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Abstract: Contact tracing outcome indicators, such as symptom development (SD) and secondary
attack rate (SAR) among close contacts (CCs), are key to understanding SARS-CoV-2 transmission.
This study analyses SD and SAR and estimates the incubation period (IP) from a cohort of 47,729 CCs
from 17,679 SARS-CoV-2 cases diagnosed in Catalonia (Spain) from May to August 2020. Globally,
19.4% of the CCs reported symptoms, especially adult women living in urban areas. SAR was
24.5%, notably higher among infants (37.6%), and 45.9% of secondary cases (SCs) were asymptomatic.
Household CCs had 98% (OR: 1.98, 95% CI: 1.81–2.18) and 138% (2.38, 2.19–2.58) increased risk of
SD and becoming SCs compared to social settings. The IP was 3.42 days, being 4.10 days among
social CCs, and only 15.4% and 4.8% of SCs developed symptoms after days 7 and 10 of quarantine,
respectively. These results, notably the higher SAR among asymptomatic children, highlight the
importance of diligent monitoring to inform SARS-CoV-2 control strategies.
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1. Introduction

Effectively implemented test–trace–isolate programs against the SARS-CoV-2 pan-
demic can reduce the need for more restrictive, widespread control measures. Such pro-
grams include extensive testing to identify cases in the community; public health agencies
to trace the close contacts (CCs) of these cases; and supported isolation of index cases
and assisted quarantine to their CCs for the period of time that they could be, or become,
infectious [1]. Contact tracing (CT) has a fundamental role in cutting transmission chains to
mitigate or suppress such a highly infectious disease [2]. Therefore, a strong public health
response was built under these principles after the first COVID-19 wave in Europe.

In Spain, the first confirmed case of SARS-CoV-2 was identified on 31 January 2020 [3];
with a clear situation of community transmission, the national government declared a
state of alarm entailing a strict lockdown on 14 March. The strategy led to an inflection
of the epidemic curve, and the lockdown lasted up until 11 May. In the Spanish region of
Catalonia, the decline in cases continued until mid-June; a second wave started throughout
July [4], provoking the implementation of new cluster-tailored confinements and mobility
restrictions. Following international recommendations [5], a COVID-19-specific CT plat-
form was put in place on 20 May with contact tracers deployed at all levels, including a
central call centre, primary health centres, hospitals, and schools. Catalonia’s CT system
was scaled up over time, reaching 916 tracers (2.5 contact tracers per 20,000 population)
in August, but this was still far from the optimal 5 contact tracers per 20,000 inhabitants,
following the Germany model [6].
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CT outcome indicators, namely the symptom development (SD) and secondary attack
rate (SAR) among CCs, are key to understanding SARS-CoV-2 transmission and guide the
CT program towards better performance and effectivity, potentially targeting individuals
or groups in the population at higher risk for worse outcomes. In order to prevent onward
transmission, initial estimates based on the SARS-CoV-2 incubation period concluded that
CCs should quarantine for 14 days since the last exposure with the index case [3,7]. In
2020, during the summer’s second wave, which was beyond the CT programme’s capacity,
many European public health institutions (i.e., France) adapted quarantine periods to more
feasible lengths that could reduce the socioeconomic impact [8].

Published SAR estimates showed the importance of stratifying this indicator given
setting-specific transmission risks [9], with emerging evidence that infection risk among
household CCs could be up to six times higher than in other settings [1]. Moreover, guiding
CC testing policy using SD had to be re-considered, given the unclear role of asymptomatic
transmission, which could account for up to 50% of subsequent infections [10]. In this
context, close contact universal PCR testing was approved in Catalonia on 7 August 2020,
following test market availability, and it was progressively implemented over the following
months. Therefore, all contacts were tested regardless of the presence of symptoms.

There is a clear lack of real-field data on SARS-CoV-2 transmission dynamics and CC
outcomes from 2020 in Catalonia. This information is crucial to guide future public health
measures, their adaptation throughout the pandemic, and harmonisation across regions
and countries. To that end, this study analyses a cohort of CT-identified CCs with the aim
to investigate COVID-19-like SD and assess the SAR, considering different demographic
and epidemiological characteristics. Additionally, the incubation period among secondary
cases (SCs) is estimated, in order to evaluate the pertinence of the CC quarantine length.

2. Methods
2.1. Study Design and Population

We conducted a retrospective-ascertained study of CCs from confirmed SARS-CoV-2
cases managed in Catalonia between 20 May 2020 and 31 August 2020. Contacts stored in
the CT database were included from 48 h prior to the first diagnosed case (on 20 May 2021)
and followed up until 14 days after the last exposure to the index case (until 14 September
2020) [11]. Several exclusion criteria were defined to further determine the cohort, namely
CCs without any SARS-CoV-2 Polymerase Chain Reaction (PCR) test available. Moreover,
temporal filters were applied to ensure the CC PCR results were associated with the index
case exposure of the study and duplicated or erroneous CCs were excluded. Figure 1 shows
a summary of the population selection.

This study followed the STROBE reporting guideline [12], and all methods in the
study were carried out in accordance with the Helsinki guidelines and declaration or any
other relevant guidelines [13,14]. Information was collected using case interviewers and
contact tracers at all surveillance system levels according to the COVID-19 protocol from
the Public Health Agency of Catalonia [12].

2.2. Case Ascertainment and COVID-19 CT Program

A confirmed case met the criteria of COVID-19 notification if tested positive using
PCR, regardless of whether symptomatic or asymptomatic. Case detailed information
was collected as part of the “Case epidemiological interview” COVID-19 protocol [15],
including a listing of CCs and its exposure setting starting 48 h prior to case symptom onset
(extended up to 14 days in case of local outbreak declaration) until the date of case isolation.
If the case was asymptomatic, the period started 48 h prior to the date of microbiological
sample collection.

A CC was defined as an individual who had face-to-face contact with a confirmed case
for more than 15 min within less than a 2-m distance and did not wear appropriate personal
protection equipment [15]. All CCs were notified with a telephonic call at “day 0” in which
14-day quarantine instructions were provided, starting from their last exposure to the
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index case and ending with at least 72 h without symptoms. The information collected
in this initial call, as described in our protocol “Contacts epidemiological interview” [15],
included, among others, the settings of exposure and COVID-19-like symptoms (described
below). CCs were monitored with a follow-up call on days 7 and 14 of quarantine, and a
PCR test for COVID-19 was performed (24–48 h after index case diagnostic or exposure)
only when any COVID-19-like symptoms were detected. Starting on 7 August, the protocol
was updated to perform PCR on all CCs regardless of symptoms (CC universal PCR) [11].
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Figure 1. STROBE flowchart of close contacts (CCs) and its index case (IC) in Catalonia included
in the analysis and the data available for analysis. * Duplicated close contact (CC): a) same CC and
index case (IC) pair (n = 356): CC where the ID number was the same as the IC, meaning already
secondary cases; b) same CC to exposure-related ICs association (n = 4891): same contact ID provided
simultaneously by other index cases (often in household expositions).

Once a CC was identified as a confirmed case, that contact was excluded from the CT
follow-up system (calls on days 0–7–14), and then, the case investigators team would call
the case for an interview instead of the contact tracers team.

Strict General Data Protection Regulation (GDPR) compliance was ensured concerning
the database storage system and solely the CT workforce was granted access. Anonymized
data were used to perform all the analyses.

2.3. Close Contacts’ Assessed Outcomes

SD and the SAR were analysed as part of the monitoring and evaluation of the CT
program. SD was collected using the COVID-19 CT platform. The symptoms suggestive
of COVID-19 included ageusia, anosmia, fever, cough, odynophagia, chill, dyspnoea,
vomiting, diarrhoea, and cephalea. The SAR, defined as the proportion of confirmed
infections among all traced CCs, was calculated by dividing the number of exposed CCs
who tested positive by the total number of exposed CCs to an index case. The incubation
period was estimated as the time difference from the date of last exposure with the index
case up until the date of CC symptom onset (expressed in days). Same-date registries
were computed as day zero, and only exposure dates prior to SD were accounted for. We
restricted the analysis of the incubation period to those CCs that became cases with the date
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of symptom onset and date of last exposure available and that were registered in August
(as the setting of exposure was only collected in this month). Moreover, only positive values
were considered, that is, the date of symptom onset was the same or after the date of the
last exposure to the index case.

The outcome analyses (SD and SAR) were stratified by sex, age, month, and setting of
exposure (available for CCs registered in August, and classified as ‘household’, ‘social’, ‘non-
household/non-social’, and ‘unknown settings of exposure). The ‘non-household/non-
social setting included workplace, transport, school, and social care settings; while ‘un-
known’ included other settings not included in the described ones (such as long-term
health facilities). Household CCs entailed individuals living in the same home regardless
of familiar relations, while meeting sporadically was categorized as social. Moreover,
CCs were classified according to the urban or rural environment, based on the number of
inhabitants of their municipality being higher or lower than 10,000 [16,17]. An additional
sub-analysis of the pre- and post-universal PCR policy instauration period (“before” and
“after” August 7) was conducted to assess any differences in the abovementioned outcomes.

2.4. Statistical Methods

We performed descriptive statistics based on frequencies, for categorical variables,
and mean and median values (including standard deviation (SD) and interquartile range
(IQR), for continuous variables. Statistical differences between symptomatic CCs and
SCs and demographic (age, sex), temporal (month), and territorial (based on the number
of population) characteristics were tested using χ2, Fisher’s exact test, or the Kruskal–
Wallis test at a 0.05 significance level. Logistic regression models were applied to assess
the interrelation of the variables mentioned above (odds ratio (OR) and 95% Confidence
Interval (CI)). All statistical analyses were performed using the R software (version 4.0.3).

2.5. Ethical Considerations

All data used in the analysis were collected during routine public health surveillance
activities, as part of the legislated mandate of the Health Department of Catalonia, the
competent authority for the surveillance of communicable diseases, which is officially
authorized to receive, treat, and temporarily store personal data on cases of infectious
disease. The need for ethical approval for the study and the need for informed consent
both were waived by the ethical committee from the Public Health Agency of Catalonia,
Institutional Review Board. All data were fully anonymized.

3. Results

Between May and 31 August 2020, 287 (59%) out of 52,740 SARS-CoV-2 infection-
confirmed index cases (ICs) had their contacts identified, amounting to 115,741 CCs. After
applying all inclusion and exclusion criteria, 47,729 CCs (41%) related to 17,679 IC (57%)
were enrolled in the study (Figure 1).

3.1. CC Demographic Characteristics by Outcome

Table 1 shows demographic characteristics of CCs by outcome, which is disaggregated
into two periods: pre- and post-universal PCR. A total of 9244 (19.4%) CCs reported SD
throughout the follow-up, 21.2% (4267) during the pre-universal PCR period, and 18.0%
(4977) during the post-universal PCR period. We observed an overrepresentation of women
(20.5% women vs. 18.1% men, p < 0.05) and 0–1-year-old children and adult-aged groups
(20–39 years old) 29.4% and 21.6%, p < 0.05, respectively, reporting symptoms and increas-
ing in the pre-universal PCR period (33.3% in children and 23% in adults 20–59 years).
Statistical differences were observed depending on the setting of exposure, with an in-
creased SD among household CCs (20.6%), when compared to non-household/non-social
and social CCs (13.1% and 11.6%, respectively, p < 0.05). Most of the symptomatic CCs
lived in an urban environment; however, those in rural areas reported fewer symptoms
(19.6% in urban, 17.4% in rural, p < 0.05).
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Table 1. Demographic characteristics of symptomatic close contacts (CCs) and secondary cases before and after the Universal PCR strategy.

SYMPTOMATIC CCs SECONDARY CASES

TOTAL Before After p-Value TOTAL Before After p-Value

n % n % n % n % n % n %

TOTAL 9244 19.4% 4267 21.2% 4977 18.0% <0.05 11,683 24.5% 4998 24.8% 6685 24.2% 0.151
Sex

Males 4060 18.1% 1850 19.8% 2210 16.9%
<0.05

5479 24.5% 2297 24.6% 3182 24.3%
0.151Females 5184 20.5% 2417 22.3% 2767 19.1% 6204 24.5% 2701 25.0% 3503 24.1%

Age group (years)
0–1 150 29.4% 74 33.3% 76 26.4%

<0.05

192 37.6% 87 39.2% 105 36.5%

<0.05

2–5 305 16.8% 156 19.5% 149 14.7% 583 32.1% 256 32.0% 327 32.2%
6–12 534 14.0% 260 16.1% 274 12.5% 1079 28.4% 440 27.2% 639 29.2%

13–19 702 15.1% 315 17.4% 387 13.6% 1139 24.5% 460 25.5% 679 23.9%
20–39 3416 21.6% 1593 23.2% 1823 20.4% 3879 24.5% 1703 24.8% 2176 24.3%
40–59 2952 20.6% 1356 22.3% 1596 19.3% 3267 22.8% 1396 22.9% 1871 22.7%
60–79 995 17.5% 431 18.9% 564 16.5% 1283 22.5% 544 23.8% 739 21.7%
>79 190 17.2% 82 17.9% 108 16.7% 261 23.6% 112 24.4% 149 23.1%

Setting of exposure *
Social 613 11.6% 6 31.6% 607 11.5%

<0.05

823 15.5% 4 21.1% 819 15.5%

<0.05
Household 2572 20.6% 25 20.5% 2547 20.6% 3795 30.4% 36 29.5% 3759 30.4%

Non-household/Non-social 469 13.1% 23 26.1% 446 12.7% 553 15.4% 28 31.8% 525 15.0%
Unknown 2461 21.5% 1084 21.7% 1377 21.4% 2841 24.8% 1259 25.1% 1582 24.5%

Environment ˆ
Urban 8095 19.6% 3655 20.8% 4440 18.7%

<0.05
10.323 25.0% 4386 25.0% 5937 25.0%

<0.05Rural 1552 17.4% 762 21.1% 790 14.8% 1775 19.9% 750 20.8% 1025 19.3%

The p-value corresponds to the difference between the before and after periods. * Setting of exposure only for close contacts registered in August. ˆ Urban and rural environments, based
on the number of inhabitants of the municipality being higher or lower than 10,000.
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The overall SAR was 24.5%, which corresponds to 11,683 CC secondary cases (Table 1).
Notably, the groups of infants (0–1 year, y) and toddlers (2–5 y) had the highest SAR (37.6%
and 32.1%, respectively, p < 0.05). No statistical differences were observed by sex. The SAR
varied greatly by the setting of exposure, ranging from 30.4% among households to 15.5%
in social settings (p < 0.05). To be noted is the fact that households represent the majority
of our sample (August sample distribution: 38.0% household, 16.1% social, 10.9% non-
household/non-social, and 34.9% unknown. While considering pre- and post-universal
PCR, there were almost no differences in SAR (a decrease of 0.6% in the post-universal PCR
period, not statistically significant). Figure 2 reports the odds ratio (and 95% CI) of SD and
SAR by demographic characteristics. Women were 16% more likely to become symptomatic
(OR 1.16, 95% CI: 1.11–1.22), whereas they showed no differential risk of evolving into an SC
(1.00, 0.96–1.04). Infants aged 0 and 1 years old had the highest risk of SD, as we found ORs
below 1 in all categories of age. Similarly, we observed that infants were more susceptible
to infection than toddlers (2–5 y; 0.78, 0.64–0.96) and elementary-school-aged children
(6–12 y; 0.66, 0.54–0.80). When considering the setting of exposure, household CCs had 98%
(1.98, 1.81–2.18) and 138% (2.38, 2.19–2.58) increased risk of becoming symptomatic and
SCs, respectively, compared to social CCs. Moreover, CCs living in urban areas had a 16%
(1.16, 1.09–1.23) and 30% (1.30, 1.27–1.42) increased risk of SD and SAR, respectively, when
compared to rural settings. Moreover, rural-based CCs had a lower SAR compared to urban
(19.9% vs. 25.0%, p < 0.05) (Table 1). Finally, those CCs notified during the pre-universal
PCR period had an 18% decreased risk of SD (0.82, 0.78–0.86); however, no differences were
assessed for the SAR (0.97, 0.93–1.01) (Supplementary Material Figures S1 and S2).
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Figure 2. Forest plot displaying associated odds ratio (OR) and 95% confidence intervals of symp-
tomatic close contacts (CCs) and the secondary attack rate (SAR).

3.2. Symptom Development among Secondary Cases

When assessing the interrelation of the two investigated CC outcomes, over half of
the SCs were symptomatic (6326, 54.1%) (Table 2). Conversely, 68.4% of suspected cases
(i.e., symptomatic CCs) became confirmed (Supplementary Material Table S1). Male SCs
were more likely to be asymptomatic when compared to women (47.9% vs. 44.0%, p < 0.05).
Mid-childhood (62.5%) and adolescents (56.3%) SCs were more likely to be asymptomatic
than adult age groups (average 42.2%). Household asymptomatic SCs were more prevalent
compared to non-household/non-social CCs (50.1% vs. 42.3%, p < 0.05). Moreover, the
proportion of symptomatic SCs slightly increased in the pre-universal PCR period (56.3%)
compared with the post-universal PCR (52.6%), p < 0.05) (Supplementary Material Table S2).
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Table 2. Demographic factors of symptom development among secondary cases reported at the time
of case epidemiological interview.

Asymptomatic Symptomatic
TOTAL p-Value

n % n %

TOTAL 5357 45.9% 6326 54.1% 11,683 -

Sex
Males 2626 47.9% 2853 52.1% 5479

<0.05Females 2731 44.0% 3473 56.0% 6204

Age group (years)
0–1 85 44.3% 107 55.7% 192
2–5 349 59.9% 234 40.1% 583

6–12 674 62.5% 405 37.5% 1079
13–19 641 56.3% 498 43.7% 1139

<0.05
20–39 1643 42.4% 2236 57.6% 3879
40–59 1314 40.2% 1953 59.8% 3267
60–79 534 41.6% 749 58.4% 1283
>79 117 44.8% 144 55.2% 261

Setting of exposure *
Social 381 46.3% 442 53.7% 823

<0.05
Household 1903 50.1% 1892 49.9% 3795

Non-household/Non-social 234 42.3% 319 57.7% 553
Unknown 1254 44.1% 1587 55.9% 2841

Month
May–June 80 30.1% 186 69.9% 266

<0.05July–August 5277 46.2% 6140 53.8% 11,417

* Setting of exposure only for close contacts registered in August.

Results from a subset of 3190 SCs with epidemiological interview data available
showed that the most frequently reported symptoms were fever (53.8%), cough (45.2%),
anosmia (33.3%), odynophagia (30.9%), and ageusia (30.6%) (Figure 3, Supplementary
Material Table S3). We observed sex and age group differences regarding the typology of
symptoms reported (Supplementary Material Table S3a,b). Sore throat, dyspnoea, vomiting,
ageusia, and anosmia were slightly more frequent in women (p < 0.05). Additionally, over
60 years old SCs manifested lower respiratory symptoms (cough and dyspnoea, both
p < 0.05) compared to younger generations, which in turn reported an increased proportion
of upper respiratory symptoms (anosmia, ageusia, and odynophagia, all p < 0.05).
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Figure 3. Typology of COVID-19-like symptoms developed among secondary cases (SCs). Note: SCs
could report one or more symptoms; percentages are calculated from an overall 3190 sample of SCs.
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3.3. Incubation Period of Secondary Cases

In order to investigate SD temporality, the incubation period was investigated using a
subset of 1761 SCs with the date of last exposure to the IC available and estimated at an
average of 3.42 days (SD: 2.96, IQR: 1–5). Given the difficulty in assessing the last exposure
in household CCs, separate estimates were calculated at 4.10 days (SD: 2.91, IQR: 2–6)
among social CCs and 3.80 days (SD: 3.06, IQR: 1–5) for non-household/non-social CCs
(Table 3).

Table 3. Incubation period (expressed in days) among secondary cases by the setting of exposure.

Days
Household Social Non-Household/Non-Social Total

p-Value
n % n % n %

0–4 826 73.9% 233 63.1% 184 68.9% 1243 70.6%

<0.05
5–6 152 13.6% 61 16.5% 34 12.7% 247 14.0%
7–8 73 6.5% 49 13.3% 26 9.7% 148 8.4%

9 23 2.1% 8 2.2% 7 2.6% 38 2.2%
>9 47 3.9% 20 4.9% 18 6.0% 85 4.8%

TOTAL 1121 63.7% 371 21.0% 269 15.2% 1761 100%

We observed a progressive decrease in the percentage of symptomatic CCs throughout
the 14-day quarantine, primarily up until 6 days from IC exposure (Figure 4). Nevertheless,
15.4% of SCs developed symptoms after day 6 and only 4.8% after day 10 of quarantine
(Figure 4). Significant differences by the setting of exposure were observed (p < 0.05), and
non-household CCs were more likely to SD after 9 days and onwards (household: 3.9% vs.
social: 4.9%) (Table 3).

COVID 2023, 3, FOR PEER REVIEW 9 
 

 

 

Figure 4. Temporality of symptom onset from the close contact (CC) date of last date of exposure 

with the index case (IC) by setting of exposure. 

4. Discussion 

The findings of this study provide insight into the epidemiology of COVID-19 in Eu-

rope based on comprehensive surveillance and CT data from the region of Catalonia, 

Spain. The analysis suggests the existence of a substantial variation in an individual’s like-

lihood of SD and SAR. We estimated an overall SAR of 24.5%, in line with similar previous 

CT-based cohorts [18,19], and slightly higher than other studies assuming untested con-

tacts as negative [20], an approach we disregarded especially given the observed high rate 

of asymptomatic positivity. Significant differences were observed among the SAR accord-

ing to the setting of exposure, ranging from 30.4% among households to 15.5% in social 

settings, and are above the results of other studies, such as the pooled 18.1% household-

specific SAR from a recent metanalysis [9]. With a household-predominant cohort, our 

result is at the expense of settings with recognisably lower SAR, such as healthcare or 

nursing home settings [9], which are not addressed in this study. 

Remarkably, we observed a higher SAR (>30%) in under 12-year-old CCs, driven by 

an increased risk of infection among infants (aged 0–1 year) when compared to toddlers 

and elementary-school-aged children, in line with results observed in China [20]. This is 

probably due to the difficulty of infant isolation from parents during the quarantine, and 

underpins the need to provide supported isolation to infected individuals and vulnerable 

groups such as children, making it clear social determinants of health must be included 

as part of pandemic research priorities [21,22]. Furthermore, our results highlight that 

young cohorts should be prioritised for vaccination safety and effectivity trials [23], espe-

cially with the fast-spreading transmission of the new delta variant in UK schools during 

the study period [24]. It should be noted that global vaccination equity is to be balanced 

out and taken into account when designing local interventions [25]. We also found higher 

SAR estimates in urban settings that validate previous results that population density di-

rectly affects SARS-CoV-2 incidence [19]. 

Despite the CT testing policy change on 7 August 2020, evolving into a universal PCR 

testing for all CCs regardless of symptoms, SAR estimates are similar before and after the 

change in that policy (24.8 and 24.2%, respectively). The reason could be that only 3 weeks 

of August of our data belong to the universal PCR period; therefore, differences due to 

this progressive policy implementation may not be reflected in our study. Nonetheless, 

the screening of asymptomatic people during cluster investigations is included in both 

Figure 4. Temporality of symptom onset from the close contact (CC) date of last date of exposure
with the index case (IC) by setting of exposure.

4. Discussion

The findings of this study provide insight into the epidemiology of COVID-19 in
Europe based on comprehensive surveillance and CT data from the region of Catalonia,
Spain. The analysis suggests the existence of a substantial variation in an individual’s
likelihood of SD and SAR. We estimated an overall SAR of 24.5%, in line with similar
previous CT-based cohorts [18,19], and slightly higher than other studies assuming untested
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contacts as negative [20], an approach we disregarded especially given the observed high
rate of asymptomatic positivity. Significant differences were observed among the SAR
according to the setting of exposure, ranging from 30.4% among households to 15.5%
in social settings, and are above the results of other studies, such as the pooled 18.1%
household-specific SAR from a recent metanalysis [9]. With a household-predominant
cohort, our result is at the expense of settings with recognisably lower SAR, such as
healthcare or nursing home settings [9], which are not addressed in this study.

Remarkably, we observed a higher SAR (>30%) in under 12-year-old CCs, driven by
an increased risk of infection among infants (aged 0–1 year) when compared to toddlers
and elementary-school-aged children, in line with results observed in China [20]. This is
probably due to the difficulty of infant isolation from parents during the quarantine, and
underpins the need to provide supported isolation to infected individuals and vulnerable
groups such as children, making it clear social determinants of health must be included as
part of pandemic research priorities [21,22]. Furthermore, our results highlight that young
cohorts should be prioritised for vaccination safety and effectivity trials [23], especially
with the fast-spreading transmission of the new delta variant in UK schools during the
study period [24]. It should be noted that global vaccination equity is to be balanced out
and taken into account when designing local interventions [25]. We also found higher SAR
estimates in urban settings that validate previous results that population density directly
affects SARS-CoV-2 incidence [19].

Despite the CT testing policy change on 7 August 2020, evolving into a universal PCR
testing for all CCs regardless of symptoms, SAR estimates are similar before and after the
change in that policy (24.8 and 24.2%, respectively). The reason could be that only 3 weeks
of August of our data belong to the universal PCR period; therefore, differences due to
this progressive policy implementation may not be reflected in our study. Nonetheless,
the screening of asymptomatic people during cluster investigations is included in both
periods, pre- and post-universal PCR. However, we did observe an effect in the higher
proportion of asymptomatic SCs detected, probably related to the sustained increase in
testing capacity over the months of July and August 2020 (43.7% pre-universal PCR vs.
47.4% post-universal PCR; Table 2). Detecting asymptomatic infections is a key element for
epidemic control, as some studies suggest that up to 50% of subsequent infections would
have originated from exposure to individuals without symptoms [10]. In a concurrent study,
36% of children (<18 years) who tested positive for SARS-CoV-2 reported no symptoms;
moreover, the authors highlighted this is likely an underestimation of the true prevalence
of asymptomatic SARS-CoV-2 infection, as those without symptoms are much less likely to
seek testing [26]. Thus, we propose an all-encompassing testing policy that would provide
the highest impact on young cohorts. Moreover, our results showed that CC testing based
solely on symptom development is not a reliable strategy, given that over 30% of CCs
reporting symptoms do not become SCs after testing and, conversely, 45.9% of detected
SCs were asymptomatic.

The testing strategy is in itself related to the incubation period and, therefore, the
quarantine length. We observed a low fraction of SCs developing symptoms between day 6
(7 days quarantine) and 9 (10 days quarantine), (15.4% and 4.8%, respectively). This result,
when accompanied by timely testing around day 5 or 6 of quarantine, could support the
shortening of quarantine lengths as modelled in a recent study [27]. A similar strategy was
approved early in France on 11 September 2020, with a 7-day quarantine ending with a
PCR test in the case that no symptoms were developed within that period [8]. In Catalonia,
a 10-day quarantine was implemented in October 2020 (except for nursing homes and
other specific situations following epidemiologists’ recommendations) [28]. Moreover, the
differences in the estimated incubation period observed by the setting of exposure open
the floor to discuss potentially differential lengths for household CCs. Testing upon entry
to quarantine, a common practice in our setting, carries a risk of false negatives [18], as
infected individuals who start quarantine very early in the incubation period of the disease
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may not be detected due to low viral load. Our results should be treated with caution, given
the possible role played by new variants and their effects on the incubation period [29].

This study has several limitations. First, SD was self-declared and collected throughout
CC follow-up and case investigation, and SCs were excluded from the CT system after
diagnosis. Moreover, data related to symptom typology was only available for SCs and
probably those hospitalised with severe clinical symptoms were unable to complete case
investigation, and thus assess the specific symptom’s predictive value of SAR. Second,
data on untested CCs, as well as associated CC comorbidities and settings of exposure
before August 2020 were not available, and we could not test differences in the analysed
outcomes. When describing settings of exposure, “unknown” was one of the options used
because the COVID-19 CT platform was not ready to include other settings. To avoid
bias, our cohort sample was processed so that CCs without testing results available after
exposure to a confirmed case would not account for estimated outcomes. Third, the date
of the last exposure to the IC is challenging to interpret in our most represented setting,
the household, limiting a general extrapolation of the disease’s incubation period. To
overcome this limitation, this metric was calculated separately for non-household CCs.
Fourth, although no extensive socioeconomic factors could be explored in the cohort, we
provided an approximation for the importance of environmental factors when assessing
differences in urban and rural settings.

5. Conclusions

In summary, contact tracing is a critical component of an effective public health
response to COVID-19 [30,31]. The results of this study suggest that increasing testing
capacity towards universal CC PCR testing is fundamental to effective CT, and certain
individual and environmental factors might have to be considered to design targeted
strategies, especially among young and asymptomatic CC groups. Moreover, the results
of this study indicate shorter quarantines, and potentially its stratification depending on
special CC subsets, might be effective to reduce the negative socioeconomic impact of
test–trace–isolate programs, although new variants may change this scenario.
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