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Background: Contact tracing was one of the central
non-pharmaceutical interventions implemented world-
wide to control the spread of SARS-CoV-2, but its
effectiveness depends on its ability to detect contacts.
Aim: Evaluate the proportion of secondary infections
captured by the contact tracing system in Geneva.
Methods: We analysed 166,892 concomitant infec-
tions occurring at the same given address from June
2020 until February 2022 using an extensive opera-
tional database of SARS-CoV-2 tests in Geneva. We
used permutation to compare the total number of sec-
ondary infections occurring at the same address with
that reported through manual contact tracing. Results:
Contact tracing captured on average 41% of secondary
infections, varying from 23% during epidemic peaks
to 60% during low epidemic activity. People living in
wealthy neighbourhoods were less likely to report
contacts (odds ratio (OR): 1.6). People living in apart-
ment buildings were also less likely to report contacts
than those living in a house (OR: 1.1-3.1) depending
on the SARS-CoV-2 variant, the building size and the
presence of shops. This under-reporting of contacts
in apartment buildings decreased during periods of
mandatory wearing of face masks and restrictions
on private gatherings. Conclusion: Contact tracing
alone did not detect sufficient secondary infections
to reduce the spread of SARS-CoV-2. Campaigns tar-
geting specific populations, such as those in wealthy
areas or apartment buildings, could enhance cover-
age. Additionally, measures like wearing face masks,
improving ventilation and implementing restrictions
on gatherings should also be considered to reduce
infections resulting from interactions that may not be
perceived as high risk.
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Introduction

In response to the COVID-19 pandemic in early 2020,
many governments around the world implemented a
large panel of measures, including non-pharmaceutical
interventions (NPI) [1,2] to try to reduce the spread
of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2). These interventions included lock-
downs, contact tracing, travel restrictions, school or
public building closures and bans on large events, all
of which had varying effect on disease transmission [1].

Among the NPI, contact tracing rapidly became a key
method of limiting virus transmission [3]. The idea of
contact tracing is to reduce the onward spread of the
virus by people who have been in contact with an
infected index case, by limiting their ability to poten-
tially infect others [4] through reducing social interac-
tion and increasing protective measures (face masks,
room ventilation). Contact tracing can be manual, semi-
automated after a positive test result, or based on a
mobile app. It can be initiated by health authorities
(state-initiated), or by individuals (citizen-initiated).
Finally, contact tracing can be extended forward to find
contacts of the index case that can become infected,
or backward to look for the contacts that contaminated
the index case. Although theoretically effective [s5],
backward contact tracing was of limited use during the
COVID-19 pandemic [6].

Forward contact tracing is highly effective only if all
contacts are identified (by the index case or by an app),
notified before they become contagious [7] and com-
ply with protective measures (quarantine, face masks).
In real-world settings, however, the true effective-
ness of contact tracing for SARS-CoV-2 is estimated to
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KEY PUBLIC HEALTH MESSAGE

What did you want to address in this study?

During the COVID-19 pandemic, contact tracing emerged as a key tool to control the spread of SARS-CoV-2.
Its effectiveness is closely tied to its ability to identify contacts. We wanted to estimate how many infected
people were detected by contact tracing, specifically, among people infected by another person living at the
same address, and identify the factors associated with reporting contacts.

What have we learnt from this study?

On average, only 41% of people infected by someone living at the same address were reported by the person
who infected them. Infected contacts were less likely to be reported by people in wealthy neighbourhoods,
or who lived in apartment buildings with shops, except during periods with gathering restrictions and
mandatory mask-wearing.

What are the implications of your findings for public health?

Ourfindings suggest that contact tracing alone was insufficient to prevent the spread of SARS-CoV-2. Contact
tracing could be improved by targeting populations with high under-reporting and should be complemented
by public health policies such as masking, air cleaning and clearing, or gathering restrictions to reduce the

number of unnoticed infections.

\ v

range from a 63% reduction in new infections to no
discernible difference [8] depending on the study and
country involved. Contact tracing apps for SARS-CoV-2
have received much attention during the COVID-19 pan-
demic [9]. They were developed in different countries
[10] and were shown, in controlled settings, to poten-
tially have a large effect on reducing the virus spread
[11]. Nevertheless, ecological studies reported vary-
ing effectiveness, from 45%, upon proper uptake and
adherence [11], to very low ranging from 0.1-11% of
additional infections detected by digital contact trac-
ing alone [12].

There are several reasons for the relatively low effec-
tiveness of contact tracing during the pandemic. First,
contacts may not follow local recommendations, for
instance they may evade quarantine or not use protec-
tive measures such as face masks. Second, the delay
in notification and the number of contacts identified
[13] may limit its effectiveness, since each new contact
requires a minimum amount of time to be reached [14]
and not all contacts can be reached in time to apply
effective measures against the spread of SARS-CoV-2.
Third, there could be intentional or un-intentional
under-reporting. In other words, an index case may
intentionally not declare contacts, or they could simply
not be aware of being in contact with someone. Indeed,
airborne transmission is the main contamination route
of SARS-CoV-2 [15,16], and multiple examples of con-
tamination across enclosed spaces without direct
encounters between index and contact cases have
been reported, such as contamination in corridors [17],
shared spaces [18], via room ventilation systems [19] or
even an air leak through a roof [20].

The aim of this study is to estimate the number of sec-
ondary infections captured by contact tracing, occur-
ring at the same address as an index case, and identify
factors associated with their detection.

Methods

We used permutation statistics on more than 142,000
reported infections to estimate the number of sec-
ondary infections occurring at the same address as
an index case. Using contact information provided by
index cases, we estimated the number of infections
that had been declared as contacts and assessed their
association with demographic and socioeconomic
characteristics.

Data

We used all registered tests performed by per-
sons living in the state of Geneva, Switzerland, from
the Actionable Register of Geneva Outpatients and
Inpatients with SARS-CoV-2 (ARGOS) register [21],
which is an ongoing operational COVID-19 database
created by the Geneva Directorate of Health. The reg-
ister contains sociodemographic details, baseline and
follow-up COVID-19-related health indicators and con-
tact information.

Setting and study period and

Genevais a mainly urban state of 511,921 inhabitants as
by the last census in December 2021, and with a high
population density of 13,000 inhabitants per square
kilometre. It is divided geographically into 417 adminis-
trative neighbourhoods (sous-secteurs) with a median
population of around 1,000 persons. Each address in
the dataset was geocoded using an exhaustive list
of addresses in the State of Geneva, and each neigh-
bourhood area was associated with a socioeconomic

www.eurosurveillance.org

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2024.29.3.2300228&domain=pdf&date_stamp=2024-01-18

Box

Periods defined by dominant SARS-CoV-2 variant
circulation for the study

®1 June 2020-5 January 2021: SARS-CoV-2 EU
variants (Pango lineage designation B.1.177
(EU1) and B.1.620 (EU2))

6 January 2021-14 June 2021: SARS-CoV-2
Alpha variant (Pango lineage designation
B.1.1.7)

e15 June 2021-17 December 2021: SARS-CoV-2
Delta variant (Pango lineage designation
B.1.617.2)

¢18 December 2021- 1 February 2022: SARS-
CoV-2 Omicron variant (Pango lineage designa-
tion B.1.1.529, mainly variant BA.1 circulating)

PANGO: Phylogenetic Assignment of Named Global Outbreak.

indicator provided by the Center for Territorial Analysis
of Inequalities (hereafter the CATI-index) ranging from o
(wealthiest) to 6 (poorest). This index was then divided
into four further categories, similar to a previous study
[22] (see details in the Supplementary material).

We used all data from 1 June 2020 to 1 February 2022
that included an address (3.4% of the reported infec-
tions did not have an address). As the data from the
ARGOS register did not contain information about the
SARS-CoV-2 variant type, we divided the study into peri-
ods of predominance of SARS-CoV-2 variants. Similar
to another study based on the same data [23], we mod-
elled the evolution of variants based on the data pro-
vided by Covariants [24] and the Global Initiative on
Sharing Avian Influenza Data [25] in the Geneva region
and defined the periods when respective variants were
above 50% of all circulating variants (Box).

Details about the calculations, the different NPIs in
place during these periods and the vaccine used in
Geneva have previously been reported [23] and are
available in the Supplementary material.

Definition, declaration and follow up of
contacts

In Geneva, every person who tested positive for SARS-
CoV-2 was legally obligated to declare their contacts.
Contacts were defined by the Swiss Confederation as
persons having had an interaction with the infected
person for a duration of at least 15 minutes at a dis-
tance of less than 1.5 m, up to 48 hours before the
index case’s symptoms, or in absence of symptoms, up
to 5 days after the index case’s positive test.

After contact tracing was implemented in Geneva on 27
April 2020, declared contacts were obligated to quaran-
tine for 10 days. Children under 12 years were exempt.
From 8 February 2021, declared contacts could shorten
their quarantine by providing a negative nasopharyn-
geal or oropharyngeal SARS-CoV-2 PCR test on day 7.

www.eurosurveillance.org

Quarantine was shortened to 7 days on 31 December
2021 and to 5 days on 12 January 2022. By the end of
2021, vaccinated persons (at least 2 doses of mRNA
vaccine i.e. Moderna mRNA-1273 or Pfizer BNT162b2,
or one dose of Janssen Ad26.COV2-S vaccine) or per-
sons with a positive SARS-CoV-2 test within the last
4 months were not obligated to quarantine after con-
tact with an infected case. From October 2020, health
professionals were allowed to work even if they were
contacts of an infected person. However, they were
systematically tested by their institution, and if tested
positive, had to isolate for at least 48 hours. They could
go back to work after 48 hours if they only had mild
symptoms and no fever, while pursuing barrier meas-
ures (wearing face masks, eating alone) during at least
7 days when caring for patients. A graphical timeline is
provided in the Supplementary material to summarise
the changes in quarantine rules.

In January 2021, an anthropologist was hired by the
Geneva Directorate of Health, who trained the contact
tracing team in motivational interviewing and per-
formed a field study to understand the barriers and
facilitating factors to declaring one’s contacts.

Contact information was initially collected by tele-
phone interviews of index cases (February 2020 to end
of April 2020). From May 2020, index cases could pro-
vide their contacts’ names and phone numbers via an
online form and information was completed when the
index case was called. Contacts were sent a message
telling them they were a contact and should quarantine,
and were then contacted by phone. Additionally, an
online form was implemented at the end of September
2020 to support the phone calls, where the contacts
could complete the required information themselves.
From mid-December 2021, the phone calls could not be
maintained due to the high number of cases. Therefore,
contact information was only obtained from the online
forms.

Outcomes: secondary infections occurring at
the same address and absence of reporting
Coverage of contact tracing can be estimated by divid-
ing the number of infections captured by the contact
tracing by the total number of infections recorded.
Although simple, this method has two caveats. First,
Geneva is a region that shares its border with France.
As a result, its population is increasing due to workers
commuting between the two countries. France has its
own contact tracing system, which makes the number
of secondary infections of French citizens working in
Geneva difficult to estimate. Secondly, this calculation
does not allow us to consider modifiable factors such
as socioeconomic or living conditions. We thus decided
to restrict our study to secondary infections occurring
at the same address as an index case, in Geneva,
which will be our primary outcome.

To estimate contact tracing coverage, we first identi-

fied concurrent infections of two persons living at the
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TABLE 1

Characteristics of the addresses where at least one concurrent infection occurred, during the overall period (overall),
stratified by SARS-CoV-2 variant, Geneva, Switzerland, June 2020-February 2022 (n = 25,297)

Address characteristics

SARS-CoV-2 variant

Alpha Delta Omicron

Number of addresses 2,805 5,007 10,788
Median number of concurrent infections 00 (1.00-6.00) | 2.00 (1.00-4.00) 1.00 2.00 (1.00-4.00) | 3.00 (1.00-10.00)
per address (IQR) 3 : : ' -00=4. (1.00-3.00) : ’ 4- 3 ' :
CATI-index n % n % n % n % n %
0 9,238 37.0 2,334 35.6 936 | 33.6 1,881 38.0 4,087 383
1 3,939 15.8 992 15.1 476 17.1 773 15.6 1,698 15.9
2-3 4,419 17.7 1,206 18.4 496 17.8 844 17.0 1,873 17.6
4—-6 7,360 29.5 2,027 30.9 874 31.4 1,456 29.4 3,003 28.2
Building type n % n % n % n % n %
Family houses (reference) 4,010 15.9 873 13.2 397 14.1 838 16.7 1,902 17.6
House with isolated persons 726 2.9 250 3.8 79 2.8 108 2.1 289 2.7
Building without shops

8,076 31.9 2,021 30.5 826 29.4 1,548 30.8 3,681 34.0
less than 4o inhabitants
Building without shops

5,029 19.9 1,444 21.8 687 24.4 1,075 21.4 1,823 16.8
more than 4o inhabitants
Building with shops

4,256 16.8 1,14 17.3 406 14.4 757 15.0 1,951 18.0
less than 4o inhabitants
Building with shops

3,200 12.6 888 13.4 417 14.8 705 14.0 1,190 11.0
more than 4o inhabitants

CATI: Center for Territorial Analysis of Inequalities; IQR: interquartile range.
CATl-index is the socioeconomic index of the neighbourhood, with o the wealthiest and 6 the poorest.

same address and having a positive SARS-CoV-2 test
result less than 10 days apart. The date associated with
the concurrent infection was the middle date between
the two test results. We then used the exhaustive
list of declared contacts to define the binary variable
‘absence of reporting’ as being o if the concurrent
infection was captured by the contact tracing and 1
otherwise. We considered the possibility that the con-
current infection had been declared either by the index
case or the contact and did not restrict to any specific
form of relationship type declared by the index case.
Concurrent infections capture both infections that are
related due to living at the same address (secondary
infections), and infections that occur by chance at the
same address (concomitant infections, i.e. two persons
living at the same address can be infected 10 days
apart by other persons elsewhere).

= + .
concurrent secondary concomitant

In order to determine the number of secondary infec-
tions, we first estimated the number of concomi-
tant infections corresponding to the null hypothesis
that there are no excess infections due to living at
the same address (Ho: N__ .. = o). In other words,
under this null hypothesis, concurrent infections
occurring at the same address are due to chance
only (N_ .ent concomitand)- P€TMUtation techniques
can be used to estimate the frequency of concurrent

infections under the null hypothesis [26]. This consists
of permuting randomly (sampling without replacement)
each person’s address and then computing the num-
ber of concurrent infections at the same address. This
gives us the number of concomitant infections, that is
the number of infections occurring at the same address
only by chance (because the addresses were per-
muted). We then estimated the number of secondary
infections occurring at a given address as the differ-
ence between the raw number of concurrent infections
at a given address, obtained from the ARGOS register,
and the ones obtained by permutation. We performed
1,000 permutations and operationalised the estima-
tion of secondary infections as the median value of
the difference obtained. To account for potential con-
founding, addresses were permuted within each neigh-
bourhood and within each type of residential building.
Permuting within each type of neighbourhood allows
us to avoid confounding caused by the socioeconomic
condition of the neighbourhood or by shared services,
such as schools, grocery stores and some public trans-
portation. Permuting within each residential building
type allows us to avoid confounding caused by the
association between concomitant infections and the
size of the building. Indeed, the probability of having
a concurrent infection by chance for two persons living
at the same address is higher in a large building than
in a small house.
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TABLE 2

Number of persons infected at the same address 10 days apart, in the ARGOS register and when permuting addresses,
Geneva, Switzerland, June 2020-February 2022 (n = 25,297 addresses)

Infection and contagion characteristics at the

same address

SARS-CoV-2 variant

Alpha Delta Omicron

Estimated contagions at the address (95% Cl) (47,:94750,529)

Number of raw concurrent infections 166,892 38,562 9,551 19,382 99,397

Number of concurrent infections in 117,617 22,722 2,484 9,499 82,912

permutations (95% Cl) (118,945-116,363) | (23,041-22,412) | (2,573-2,398) | (9,714-9,306) | (83,617-82,247)
49,275 15,840 7,067 9,883 16,485

(15,521-16,150)

(6,978-7,153) | (9,668-10,076) | (15,780-17,150)

Number of contacts declared living at the

2
same address 0,990

5,341 3,687 5,085 6,877

Percentage of contagions declared (95% Cl) 42.6% (41.5-43.8)

52.2% 51.5%
(51.5-52.8) (50.5-52.6)

33.7%

(33.1-34.4) 41.7% (40.1-43.6)

Cl: confidence interval.

Estimations for permutation are the median of 1,000 permutations given with their percentile confidence intervals (2.5%-97.5% range).

Statistical analysis

Descriptive statistics were provided with counts and
proportions for categorical variables, and with median
and inter quartile ranges (IQR) for continuous variables.
For secondary infections occurring at the same address,
95% confidence intervals (Cl) were operationalised as
the 2.5% and 97.5% quantile of the difference between
the number of concurrent infections at a given address
and the concomitant infections obtained by permu-
tation. This analysis was stratified by SARS-CoV-2
variants.

To examine the association of gender, vaccination,
living characteristics and socioeconomic character-
istics with potential under-reporting of contacts, we
calculated their odd ratios. To do so we applied for
each permutation a generalised linear model using
the absence of reporting as outcome, with CATI-index,
type of residential building, number of people living
at the address, vaccination status of the two persons
of the concurrent infection dyads and their gender as
covariates and ‘absence of reporting’ as the independ-
ent variable. Vaccination status was recalculated for
each permutation at the date of corresponding concur-
rent infection. The final estimates of the model were
given by the median and 2.5% and 97.5% quantiles of
the differences between the estimates obtained for the
raw dataset and the ones obtained for each of the per-
muted datasets.

All analyses were performed using R software version
4.1.0 [27], and the University of Geneva high-perfor-
mance computing cluster Baobab.

Covariates

Vaccination status was operationalised as fully vacci-
nated if both persons were vaccinated with at least one
dose, mixed if one of the two was vaccinated with at
least one dose and not vaccinated if neither were vacci-
nated. Vaccination status was calculated at the date of
secondary infection. Sex was operationalised as male
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if both persons were male, female if both were female
and mixed otherwise.

As contact tracing coverage may be influenced by the
number of social interactions and the environment of
the encounter, we categorised the type of dwelling in
terms of both the population living at the address and
the type of residential building. We thus decided to con-
sider addresses where two or fewer people lived, sepa-
rately from larger households or apartment buildings,
since they were less likely to have social interaction
with people living with them. We also distinguished
between residential buildings containing shops, and
ones without. The type of building was therefore oper-
ationalised into six categories (detailed explanation in
the Supplementary material), in buildings with up to 2
inhabitants: (i) houses with isolated persons, in build-
ings with more than 2 inhabitants: (ii) houses (family
houses); (iii) buildings with no shops and less than
40 inhabitants; (iv) buildings with no shops and more
than 4o inhabitants; (v) building with shops and less
than 4o inhabitants; (vi) building with shops and more
than 4o inhabitants.

Of note, in the Geneva region, buildings in the city
often have shops on the ground floor unlike buildings
in more rural areas.

Sensitivity analysis

The delay between two positive tests at the same
address used to define concurrent infections was set
in the main analysis as twice 5 days - the mean incuba-
tion period of early variants [28]. As this delay could
influence our results, we performed two sensitiv-
ity analyses by defining concurrent infections with a
shorter delay of 6 days (twice 3 days) or 14 days (twice
7 days) between the two positive tests.

Results

Over the period of this study, 25,297 addresses had
reported at least two persons with a positive SARS-
CoV-2 test result less than 10 days apart (i.e. at least
one concurrent infection, Table 1). The median number
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FIGURE

Monthly evolution of contact tracing coverage (A) and of the number of positive COVID-19 tests in Geneva (B)

Contact tracing coverage (%)

Jul Aug Sep Oct Nov Dec Jan Feb

2020

Mar Apr  May Jun Jul Aug Sep Oct Nov Dec Jan Feb

2021 | 2022 |

Month and year

Number of cases

Jul Aug Sep Oct Nov Dec Jan Feb

Jun

2020

SARS-Cov-2 variants M EU

of concurrent infection dyads at these addresses was 3
(inter quartile range (IQR): 1-6), although it was lowest
during the Alpha wave (median: 1, IQR: 1-3) and high-
est during the Omicron wave (median: 3, IQR: 1—10). The
addresses were mainly situated in the wealthiest (37%)
and poorest areas (30%) and concerned a median of 29
(IQR: 13-47) persons, with no notable change across
time. The main type of residential building were build-
ings with no shops and less than 40 inhabitants (32%),
followed by buildings with shops and less than 40
inhabitants (17%), family houses (16%), buildings with
shops and more than 4o inhabitants (13%) and houses
with maximum 2 persons (3%).

Excess concurrent infections

During the period of interest, 166,892 raw concurrent
infections occurred (Table 2). The null hypothesis esti-
mation yielded 117,617 (95% Cl: 116,363-118,945) con-
current infections. The estimated excess number of
concurrent infections occurring at the same address

was 49,275 (95% Cl: 47,947-50,529).

Mar Apr  May Jun  Jul Aug Sep Oct Nov Dec Jan Feb
2021 | 2022|
Month and year
B Alpha E Delta I Omicron

Proportion of infections reported through
contact tracing

Declared contacts (n 20,990), living at the same
address as their index case and who became positive
less than 10 days following the index case’s test result
accounted for 42.6% (95% Cl:41.5-43.8) of the esti-
mated concurrent infections. This percentage was at its
lowest during the EU variant wave with 33.7% (95% Cl:
33.1-34.4), rose above 50% during the Alpha and Delta
waves (52.2%, 95% Cl: 51.5-52.8 and 51.4%, 95% Cl:
50.4—52.6, respectively) and decreased to 41.8% (95%
Cl: 40.0—43.6) during the Omicron wave.

The monthly evolution of this percentage of infections
captured by contact tracing fluctuated between 67%
and 23% (Figure) and tended to be lower when the
number of COVID-19 cases was high. The lowest num-
bers of declared contacts reported were observed dur-
ing the two periods where there were more than 10,000
COVID-19 cases per month (the peak of the EU wave
and the end of the Delta/start of the Omicron wave).
Of note, the strongest increase of the rate of declared
contacts reported was in January 2021, increasing from
23% to 50%.
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TABLE 3

Results of the multivariable generalised model for under-reporting of the secondary SARS-CoV-2 infections, Geneva,

Switzerland, June 2020-February 2022 (n = 25,297)

VEUEDL]E

Alpha

SARS-CoV-2 variant
Delta
95% ClI

Omicron

95% Cl (0] 95% Cl

Contact age in years (reference: 17-65)
0-16 1.25 | 0.91-1.65 1.16 0.91-1.5 1.17 0.97-1.42 1.09 0.89-1.31
2 65 0.94 | 0.62-1.31 0.9 0.39-1.6 0.87 0.44-1.36 1.12 0.69-1.68
Index age in years (reference: 17-65)
0-16 1.14 | 0.78-1.53 1.23 0.91-1.64 0.98 0.8-1.18 1.27 1.07-1.56
> 65 0.95 | 0.63-1.3 0.9 0.37-1.58 0.88 0.46-1.4 0.71 0.32-1.18
CATl-index (reference: o)
1 0.9 | 0.69-1.15 0.8 0.57-1.08 0.88 0.69-1.14 0.83 0.67-1.04
2-3 0.68 | 0.5-0.88 0.86 0.62-1.16 0.87 0.69-1.14 0.77 0.62-0.98
4—-6 0.64 | 0.5-0.81 0.65 0.48-0.86 0.66 0.51-0.84 0.59 0.47-0.72
Sex (reference: male-male)
Female-female 1.17 | 0.84-1.76 0.97 0.68-1.32 1.34 1.02-1.85 1.06 0.81-1.36
Mixed 1.22 | 0.9-1.68 1.12 0.83-1.49 1.22 0.92-1.58 1.06 0.86-1.31
Type of building (single house)
House with isolated persons 1.94 | 0.77-4.14 1.52 0.47-5.33 3.56 1.2-9.2 2.26 1.02-4.33
Building without shops
1.12 | 0.74-1.78 0.77 0.41-1.46 1.12 0.72-1.76 1.17 0.82-1.69
less than 4o inhabitants
Building without shops
1.79 | 1.15-2.99 1.03 0.59-1.82 1.68 1.12-2.6 2.05 1.45-3.03
more than 4o inhabitants
Building with shops
1.85 | 1.17-2.93 1.24 0.66-2.23 1.94 1.2-3.12 2.38 1.66-3.47
less than 4o inhabitants
Building with shops
2.57 | 1.65-4.04 1.08 0.61-1.99 2.04 1.3-3.27 3.13 2.19-4.66
more than 4o inhabitants
Vaccination status (both not vaccinated)
Index: not vaccinated;
0.66 0.2-1.39 0.86 0.64-1.13 0.83 0.65-1.06
Contact: vaccinated
Index: vaccinated;
NA 0.21-1.31 0.7 0.51-0.91 0.84 0.66-1.05 0.66-1.05
Contact: not vaccinated
Index: vaccinated;
0-5.23 0.97 0.68-1.35 0.9 0.71-1.13 0.71-1.13
Contact: vaccinated

CATI: Center for Territorial Analysis of Inequalities; Cl: confidence interval; NA: not applicable; OR: odds ratio.
OR with a 95% confidence interval not encompassing 1 are presented in bold.

Determinants of absence of reporting

When compared with the adult age category (17-65
years old), a contact child (age under 17) tended to
have more chance of being under-reported during
early SARS-CoV-2 variants. During the EU and Omicron
waves, an index case younger than 17 was less likely
to have their contacts reported (odds ratio (OR): 1.27,
95% Cl: 1.07-1.56 during Omicron variant circulation).
The socioeconomic status of the neighbourhood had a
strong ‘dose-response’ association with under-report-
ing: persons from the poorest neighbourhood were
less likely to under-declare their contacts, with an OR
0f 0.59 (95% Cl: 0.47-0.72) for the most disadvantaged
neighbourhood during the Omicron wave (Table 3).

www.eurosurveillance.org

During the EU, Delta and Omicron waves, under-report-
ing was found to be significantly affected by type
of residential building. When compared with family
houses, under-reporting increased with the number
of inhabitants in buildings and with the presence of
shops. We observed no significant effect for buildings
without shops and less than 4o inhabitants. However,
we found the OR of not reporting contacts in buildings
without shops with more than 4o inhabitants ranged
from 1.79 (95% Cl: 1.15-2.99) during the EU wave, to
2.06, (95% Cl: 1.46-3.03) during the Omicron wave,
and the odds ratio of not reporting contacts in build-
ings with shops and less than 4o inhabitants from 1.85
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(95% Cl: 1.17-2.93) during the EU wave, to 2.38, (95%
Cl: 1.66-3.47) during the Omicron wave. The highest
OR was found during the EU and Omicron waves for
buildings with shops and more than 4o inhabitants
(OR: 2.57, 95% Cl: 1.65-4.04 and OR: 3.13, 95% Cl:
2.19-4.66, respectively). Houses with isolated persons
had significantly higher OR of not reporting during the
Delta and Omicron waves, but with a very large confi-
dence interval (OR: 3.56, 95% Cl: 1.20-9.20 and OR:
2.26, 95% Cl: 1.02-4.33, respectively).

Being vaccinated increased the odds of declaring con-
tacts only when one of the two persons implied was
vaccinated. This effect reached significance during
the Delta wave when the index case was vaccinated
and the contact was not (OR: 0.70, 95% Cl: 0.51-0.91)
and during the Omicron wave when the contact was
vaccinated and the index case not (OR: 0.84, 95% Cl:
0.66-1.05).

Sensitivity analysis

Considering 6 days between two positive tests at the
same address to define concurrent infections yielded
a global contact coverage of 40.1%, 95% Cl: 39.3-41.1
(48,895 estimated secondary infections occurring
at the address, 95% Cl: 47,300-50,400, for 21,733
reported contacts). Considering 14 days between two
positive tests yielded a 44.4%, 95% Cl: 43.1—-45.9 con-
tact coverage (44,875 estimated secondary infections
occurring at the address 95% Cl: 43,861-45,859, for
18,017 reported contacts). The determinant of absence
of reporting provided OR very similar to those of the
main analysis. Detailed results for the two sensitivity
analyses can be found in the Supplementary material.

Discussion

The complete database of COVID-19 infections occur-
ring in Geneva over a period of almost 2 years allowed
us to estimate the capacity of contact tracing to cap-
ture infectious contacts occurring at the same living
address as their index case. In this study, on average,
contact tracing allowed to detect 41% of secondary
infections occurring at the same given address. This
percentage varied over time and was lower during
the last months of 2020 and at the beginning of the
Omicron wave in December 2021. The principal deter-
minants of absence of reporting contacts were living
in a wealthy neighbourhood, younger age and living
in a populated building with shops. Mixed vaccination
status (one individual vaccinated, the other not) was
associated with higher reporting.

Contact tracing can only have a sustained meaningful
effect on disease transmission for variants with rela-
tively low effective reproduction numbers, as long as
the coverage of contact is high and the delay in notify-
ing contacts remains short. Indeed, a simulation study
with isolation of cases only [14] showed that detect-
ing only 40% of contacts can control more than 80%
of outbreaks, but only if the reproductive number is
low. However, if the effective reproduction number is

3.5, a contact coverage of 40% would not control more
than 10% of outbreaks. For such reproduction num-
ber, controlling more than 80% of outbreaks would
require a contact coverage of almost 90%. Modelling
studies [7,29] considering low basic reproduction num-
bers estimated that the effect of contact tracing would
start to have a real impact on the reproduction number
if more than 50% of contacts were reached. Another
study [30] showed that reducing contact tracing cover-
age from 80% to 40% would at least double the prob-
ability of a large outbreak even with few cases. Given
that the basic reproduction number of Alpha, Delta and
Omicron variants is above 3 and close to 8 for the lat-
ter [31,32], and that the proportion of contacts traced
decreased during high viral activity periods, the impact
of the manual contact tracing on the spread of COVID-
19 may have been rather limited after the first two
waves [33].

Several mechanisms can contribute to low coverage
of contact tracing. The first one is the saturation of
contact tracing capacity due to limited number of per-
sonnel and resources required to perform the contact
tracing. A second one is intentional under-reporting,
encompassing contacts not declared to avoid quar-
antine measures [34], but also contacts not declared
because they were exempt from quarantine such as
health professionals, vaccinated persons or children
under 12 years. A third mechanism could be non-
intentional unreported contacts, following infectious
encounters that are not perceived as such, for exam-
ple using an elevator after an infected person, walking
past an infected neighbour at the shop, being infected
by the aerosols escaping an infected neighbour’s
apartment [17].

Our study shows indications of these three mecha-
nisms. The effect of contact tracing capacity is evi-
denced in our study by a decrease in the percentage
of contacts reported during periods with a high num-
ber of reported cases, reaching as low as 20%. The
increase in contacts reported in January 2021 seems to
correspond with implementation of guidelines by the
Geneva Directorate of Health to encourage infected
persons to declare their contacts during the phone
interviews. Also during this month, the following meas-
ures were implemented from 18 January, and then
gradually relaxed between May and June 2021: manda-
tory working remotely if possible, mandatory wearing
of face masks at work and in shops, closure of shops
not selling consumer essentials and public and pri-
vate gatherings restricted to a maximum of five peo-
ple. These public health measures could have helped
people recognise possible contacts and declare them
accordingly.

The findings of this study also suggest intentional
under-reporting. For instance, the tendency to under-
report children before the Omicron wave was consist-
ent with the exemption of children from quarantine at
the beginning of the pandemic in Geneva. Erroneous
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public health messages at the beginning of the pan-
demic could have helped foster under-reporting of chil-
dren. Indeed, during the first COVID-19 wave in April
2020, a statement from the Head of Communicable
Diseases Division at the Federal Office of Public Health
in Switzerland, widely reported in news outlets, stated
that infection in children was very unlikely and that
transmission among children was close to none [35].
A second indication of intentional under-reporting
was the increase of the odds of not declaring contacts
increased with the wealth of the neighbourhood. This
result may stem from the fact that persons living in
wealthy neighbourhoods may have jobs allowing them
to work remotely and having therefore a lower need of
official quarantine certificates. It is also in line with
studies that found that individuals from higher social
class exhibited greater unethical decision-making ten-
dencies or a greater tendency to break the law [36,37].
The third indication is the higher reporting of contacts
when either the index case or contact was vaccinated,
which may be due to the vaccinated person’s percep-
tion that contact tracing is more useful or reflects that
they are more likely to comply with national guidelines
[38].

Finally, the effect of residential building type on the
propensity to report contacts supports the existence
of infectious encounters between persons that are
not identified as such. Indeed, the fact that under-
reporting was higher in apartment buildings than in
family houses, especially during the Omicron wave,
suggests the occurrence of unperceived contagions in
common areas (i.e. situations where the index case did
not perceive the contact as at risk of contagion), which
are more numerous and common for apartment build-
ings than for houses. Under-reporting was higher in
buildings with more inhabitants and in buildings with
shops, indicating that some contacts may go unnoticed
in shared social places. These types of shared spaces,
such as elevators, corridors, stairs or entrance halls,
do not allow proper physical distancing and are often
poorly ventilated, thus allowing potential airborne
infections. The higher under-reporting in residential
buildings with shops could also be due to the fact that
buildings with shops are more common in urban areas
with a higher population density. The absence of an
effect of residential building type on under-reporting
of contacts during the Alpha wave (6 January 2021-14
June 2021) can be explained by the health policies
implemented during that period (private gathering
restrictions, wearing face masks). This finding indi-
cates that these public health policies reduced the
number of unperceived contagions.

There are several limitations to this study. First, due
to our analysis design, we restricted the study to
infections occurring at the same address. As a con-
sequence, tests results without addresses (3.4%)
were removed from our analysis, leading to potential
selection bias. Another potential limitation of the use
of addresses is that some of the reported addresses
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may not correspond to the actual place of living. This
type of misclassification bias may underestimate the
number of secondary infections (i.e. bias towards
the null). Also, our analysis does not consider con-
tacts becoming infected at other places, and a similar
analysis performed at the place of work or in different
settings could be of interest. Second, the use of aggre-
gated socioeconomic indicators at the neighbourhood
level could cause ecological fallacy, where the effect
observed is caused by a variable at the person level.
Third, as our study is based on a positive registered
test, it ignores all COVID-19-positive persons who only
performed self-tests or did not test (because they did
not want to, or because they were asymptomatic).
Although most positive self-tests were confirmed by
official registered testing, the real coverage of all
secondary infections occurring at a given address is
likely lower than the one reported in the present study.
Finally, as with every observational study, we cannot
rule out residual confounding in the multivariate analy-
sis, although the rich register data allowed adjusting
for most of the important factors.

Nevertheless, this study offers a solid estimation of the
proportion of reported infectious contacts at a given
address using an extensive operational register of all
SARS-CoV-2 tests performed in the state of Geneva
during a period covering four SARS-CoV-2 variants. The
analysis based on permutations at the neighbourhood
level allowed us to minimise the number of contamina-
tions occurring at other places such as schools, grocery
shops or public transportation, thus providing insights
into the systemic, behavioural and living factors influ-
encing reporting contacts. The sensitivity analysis con-
ducted showed the robustness of our results.

Conclusion

The overall contact coverage estimated in our study
and its decrease during high COVID-19 epidemic activ-
ity periods indicates that contact tracing alone could
not stop the spread of SARS-CoV-2. Contact tracing cov-
erage could be improved by social outreach targeting
populations such as those living in wealthy neighbour-
hoods or large residential buildings. To further reduce
the propagation of SARS-CoV-2, public health authori-
ties should consider additional non-pharmaceutical
interventions aiming to avoid unperceived contagions,
such as wearing face masks, cleaning and clearing the
air or restricting gatherings.

The Covid-SMC Study Group:

Lucienne Da Silva Mora, Diem-Lan Vu, Lena Després, Rachel
Dudouit, Béatrice Hirsch, Barbara Miiller, Charlotte Roux,
Géraldine Duc, Caroline Zahnd, Adriana Uribe Caparros,
Guillaume Schimmel, Jean-Luc Falcone, Nuno M Silva,
Thomas Goeury, Christophe Charpilloz, Silas Adamou,
Pauline Brindel, Roberta Petrucci, Andrea Allgéwer, Abdel
Kadjangaba, Christopher Abo Loha, Emilie Macher, Marc
Vassant, Nadia Donnat, Philippe Pittet, Dominique Joubert,
Samia Carballido, Ariane Germain, Sophie Bontemps,
Elisabeth Delaporte, Camille Genecand, Aliki Metsini, Valérie

9

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2024.29.3.2300228&domain=pdf&date_stamp=2024-01-18

Creac’h, Virginie Calatraba, Laura Fliieli, Hippolyte Piccard,
Dan Lebowitz, Aglaé Tardin, Simon Regard

Ethical statement

Research received the agreement of the Cantonal Ethic
Committee of Geneva (CCER protocol 2020-01273).
Individuals who refused to share their data were removed
from the analysis.

Funding statement

Kadjangaba, Christopher Abo Loha, Emilie Macher, Marc
Vassant, Nadia Donnat, Philippe Pittet, Dominique Joubert,
Samia Carballido, Ariane Germain, Sophie Bontemps,
Elisabeth Delaporte, Camille Genecand, Aliki Metsini, Valérie
Creac’h, Virginie Calatraba, Laura Fliieli, Hippolyte Piccard,
Dan Lebowitz, Aglaé Tardin, Simon Regard, as members of
the Covid-SMC Study Group, participated in the collection of
data, study design and revised critically the article.

References

This research was supported by the research project
SELFISH, financed by the Swiss National Science Foundation,
grant number 51NF40-160590 (LIVES Center international re-
search project call).

Data availability

Due to privacy issues, these individual-level data are
available upon request from https://edc.hcuge.ch/
surveys/?s=TLT9EHE93C. Response is provided within 2
weeks. Data are provided de-identified and thus the ex-
act address is not available. The code used to analyse the
data and produce the tables and figure is available at htt-
ps://gitlab.com/dmongin/scientific_articles/-/tree/main/
contact_tracing.

Acknowledgements

We thank the Geneva Directorate of Health for collecting and
providing the data.

This work was published as a preprint article on MedRxiv
(Mongin D, Biirgisser N, Courvoisier DS, the Covid-SMC
Study Group. Coverage of state-initiated contact-trac-
ing during COVID-19 and factors influencing it: evidence
from real-world data. MedRxiv. 2023 Mar 22). https://doi.
0rg/10.1101/2023.03.22.23287577

Conflict of interest

None declared.

Authors’ contributions

Denis Mongin performed the data curation, participated in
the analysis conception, performed the statistical analy-
sis, created the data visualisation, designed and wrote the
article; Nils Biirgisser participated to the literature review
and to the writing of the article, participated to the result
interpretation and revised critically the article; Delphine S.
Courvoisier acquired the financial support for the project,
conceptualised the analysis, participated in the data inter-
pretation and revised critically the article. Denis Mongin,
Guillaume Schimmel, Adriana Uribe and Delphine Courvoisier
had full access to the dataset. Denis Mongin and Delphine
Courvoisier verified the data. All authors were responsible
for the decision to submit for publication.

Lucienne Da Silva Mora, Diem-Lan Vu, Lena Després, Rachel
Dudouit, Béatrice Hirsch, Barbara Miiller, Charlotte Roux,
Géraldine Duc, Caroline Zahnd, Adriana Uribe Caparros,
Guillaume Schimmel, Jean-Luc Falcone, Nuno M Silva,
Thomas Goeury, Christophe Charpilloz, Silas Adamou,
Pauline Brindel, Roberta Petrucci, Andrea Allgéwer, Abdel

10

1. Flaxman S, Mishra S, Gandy A, Unwin HJT, Mellan
TA, Coupland H, et al. Estimating the effects of non-
pharmaceutical interventions on COVID-19 in Europe. Nature.
2020;584(7820):257-61. https://doi.org/10.1038/s41586-020-
2405-7 PMID: 32512579

2. LiuY, Morgenstern C, Kelly J, Lowe R, Jit M\, CMMID
COVID-19 Working Group. The impact of non-pharmaceutical
interventions on SARS-CoV-2 transmission across 130
countries and territories. BMC Med. 2021;19(1):40. https://doi.
0rg/10.1186/512916-020-01872-8 PMID: 33541353

3. Suryanarayanan P, Tsou C-H, Poddar A, Mahajan D, Dandala
B, Madan P, et al. Al-assisted tracking of worldwide non-
pharmaceutical interventions for COVID-19. Sci Data.
2021;8(1):94. https://doi.org/10.1038/541597-021-00878-y
PMID: 33767205

4. Hossain AD, Jarolimova J, Elnaiem A, Huang CX, Richterman
A, Ivers LC. Effectiveness of contact tracing in the control
of infectious diseases: a systematic review. Lancet Public
Health. 2022;7(3):e259-73. https://doi.org/10.1016/52468-
2667(22)00001-9 PMID: 35180434

5. Kojaku S, Hébert-Dufresne L, Mones E, Lehmann S, Ahn YY.
The effectiveness of backward contact tracing in networks. Nat
Phys. 2021;17(5):652-8. https://doi.org/10.1038/s41567-021-
01187-2 PMID: 34367312

6. Raymenants |, Geenen C, Thibaut J, Nelissen K, Gorissen S,
Andre E. Empirical evidence on the efficiency of backward
contact tracing in COVID-19. Nat Commun. 2022;13(1):4750.
https://doi.org/10.1038/s41467-022-32531-6 PMID: 35963872

7. Kretzschmar ME, Rozhnova G, Bootsma MCJ, van Boven
M, van de Wijgert JHHM, Bonten MJM. Impact of delays on
effectiveness of contact tracing strategies for COVID-19:

a modelling study. Lancet Public Health. 2020;5(8):e452-
9. https://doi.org/10.1016/S2468-2667(20)30157-2 PMID:
32682487

8. Pozo-Martin F, Beltran Sanchez MA, Miiller SA, Diaconu V,
Weil K, El Bcheraoui C. Comparative effectiveness of contact
tracing interventions in the context of the COVID-19 pandemic:
a systematic review. Eur ) Epidemiol. 2023;38(3):243-66.
https://doi.org/10.1007/s10654-023-00963-z PMID: 36795349

9. Ferretti L, Wymant C, Kendall M, Zhao L, Nurtay A, Abeler-
Dorner L, et al. Quantifying SARS-CoV-2 transmission suggests
epidemic control with digital contact tracing. Science.
2020;368(6491):368. https://doi.org/10.1126/science.abb6936
PMID: 32234805

10. European Commission, Directorate-General for
Communications Networks Content and Technology.
Digital contact tracing study: study on lessons learned,
best practices and epidemiological impact of the
common European approach on digital contact tracing to
combat and exit the COVID 19 pandemic. Luxembourg:
Publications Office of the European Union; 2022. Available
from: https://op.europa.eu/en/publication-detail/-/
publication/69f8bd22-7065-11ed-9887-01aa75ed71a1/
language-en

11. Wymant C, Ferretti L, Tsallis D, Charalambides M, Abeler-
Dorner L, Bonsall D, et al. The epidemiological impact of the
NHS COVID-19 app. Nature. 2021;594(7863):408-12. https://
doi.org/10.1038/541586-021-03606-z PMID: 33979832

12. Vogt F, Haire B, Selvey L, Katelaris AL, Kaldor J. Effectiveness
evaluation of digital contact tracing for COVID-19 in New
South Wales, Australia. Lancet Public Health. 2022;7(3):e250-
8. https://doi.org/10.1016/52468-2667(22)00010-X PMID:
35131045

13. Wang X, Du Z, James E, Fox SJ, Lachmann M, Meyers LA, et al.
The effectiveness of COVID-19 testing and contact tracingin a
US city. Proc Natl Acad Sci USA. 2022;119(34):€2200652119.
https://doi.org/10.1073/pnas.2200652119 PMID: 35969766

14. Hellewell J, Abbott S, Gimma A, Bosse NI, Jarvis Cl, Russell TW,
et al. Feasibility of controlling COVID-19 outbreaks by isolation
of cases and contacts. Lancet Glob Health. 2020;8(4):e488-96.

www.eurosurveillance.org

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2024.29.3.2300228&domain=pdf&date_stamp=2024-01-18

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

https://doi.org/10.1016/S2214-109X(20)30074-7 PMID:
32119825

Greenhalgh T, Jimenez JL, Prather KA, Tufekci Z, Fisman D,
Schooley R. Ten scientific reasons in support of airborne
transmission of SARS-CoV-2. Lancet. 2021;397(10285):1603-
5. https://doi.org/10.1016/50140-6736(21)00869-2 PMID:
33865497

Zhang R, Li Y, Zhang AL, Wang Y, Molina M). Identifying
airborne transmission as the dominant route for the spread
of COVID-19. Proc Natl Acad Sci USA. 2020;117(26):14857-63.
https://doi.org/10.1073/pnas.2009637117 PMID: 32527856

Wong S-C, Au AK-W, Chen H, Yuen LL, Li X, Lung DC, et al.
Transmission of Omicron (B.1.1.529) - SARS-CoV-2 Variant

of Concern in a designated quarantine hotel for travelers: a
challenge of elimination strategy of COVID-19. Lancet Reg
Health West Pac. 2022;18:100360. https://doi.org/10.1016/j.
lanwpc.2021.100360 PMID: 34961854

Stern RA, Charness ME, Gupta K, Koutrakis P, Linsenmeyer K,
Madjarov R, et al. Concordance of SARS-CoV-2 RNA in aerosols
from a nurses station and in nurses and patients during a
hospital ward outbreak. JAMA Netw Open. 2022;5(6):e2216176.
https://doi.org/10.1001/jamanetworkopen.2022.16176 PMID:
35675074

LuJ, GuJ, Li K, Xu C, Su W, Lai Z, et al. COVID-19 Outbreak
Associated with Air Conditioning in Restaurant, Guangzhou,
China, 2020. Emerg Infect Dis. 2020;26(7):1628-31. https://
doi.org/10.3201/eid2607.200764 PMID: 32240078

Wei H-Y, Chang C-P, Liu M-T, Mu J-J, Lin YJ, Dai Y-T, et al.
Probable aerosol transmission of SARS-CoV-2 through floors
and walls of quarantine hotel, Taiwan, 2021. Emerg Infect Dis.
2022;28(12):2374-82. https://doi.org/10.3201/eid2812.220666
PMID: 36322955

Genecand C, Mongin D, Koegler F, Lebowitz D, Regard S,
Falcone JL, et al. Cohort profile: actionable register of Geneva
outpatients and inpatients with SARS-CoV-2 (ARGOS).

BM) Open. 2021;11(11):€048946. https://doi.org/10.1136/
bmjopen-2021-048946 PMID: 34848509

Mongin D, Cullati S, Kelly-Irving M, Rosselet M, Regard S,
Courvoisier DS, Covid-SMC Study Group. Neighbourhood
socio-economic vulnerability and access to COVID-19
healthcare during the first two waves of the pandemic in
Geneva, Switzerland: A gender perspective. EClinicalMedicine.
2022;46:101352. https://doi.org/10.1016/j.eclinm.2022.101352
PMID: 35360147

Mongin D, Biirgisser N, Laurie G, Schimmel G, Vu DL, Cullati
S, et al. Effect of SARS-CoV-2 prior infection and mRNA
vaccination on contagiousness and susceptibility to infection.
Nat Commun. 2023;14(1):5452. https://doi.org/10.1038/
$41467-023-41109-9 PMID: 37673865

Hodcroft EB. CoVariants: SARS-CoV-2 Mutations and Variants
of Interest. [Accessed: 22 Aug 2023]. Available from: https://
covariants.org/

Elbe S, Buckland-Merrett G. Data, disease and diplomacy:
GISAID’s innovative contribution to global health. Glob Chall.
2017;1(1):33-46. https://doi.org/10.1002/gch2.1018 PMID:
31565258

De Caceres M, Legendre P. Associations between species and
groups of sites: indices and statistical inference. Ecology.
2009;90(12):3566-74. https://doi.org/10.1890/08-1823.1
PMID: 20120823

R Core Team. R: A language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical
Computing; 2020. Available from: http://www.Rproject.org/

Wu'Y, Kang L, Guo Z, Liu J, Liu M, Liang W. Incubation
Period of COVID-19 Caused by Unique SARS-CoV-2 Strains:
A Systematic Review and Meta-analysis. JAMA Netw

Open. 2022;5(8):e2228008. https://doi.org/10.1001/
jamanetworkopen.2022.28008 PMID: 35994285

Kucharski AJ, Klepac P, Conlan AJK, Kissler SM, Tang ML, Fry H,
et al. Effectiveness of isolation, testing, contact tracing, and
physical distancing on reducing transmission of SARS-CoV-2
in different settings: a mathematical modelling study. Lancet
Infect Dis. 2020;20(10):1151-60. https://doi.org/10.1016/
$1473-3099(20)30457-6 PMID: 32559451

Davis EL, Lucas TCD, Borlase A, Pollington TM, Abbott S,
Ayabina D, et al. Contact tracing is an imperfect tool for
controlling COVID-19 transmission and relies on population
adherence. Nat Commun. 2021;12(1):5412. https://doi.
0rg/10.1038/s41467-021-25531-5 PMID: 34518525

Liu'Y, Rockldv ). The effective reproductive number of the
Omicron variant of SARS-CoV-2 is several times relative

to Delta. ) Travel Med. 2022;29(3):taaco37. https://doi.
org/10.1093/jtm/taaco37 PMID: 35262737

Liu Y, Rocklov J. The reproductive number of the Delta variant
of SARS-CoV-2 is far higher compared to the ancestral

www.eurosurveillance.org

33.

34.

35.

36.

37.

38.

SARS-CoV-2 virus. ) Travel Med. 2021;28(7):taab124. https://
doi.org/10.1093/jtm/taab124 PMID: 34369565

Clark E, Chiao EY, Amirian ES. Why Contact Tracing Efforts
Have Failed to Curb Coronavirus Disease 2019 (COVID-19)
Transmission in Much of the United States. Clin Infect Dis.
2021;72(9):e415-9. https://doi.org/10.1093/cid/ciaa1155 PMID:
32761123

Lash RR, Donovan CV, Fleischauer AT, Moore ZS, Harris G,
Hayes S, et al. COVID-19 Contact Tracing in Two Counties -
North Carolina, June-july 2020. MMWR Morb Mortal Wkly

Rep. 2020;69(38):1360-3. https://doi.org/10.15585/mmwr.
mmé6938e3 PMID: 32970654

Swiss Federal Office of Public Health (OFSP). FAQ : Coronavirus
et régles de conduite. [Coronavirus and rules of conduct]. Bern:
Swiss Federal Office of Public Health. [Accessed: 11 Dec 2023].
French. Available from: https://www.newsd.admin.ch/newsd/
message/attachments/61144.pdf

Piff PK, Stancato DM, C6té S, Mendoza-Denton R, Keltner D.
Higher social class predicts increased unethical behavior.
Proc Natl Acad Sci USA. 2012;109(11):4086-91. https://doi.
org/10.1073/pnas.1118373109 PMID: 22371585

Seuntjens TG, Zeelenberg M, van de Ven N, Breugelmans SM.
Greedy bastards: Testing the relationship between wanting
more and unethical behavior. Pers Individ Dif. 2019;138:147-56.
https://doi.org/10.1016/j.paid.2018.09.027

Wright L, Steptoe A, Mak HW, Fancourt D. Do people reduce
compliance with COVID-19 guidelines following vaccination?
A longitudinal analysis of matched UK adults. ] Epidemiol
Community Health. 2022;76(2):109-15. https://doi.
org/10.1136/jech-2021-217179 PMID: 34244309

License, supplementary material and copyright

This is an open-access article distributed under the terms of
the Creative Commons Attribution (CC BY 4.0) Licence. You
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence and indicate
if changes were made.

Any supplementary material referenced in the article can be
found in the online version.

This article is copyright of the authors or their affiliated in-
stitutions, 2024.

11

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2024.29.3.2300228&domain=pdf&date_stamp=2024-01-18

