? appear to remain as susceptible or less to infection
than adults® and thus could therefore, at least theoretically, still sig-
nificantly contribute to overall community transmission. To what
extent children can efficiently transmit the virus to their peers or
other individuals, and whether children can act, as do adults, as
superspreaders of the infection, remain to be clearly elucidated.*
School closure has significant direct and indirect conse-
quences on the well-being of children and may enhance social ineq-
uities.>® Recently, the European Centers for Disease prevention and
Control recommended school closure as a last resource after the
closure of all other activities except for essential services.” Further-
more, the Centers of Disease Control and Prevention, based in the
United States, recommended that primary schools at least should be
the last settings to close after all other NPIs have been applied.® Some
countries, including Spain, have also considered schools as essential
activities that should therefore remain open with strict NPIs.
In Spain, the use of masks in the school for students older
than 6 is mandatory. Therefore, young children between 3 and 5
years are not required to use masks in schools. This measure has
been combined with the creation of stable “bubble” groups, of a
limited size (generally ~20-30 students and teachers), who remain
closely together and have minimized interaction with other school
members. The 2 measures are combined with standard hygienic
measures and the promotion of indoor space ventilation, in addi-
tion to strict enforcement of nonschool attendance for any sick
child. When one case was detected, because of a contact tracing
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outside the school or the presence of symptoms, the whole bub-
ble group was quarantined for 10 days, and all the individuals of
the bubble group were tested to investigate potential intrabubble
spread; see Figure 1 for an outline of the process of detection and
measures taken. In Catalonia, the region in Spain with the closest
school monitoring and surveillance, the results from the tests are
used to determine the link among the cases inside a classroom and
to differentiate index and secondary cases. The head of the school
directly notifies all index cases and secondary cases to evaluate the
size of the outbreak.

In this study, we analyzed these data from the Catalan edu-
cational system, which currently monitors 1.44 million students,
teachers and other personnel working in 5104 schools, plus public
health open data, with the objective of improving our understand-
ing of secondary attack rates among children.

METHODS

Two data sources were used for the analysis. The first of
these is the Catalan school surveillance system (Tragacovid) of the
educational department® whose data are obtained through the report
provided by each school director as soon as a positive index case
is detected by the health system and communicated to the school.
Once the screening of the remaining bubble members has been
made, the school director needs to report the positive cases that
have been detected through this surveillance system. These cases
(both the index and the secondary ones) are linked to the corre-
sponding bubble groups, allowing identification of the educational
level at which each outbreak occurs. Second, we used surveillance
data provided by the Catalan Agency for Health Quality and Evalu-
ation (AQuAS), which are directly extracted from the health sur-
veillance system. Data from AQuAS were grouped after the age
stages that correspond with the educational cycles: preschool (0-2
and 3-5), primary (6—11), middle (12—-15) and high school (16—17).
These data were used to validate the incidence rates obtained from
the schools’ surveillance system (Tragacovid).’ In this sense, it is
worth mentioning that in Spain, only primary and middle school
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are mandatory, while preschool and high school remain optional.
Therefore, one would expect a high correspondence between the 2
sources at the primary and secondary age stages, while the correla-
tion could be lower at the first and last stages.

The reference population for assessing the relative inci-
dence in each educational level or cycle was obtained from open
data of the educational department (www.educacio.gencat.cat) and
is shown in Table 1. The information on reference populations for
assessing the relative incidences among population age-stages was
also provided by AQuAS, and the data are shown in Table 1.

This analysis focuses on infection data generated during the
first trimester (September to December 2020) in preschools, pri-
mary, middle and high schools, which together account for around
1.09 million students. We did not consider data from professional
cycles (+16 years old), because of the important proportion of older
students which could distort the relation with the estimated age. We
accessed the details on the school, grade and bubble group of each
positive case notified by the school surveillance system (Table 1).
We automatically extracted, for each bubble group, the list of posi-
tive results and sorted them by the test date. We checked each case
sequentially and evaluated whether it corresponded to a new index
case or if was linked to a previous case. The condition for deter-
mining whether 2 cases were temporally linked was the difference
between the 2 dates being less than 10 days. In this case, they were
deemed to be associated with the same outbreak.

We aggregated data for each course level to obtain the tem-
poral dynamics of the outbreak. For each course level, we calcu-
lated the number of infected individuals per outbreak and computed
the reproductive number inside the bubble groups (R*) as the aver-
age number of secondary cases for each index case:

N

where N is the number of index cases corresponding to a
particular course level and Si is the number of outbreaks with i
secondary cases. The distribution of S, is not homogeneous, and
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FIGURE 1. Outline of the protocols and data acquisition process. A: Bubble group made up of 10-30 students. B:
Infection, outside, of an individual of the bubble group, (C) propagation of the disease inside the bubble group, (D)
detection of one of the infected individuals, (E) quarantine of the whole bubble group for 10 days, (F) test of all the
individuals of the group, (G) data acquisition of all the positives per group and school level, (H) data analysis of the
propagation inside the bubble group per school level, (G) data acquisition for age ranges from the general data system,

and (H) data analysis per age range.
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TABLE 1. Organization of Levels and Distribution by Grade and Age of Cases and Reproductive
Number
Level Grade Agef Total Students Index Cases Total Cases R* Population in Each Age Range

Preschool P3 3 63,857 658 823 0.19
P4 4 68,214 698 874 0.20
P5 5 70,878 857 1160 0.28

(3-5) 202.949 218.103
Primary school 1 6 72,503 856 1161 0.28
2 7 72,249 989 1326 0.28
3 8 76,530 1141 1621 0.35
4 9 78,577 1228 1756 0.34
5 10 80,751 1364 1994 0.37
6 11 81,714 1401 2167 0.44

(6-11) 462.324 495.828
Middle school 1 12 84,795 1421 2312 0.51
2 13 84,292 1400 2324 0.53
3 14 84,323 1425 2377 0.57
4 15 82,370 1542 2589 0.57

(12-15) 335.780 323.288
High school 1 16 31,588 914 1536 0.54
2 17 32,858 787 1334 0.58

(16-17) 98.263 148.709

FCorresponds to the age of a student on January 1, 2021 and not considering repeater students.

diverse statistical distributions can be employed to fit such distri-
butions. Later, we employ the Poisson and the negative binomial
distributions. First, the Poisson distribution describes random inde-
pendent events and follows the next distribution:

xR
P(S,=X)= R;!

where R is the mean value, which corresponds to R*, the aver-
age reproductive number. However, the previous distribution can-
not model overdispersed data, to introduce such property we can
employ the negative binomial distribution, limit of the Poisson
distribution when the parameter R results from a distribution,
which reads:

P(S, = X)=

r—1

(X+r—1

Joa-s

where the parameter k corresponds to the dispersion param-
eter and the parameter r reads:

Rk
1—k

where, as in the previous case, R is the mean value, which
corresponds to R*, the average reproductive number.

Catalonia suffered the second wave of SARS-CoV-2 in
autumn 2020. In late October, the cases per 100,000 inhabitants
accumulated in the previous 14 days (A14) peaked at 847, the his-
torical detected maximum. At that time, quarantines of positive
cases and contacts in Catalonia lasted 10 days.

r

RESULTS

Figure 2 compares the daily new cases for the 2 data sources
for the 4 different educational cycles. Despite the different data
sources, a satisfactory overlay of both data is observed. As may be
seen, correspondence of primary level data is extremely high. Pre-
school and high school surveillance curves are below those given
by the health system, which agrees with the fact that these educa-
tional cycles are not compulsory. Therefore, it would be expected
that the number of cases reported by the school surveillance

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

system was lower than the number captured by the health system.
Surprisingly, the number of cases in middle school reported by
the educational surveillance system was higher than that reported
by the health system. This could be explained by the existence
of a certain percentage (estimated at 17%) of students 216 years
old still enrolled in middle school, as they repeated one or more
courses. Such students thus still appear in the middle school statis-
tics in spite of being classified in the 16—17 age group by the health
surveillance system.

The 2 data sources reported an important increase in inci-
dence associated with age. Figure 3 shows the total number of stu-
dents with a coronavirus disease 2019 diagnosis for each school
level. The age-dependency was clear except for high school where
the reduced number of students at such levels could be a differen-
tiating factor.

We obtained the total number of index cases for each
school level (Fig. 3A). There were no secondary cases in 75% +
5% (78.5% primary, 71% secondary) of the index cases (Fig. 3A).
Otherwise, a total of 20% of primary school and 25.5% of middle
school index cases were linked to outbreaks with 2—4 secondary
infected students. Finally, there were some outbreaks with a larger
number of secondary cases, only occurring in 1.5% and 3.5% of the
cases, respectively. In general, we noted that while 70% of the stu-
dents were infected outside of the bubble group, around 30% of the
students could have been infected inside (Fig. 3B). This percent-
age was associated with the age of the group, with 20% and 40%
becoming infected within the bubble group for the youngest and the
oldest grades, respectively. An equivalent description of such infor-
mation is the comparison of the total number of cumulative cases
and index cases during the period of study, shown in Figure 3C. An
average of 1000-2000 students per course level was infected by
SARS-CoV-2 during this period. The reduction in the number of
infected kids for older ages was associated with a decrease in the
number of students attending high school, which is not mandatory
(Table 1). To remove the effect of the difference in population sizes
with the course levels, we calculated the percentage of children as
index or secondary case (Fig. 3D). The percentage of kids acting
as index cases remained roughly constant at 1.7% for >9 years of
age. In contrast, Figure 3D shows that the propagation inside the
bubble was strongly associated with age because the percentage
of secondary cases increased with age, either because children’s
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infectiousness genuinely increases with age or because they were in
higher risk situations that could trigger transmission.

The reproductive number R represents the average number
of individuals infected by an index case. We did not have access
to data on all the infected individuals outside the bubble group,
and therefore, the overall R cannot easily be calculated. However,
we could measure the local reproductive number inside the bubble
group R*; see Methods section. Figure 4A shows that the estimated
value of R* for the different course levels was associated with age
except for the number of kids repeating a course. The average value
of R* was 0.40, and all course-related values of R* were within
the range 0.2—0.6. The most remarkable result was the association
of the linear growth of R* with the increasing age of the students.
While the smallest value of 0.2 corresponded to preschool, the
highest values, around 0.6, were related with high school and the
last years of middle school.

The calculation of the reproductive number R* was obtained
from the distribution of sizes for all the outbreaks observed for a
certain course level; see Figure 4B-I for the cumulative data for
preschool, primary, middle and high school. A sound approach for
the distribution (Fig. 4B-E) is based on a completely random pro-
cess of infection where, for a given probability of infection, the
number of actual infected kids followed a Poisson distribution,
which conveniently fits the data. The Poisson fits properly capture
the large number of outbreaks with small numbers of secondary
cases (1-4), which were actually the majority.

Figure 4B-I shows that the fit of a negative binomial distri-
bution to the distribution of the outbreaks was adequate. The result-
ing values for R* did fit the data values properly, as shown by way
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of comparison. Super-spreading events are thus key to reproducing
the overall dynamics leading to a significant increase in R*. This
can also be easily understood by the high clustering coefficient'!
which in our case corresponds to the 14% and 17% of kids in pri-
mary and middle school, respectively, who generated 80% of the
transmissions inside the bubble group. Note that the great major-
ity of index cases do not produce any transmission (see Fig. 3A).
Therefore, super-spreading events among children remained rare.

DISCUSSION

The satisfactory crosscheck of the 2 data sources allows
confirmation of the validity of the reported incident cases from the
school system, permitting their use for a more thorough statisti-
cal analysis. The differences between the 2 data sources may be
explained by the number of repeating students, which increases
with the school level, and the nonobligatory nature of preschool
and high school.

Some controversy still exists regarding the susceptibility of
kids to becoming infected.*!? Low prevalence of SARS-CoV-2 anti-
bodies in children and parents was found in southwest Germany,
indicating that children did not drive the SARS-CoV-2 spread.!
One possible explanation is related with an antibody-mediated
immune response in children, similar to their confirmed infected
parents and specific to SARS-CoV-2, without virologic confirma-
tion of infection.'* The low values of R* we obtained for preschool
period (3—5 years), with students not wearing masks inside the bub-
ble group, are in concordance with previous studies.

The dependence of the susceptibility on age may be evaluated
from the number of index cases in schools. Our analysis shows that

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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there is a constant percentage of index cases for ages older than 9,
and this could indicate that the inclusion of index cases in the bub-
ble group is independent of age (for age >9 years), and therefore,
the probability of getting infected outside of school (typically from
an adult at home)' is constant and independent for older children.'¢
The total number of index cases for each level depends on the inci-
dence outside of school; therefore, it indicates that for age >9 years,
the probability of introducing the virus inside the bubble group
depends only on the incidence outside.

The value of R* observed is in agreement with other val-
ues in the literature. For example, in another study, also in Cata-
lonia, a value of R* = 0.3 was found in summer camps'’” when the
weather was better and outdoor activities more common. Again in
summer, but in England, larger values were obtained R* = 1'® prob-
ably because of less common use of masks inside the groups. Low
transmission and smaller values of R* were found in other studies."

The estimated value of the reproductive number could be
even lower for 2 reasons. First, because of the possible presence
of infected but asymptomatic kids who do not transmit the virus
inside the bubble group and who are not detected by an external
contact tracing. In this case, the classmates would not be screened,
and both the original case and the potential infected mates would
remain undetected. Note that the probability of detection of an ini-
tial case in a bubble group, which triggers the group screening,
increases with the number of infected individuals in the bubble.
Therefore, it is possible that some outbreaks with small numbers of
infected individuals or just a single index case may be more easily
unnoticed. Second, some outbreaks may be caused by 2 individu-
als who are independently infected simultaneously, in particular in

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

cases of large community incidence, which our method is unable
to discern.

The reproductive number inside the bubble group (R*) in
Catalonian schools during the second wave of the epidemic has
been rather small and increased importantly with age. This fact
lends support to the idea that, when strict safety measures are imple-
mented for students and staff, schools, especially primary schools,
are not the drivers of the SARS-CoV-2 transmission. A similar phe-
nomenon has been observed in schools in the United States® where
masks were extensively employed. The number of outbreaks does
depend on the underlying community incidence because, by defini-
tion, the index cases are always imported from outside the bubble
group. However, the reproductive number does not substantially
change during the period of analysis, and therefore, R* does not
depend on the entry of new cases or local incidence. Finally, note
that the data from September to December do not reflect the incre-
mental proportion of the more infectious variants circulating,?' as
observed in 2021 in Spain.

Propagation is heavily affected by the presence of super-
spreader events, which are responsible for a substantial increase
in the value of R*. The use of the logarithm axis in Figure 4F-I
permits us to visualize the distribution of outbreaks with large
numbers of cases. This representation of the data shows the fail-
ure of the Poisson distribution in the description of the distribution
of outbreaks with large numbers of secondary cases—greater than
4—and therefore explains the failure in the estimation of the value
of R*. To recover the distribution for large number of secondary
cases, we need a different distribution function—for example, the
negative binomial distribution, which incorporates super-spreading
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situations. The presence of a small number of large clusters of
infection is not a statistical fluctuation, and it may be related with

unusual situations—for example, insufficiently ventilated class- 2
rooms or high-risk activities outside of school. Adherence to these
measures seems, therefore, critical and may depend on the age. 3
In conclusion, after the validation of the data from the edu-
cational system, we obtained the propagation properties inside the
. . . . 4.
bubble groups. We saw an increase in the propagation of the disease
with the age of the bubble groups. Furthermore, the low reproduc-
tive number obtained indicates that schools are not the drivers of
SARS-CoV-2 transmission, at least under the restriction measures 5
employed during the time period which this study considered.
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