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Objectives: Conducting contact tracing (CT) programs in low- and middle-income countries is chal-
lenging, and there is no evidence of their effectiveness in Latin America. We evaluated the effectiveness
of CT on reducing fatality from COVID-19 in Colombia.
Study design: The study design is a retrospective cohort study with nation-wide data of suspected and
confirmed cases of severe acute respiratory syndrome (SARS-CoV-2) infection and their registered
contacts.
Methods: We analyzed confirmed and suspected COVID-19 cases and their chains of contact using a
nation-wide registry from March 28, 2020 to January 13, 2021. To estimate the effect of CT on fatality, we
adjusted a multilevel negative binomial model using the number of deaths and the number of people
within a chain of contacts as the outcome variable and offset variable, respectively. Sensitivity analysis
was conducted using different cutoff values of contacts traced and a logistic model for the effect of CT on
death at an individual level.
Results: We analyzed 1.4 million cases, 542,936 chains of contact, and 46,087 deaths. Only, 5.8% of total
cases and contacts were included in a chain of a case and five or more contacts. We found that tracing of
at least five contacts per case reduces fatality by 48% (95% confidence interval: 45e51), and, at the
current levels of tracing in Colombia, it prevents 1.8% of deaths. Results obtained from the sensitivity
analysis were consistent with the reduction of fatality at an individual level and higher protective effect
with the higher number of contacts traced.
Conclusions: In Colombia, tracing of at least five contacts per case reduces fatality from COVID-19. The
coverage and intensity of tracing needs to be increased as a strategy to mitigate fatality in Colombia.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
Introduction

As of December 31, 2020, the severe acute respiratory syndrome
(SARS-CoV-2) virus caused 88.8 million infections and the disease
that it produces (COVID-19) led to a total of 1.8 million deaths.1 The
National Institute of Health in Colombia registered 1,508,419
confirmed cases and 43,213 deaths as of that same date.2

Given that this is a new disease, there are not yet specific
pharmacological treatments, and the vaccinations that have
recently been introduced are not yet available to the general public
lth, Universidad Industrial de
olombia.
-Villamizar).
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in low- and middle-income countries. Therefore, since the
pandemic began, governments have implemented non-pharma
cological interventions (NPIs), including specific individual in-
terventions, such as promoting hand washing3 and the use of
masks;4 community interventions, such as imposing restrictions on
activities in closed spaces and canceling mass gatherings; and, in
general, a variety of restrictions on mobility to reduce the rate of
close contacts, ranging from partial restrictions to sector isolation
and complete lockdowns. Contact tracing (CT) of confirmed and
suspected cases has also been proposed as a mitigation strategy.

CT with early isolation of suspected cases is a strategy that is
functioning in the midst of the SARS-CoV-2 pandemic. When
adequately implemented, it reduces the acceleration of trans-
mission and decreases fatality.5 Nevertheless, its massive
ghts reserved.
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implementation requires great operational efforts, such that its
cost-effectiveness has even been questioned.6

Identification and follow-up of COVID-19 cases, as well as close
CT, are some of the public health surveillance actions that have
been implemented in Colombia since the start of the epidemic. As a
central component of the mitigation strategy, in August 2020, the
Ministry of Health of Social Protection (MHSP) of Colombia
implemented a particular CT program called the Tests, Tracing, and
Select Sustainable Isolation Program (PRASS in Spanish). The aim of
this program is to monitor confirmed and suspected cases along
with their contacts, as well as provide early and adequate health
care throughout the country. Colombia has an insurance-based
health system in which insurance companies, called ‘Beneficiary
Plan Administration Companies’ (EAPB in Spanish), provide indi-
vidual health services to the population, such as those performed
by the PRASS program. The State's role in the system is to regulate
its operations to ensure that adequate health services are provided
to enrollees. The PRASS program has been implemented in the
framework of this insurance model, where responsibilities are
shared among different actors and national regulations apply.

Currently, inColombia,with theknowledge that vaccinationswill
not reduce transmission in the short termandgeneral restrictionson
mobility have negative socio-economic effects, the transmission of
SARS-CoV-2 infection needs to be reduced by using strategies that
effectively detect and trace cases and contacts. Nevertheless, the
effectiveness of the contract tracing strategy and its impact on
meeting that goal for the country has not yet been evaluated. As a
first approximation, this studyuses nation-wide data to evaluate the
effectiveness and impact of CT on fatality from COVID-19.

Methods

A retrospective cohort study was performed with nation-wide
data of suspected and confirmed cases of SARS-CoV-2 infection
and their registered contacts in Colombia, having the deaths from
COVID-19 as the outcome of interest.

Population

Colombia is located in the north corner of South America. Ac-
cording to the National Administrative Department of Statistics
(DANE, for its initials in Spanish), the total population is projected by
2020 in 50,372,424 inhabitants. The country is divided into 33 de-
partments anddistrictswhichgroups 1122municipalities. Half of the
population is women (51.2%), 77.1% of people live in urban areas, and
68.2% of Colombians are aged between 15 and 64 years. The first case
of infection for SARS-CoV-2 was confirmed on March 6th in Bogot�a.

Sources of information

This study used anonymized data from the MHSP information
system that was designed specifically to address the SARS-CoV-2
pandemic, known as SEGCOVID19. This serves as the source of
the PRASS program's integrated national registry on CT. This system
combines information of suspected and confirmed cases reported
to the National Public Health Surveillance System (SIVIGILA in
Spanish) with their contacts identified through direct tracing by the
EAPB. The system defines the chains of transmission as the index
case and its respective contacts.

In addition, SEGCOVID19 crosses information with the national
sampling system, which reports the results from all COVID-19 tests
performed in the country, as well as with the database of enrollees
in the health system and birth and death records. This cross in-
formation supplements the information on cases with the identi-
fication of results from diagnostic tests, health system enrollments
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for assigning who is responsible for follow-up (insurer and
geographic entities), and the final vital status of each person.

While theMHSPadministers this systemof information, theEAPB
and local authorities are required to report andcontact theCOVID-19
cases and their contacts and enter them into the system. The EAPBor
local authorities must register in SEGCOVID19, in real time, the
information related to suspected and confirmed cases, their de-
mographic variables, clinical baseline data, and records of contacts
for each case. These contacts are thenvisible to the EAPB responsible
for the insurance for the purpose of identification, follow-up, clinical
evaluation, and taking samples. Furthermore, because the system
alsomakes it possible to follow-up on cases and contacts, it provides
the best input of information on CT in the country.

The information for this analysis was taken from all observa-
tions at the national level that were registered fromMarch 28, 2020
to January 13, 2021 by all the EAPBs and local authorities.

Variables and levels

Death from COVID-19 was the outcome of interest for this
analysis. Exposure variables included individual-level data such as
sex, age (in decades), presence of chronic comorbidities (cardio-
vascular disease, diabetes, cancer, immunodeficiencies), type of
health insurance, socio-economic status, and place of residence. On
a second level, the individuals were grouped into chains defined as
a group consisting of a suspected or confirmed index case and its
respective contacts who have been registered and contacted. The
variables for the chain included the number of incident cases, the
number of deaths in each chain, and the size of the chain. The main
independent variable for the analysis was the size of the chain as an
indirect indicator of the intensity of tracing. Based on a sensitivity
analysis, this variable was dichotomized as a chain of five or more
contacts per case, which was considered to be effective tracing. This
conceptually makes sense because it recognizes at least two con-
tacts other than those in the home, given that Colombia has an
average of three people per household. An indicator variable was
also included when the index case in a chain was a suspected case.

Statistical analysis

A multilevel negative binomial model was used with the num-
ber of deaths of individuals in each chain as the outcome variable
and the number of people identified within the chain as the
exposure variable. The model was adjusted by the aforementioned
variables corresponding to the two levels. The model included
random intercepts at the chain, insurance, and municipality level,
as well as fixed effects. The intraclass correlation coefficient was
calculated for each level as was relative risk (RR), with 95% confi-
dence intervals (95% CIs). All assumptions of the model were
verified, and the goodness-of-fit was evaluated. We used software
Stata® version 16 to analyze the data.

To measure the impact on deaths, the preventable fraction (PF)
was calculated based on the following formula, recommended by
Benichou7 when the effect of confounding variables is present:

Pdð1� RRÞ
½1� ð1� RRÞð1� PdÞ�

where Pd is the prevalence of exposure among deceased cases RR is
the adjusted relative risk

Sensitivity analysis

We conducted a multilevel logistic model to calculate the indi-
vidual risk of death associated with belonging to a chain of at least



Table 1
Characteristics of COVID-19 suspected and confirmed cases and their contacts,
Colombia, March 2020eJanuary 2021.

Variable Cases n (%) Contacts n (%)

1,404,294 1,029,010

Male sex 687,823 (49.0) 476,431 (46.3)
Age (median IQR) 37 (27e53) 31 (15e49)
Deaths 42,120 (3.0) 3967 (0.39)
Chronic diseases
Diabetes 41,036 (2.9) 10,703 (1.0)
Cardiovascular disease 106,568 (7.6) 29,097 (2.8)
Chronic respiratory disease 15,911 (1.1) 4852 (0.5)
Cancer 9780 (0.7) 2959 (0.3)
Immunodeficiency 5 059 (0.4) 1 020 (0.1)

Region
Andes region 900,152 (64.1) 246,700 (24.4)
Caribbean 220,474 (15.7) 56,912 (5.6)
Pacific 151,663 (10.8) 30,450 (3.01)
Amazonia 21,064 (1.5) 2911 (0.28)
Orinoquia 35,107 (2.5) 7412 (5.14)
Unknown 71,618 (5.1) 666,684 (65.9)

The regions are made up of the following departments: Andes (Bogota, Cundina-
marca, Tolima, Antioquia, Santander, Northern Santander, Caldas, Risaralda, Quin-
dío, Boyaca, and Huila), Caribbean (Atlantic, Bolivar, Cesar, Cordoba, La Guajira, San
Andres, and Providencia, Sucre), Pacific (Cauca, Choco, Nari~no, and Valley of Cauca),
Amazonia (Amazonas, Caqueta, Guainia, Guaviare, Putumayo, and Vaupes), Orino-
quia (Arauca, Casanare, Meta, and Vichada). IQR, interquartile range.

Table 2
Multilevel negative binomial model results for the effect of contact tracing on fa-
tality from COVID-19 in Colombia, March 2020eJanuary 2021.

Variables IRR SE P-value 95% CI

Chains with five or more
contactsa

0.52 0.014 0.000 0.49 0.55

Index (suspected case) 0.66 0.011 0.000 0.64 0.68
Male sex 1.20 0.009 0.000 1.17 1.21
Age in years
Less than 30 1.00
30 to 49 1.29 0.015 0.000 1.25 1.41
50 to 69 3.17 0.037 0.000 3.10 3.24
70 to 79 6.63 0.101 0.000 6.43 6.83
80 or more 8.04 0.125 0.000 7.80 8.29

Comorbidities
Diabetes 1.34 0.024 0.000 1.31 1.41
Cardiovascular disease 1.23 0.017 0.000 1.19 1.25
Chronic respiratory disease 1.13 0.027 0.000 1.09 1.20
Cancer 1.36 0.041 0.000 1.26 1.42
Immunodeficiency 1.35 0.076 0.000 1.22 1.53

Health system regime
Contributory 1.00
Subsidiary 2.33 0.035 0.000 2.29 2.43
Special 1.91 0.060 0.000 1.79 2.03
Non-registered 1.91 0.027 0.000 1.87 1.99

Socio-economic status
1 (very low) 0.59 0.039 0.000 0.51 0.67
2 (low) 1.37 0.058 0.000 1.24 1.47
3 (middle to low) 1.34 0.056 0.000 1.23 1.44
4 (middle) 1.16 0.048 0.000 1.07 1.26
5 (middle to high) 1.07 0.049 0.140 0.97 1.17
6 (high) 1.00

Non-registered strata 0.93 0.038 0.000 0.86 0.91
Region
Andean 1.00
Caribbean 1.06 0.015 0.000 1.03 1.10
Pacific 1.15 0.020 0.000 1.11 1.18
Amazonia 1.23 0.050 0.000 1.13 1.33
Orinoquia 1.08 0.040 0.000 1.01 1.16
Non-registered 0.88 0.011 0.000 0.87 0.92

IRR, incidence rate ratio; SE, standard error; CI, confidence interval.
a n ¼ 2 433 304 and chains ¼ 1 404 294.
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five contacts, adjusted by sex, age group, type of health insurance,
socio-economic status, and comorbidities (diabetes, cardiovascular
disease, chronic respiratory disease, cancer, and immunodefi-
ciencies). We also conducted a sensitivity analysis using different
cutoff values of the number of contacts traced to assess their effect
on mortality from COVID-19.

Results

Between March 28, 2020 and January 13, 2021, SEGCOVID19
registered 1,404,294 suspected and confirmed cases, 542,936 of
which had at least one registered contact (39.3%), and a total of
46,087 deaths due to COVID-19. A total of 1,029,020 contacts were
registered, which is equivalent to a median of one contact per case
(P25: 1 - P75: 3). The median age was 37 years for cases and 31
years for contacts. The percentage of men was 48.9% for cases and
46% for contacts. Health professionals accounted for 6.5% of cases
and 2.4% of contacts. There was 62% prevalence of testing among
contacts of cases during the study period. Table 1 summarizes the
characteristics of the cases and contacts included in the study.

The fatality during the study period was 3.3%, and the fatality
rate was 83.7 per 100,000 residents in Colombia. A total of 5.8% of
the people (initial cases and their contacts) were in chains with at
least five contacts plus the initial case (chains of five or more
contacts).

The results of the main model showed that when tracing five or
more contacts per case, the likelihood of dying in that chain
decreased on average by 48% (95% CI: 45e51), controlling for the
effect of comorbidities, region of residence, type of health system
regime, socio-economic status, and individual factors such as age
and sex (Table 2). The results also showed that, in a chain, the risk of
dying from COVID-19 decreased by 34% (95% CI: 32e36) when the
chain's index case was a suspected case, adjusted by the effect of
other variables.

The adjusted PF was calculated as 1.8%, that is, 1.8% of total
deaths (830) were estimated to have been prevented by tracing
five or more contacts, adjusting by the effect of other covariables
and at the observed tracing levels (5.7% of the total study
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population and 1.9% of deceased cases with tracing of five or more
contacts). The calculation of the adjusted PF indicates that if the
number of contacts in the tracing program increases progres-
sively, then it is possible to prevent an average 27% of deaths when
the coverage of tracing five or more contacts reach 40% of total
cases (see Fig. 1).

Sensitivity analysis

Table 3 presents the results of the logistic model that was used
to evaluate the effect of CT on fatality. The results are consistent
with those obtained with the negative binomial model, indicating
that the risk of dying decreases on average by 55% (CI: 95% 51e58)
when a person is part of a chain with at least five contacts, after
controlling for the effect of sex, age, health system regime,
comorbidities, region of residence, and socio-economic status. In
this case, the odds ratio is similar to the RR because the accumu-
lated incidence of death is under 5%.

The results of the analysis using the negative binomial model
and different cutoff values for the number of contacts as the
exposure variable are presented in supplementary material
(Table S1). All effect measures were below the null value (RR < 1)
and statistically significant indicating an overall protective effect of
CT on COVID-19 mortality. Although there is not a specific dose–
response pattern, the CT with the higher number of contacts (more
than eight or nine contacts) showed the highest protective effect.
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Fig. 1. Reduction in expected fatality if effective contact tracing increases (the number of people who are in chains of at least five contacts).
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Discussion

This study aimed to assess the effectiveness of the CT strategy on
COVID-19 fatality in Colombia. The results show that when the
intensity of CT reaches five or more contacts per case, the risk of
death from COVID-19 decreases on average by 48% in that chain of
transmission. Furthermore, this study estimated that roughly 1.8%
Table 3
Logistic model results for the effect of contact tracing on fatality from COVID-19 in
Colombia, March 2020eJanuary 2021.

Variable OR SE P-value 95% CI

Chains with five or more
contacts

0.45 0.016 0.000 0.42 0.49

Index (suspected case) 0.73 0.013 0.000 0.71 0.76
Male sex 2.10 0.022 0.000 2.06 2.14
Age in years
Less than 30 4.30 0.168 0.00 3.98 4.64
30 to 49 30.13 1.102 0.000 28.04 32.37
50 to 69 114.22 4.258 0.000 106.18 122.88
70 to 79 240.46 9.008 0.000 223.44 258.78
80 or more

Comorbidities
Diabetes 1.62 0.028 0.000 1.57 1.68
Cardiovascular disease 1.21 0.017 0.000 1.18 1.24
Chronic respiratory disease 1.58 0.037 0.000 1.50 1.65
Cancer 1.76 0.055 0.000 1.65 1.87
Immunodeficiency 2.01 0.126 0.000 1.78 2.28

Health system regime
Contributory 1.00
Subsidiary 1.60 0.024 0.000 1.56 1.65
Special 1.30 0.038 0.000 1.23 1.37
Non-registered 1.75 0.023 0.000 1.70 1.79

Region
Andean
Caribbean 1.18 0.017 0.000 1.14 1.21
Pacific 1.09 0.018 0.000 1.06 1.13
Amazonia 1.29 0.049 0.000 1.20 1.39
Orinoquia 1.16 0.041 0.000 1.08 1.24
Unknown 0.18 0.005 0.000 0.17 0.18

Socio-economic status
1 (very low) 0.20 0.028 0.000 0.15 0.26
2 (low) 1.99 0.099 0.000 1.80 2.19
3 (middle to low) 1.89 0.092 0.000 1.71 2.07
4 (middle) 1.37 0.067 0.005 1.24 1.50
5 (middle to high) 1.17 0.064 0.000 1.05 1.30
6 (high) 1.00
Undefined 0.88 0.044 0.012 0.80 0.97

Pseudo R2 ¼ 0.3245. OR, odds ratio; SD, standard error; CI, confidence interval.
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of deaths were prevented between March 2020 and January 2021
due to exposure to a CT chain of five or more contacts per case. The
risk of death for COVID-19 is decreased on average by 88%when the
intensity of CT reaches more than nine contacts. This is the first
study to assess the effectiveness and impact of CT by using a na-
tional integrated database of confirmed and suspected COVID-19
cases and their contacts in Colombia.

The implementation of NPIs has successfully reduced virus
transmission and deaths during a period in the COVID-19 pandemic
that has lacked effective treatment and vaccines. NPIs involve a
range of measures, including isolation of symptomatic individuals,
CT, quarantine of exposed people, social distancing, face mask use,
travel restrictions, the cancellation of mass gatherings, city and
nationwide lockdowns, and the closure of schools, workplaces, and
other spaces.9 There is cumulative evidence of the protective effect
of social distancing, face masks, and eye protection to prevent virus
transmission in healthcare and community settings.10 In Europe,
NPIs, particularly lockdowns, had a large effect on reducing trans-
mission and fatality, as well as decreasing the time-varying repro-
duction number to below 1, or at least delaying transmission while
health services were increasing their response capacity.11

Mobility restrictions and lockdowns have also had secondary
effects on the social and mental well-being of populations. During
periods of lockdown, there is evidence of increased rates of violence
against women,12 suicides,13 and food insecurity,14 as well as
mental health disorders in children and adolescents.15 Lockdowns
also negatively impact education, with increased rates of school
dropout,16 and the economy, with deepening social inequalities,17,18

which leads to health inequalities.19 In addition, in low- and
middle-income countries, the capacity of health systems and close
intergenerational contacts limit the benefits of NPIs involving the
use of restrictions for mitigation and suppression.20 For these rea-
sons, there is a need to design and implement mitigation strategies
that have fewer socio-economic impacts, particularly in low- and
middle-income countries in Latin America.21

Studies in different regions of the world have reported evidence
that supports the benefits of testing, CT, quarantine, and isolation to
prevent COVID-19. Studies consistently report that quarantine is
the most effective measure, which when integrated with other
public health measures, such as testing and CT, increases the
effectiveness of test, trace, and isolate programs.22,23,24 CT is also
considered to be one of the most effective strategies for controlling
the COVID-19 epidemic.25 Modeling studies have estimated that CT
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coupled with quarantine of people exposed to confirmed or sus-
pected cases prevents 44%e96% of cases and 31%e76% of deaths, as
compared with no intervention.26

The findings herein suggest that identifying and tracing five or
more contacts related to a confirmed or suspected case reduces the
risk of fatality in that chain of transmission on average by 48%.
Nevertheless, the PF of this effect is still low (1.8%), probably due to
the low prevalence of CT during the study period (5.7%). Different
factors may explain this low prevalence, including the program's
low coverage in urban areas, limitations in the human and tech-
nological resources needed to conduct CT, and a lack of follow-up
on program responsibilities that are shared by all involved
parties, particularly by EAPB, which provide primary health ser-
vices to 95% of the population.27 One measure that is needed to
better control transmission and reduce fatality is to implement
strong health system regulations, given that the current healthcare
provider system is market driven and fragmented. Another possible
measure is looking for operational alternatives that improve
coverage and increase the intensity of CT.

Automated CT is an alternative to manual procedures and could
potentially reduce transmission. Nevertheless, a high population
uptake is needed for automated CT to be effective, and this may be
limited in low- and middle-income countries where internet and
mobile phones are not widely available.28 In addition, privacy and
equity concerns exist that need to be considered.29 The successful
experiences with controlling the COVID-19 epidemic in Taiwan,30

South Korea,31 and Singapore32 involved automated CT and
strong government regulations. In Taiwan, traditional CT was sup-
plemented by automated CT, which helped to identify 88% of sec-
ondary cases and reduced effective reproductive number (Rt) to
under 1.33 In Colombia, the application CoronApp mobile applica-
tionwas implemented in March 2020 to supplement traditional CT,
but its use did not reach high coverage (10%), and its contribution to
identifying secondary cases and reducing contacts has not been
evaluated.34

CT in combination with other measures increases COVID-19
control. Using a mathematical modeling study, Kucharski et al.35

estimated that isolation and CT is more likely to control COVID-19
transmission than mass random testing. They estimated a 64%
reduction in mean transmission for self-isolation and household
quarantine with tracing of all contacts.35 However, to maximize the
effectiveness of CT, another mathematical modeling study suggests
that this component should be integrated with widespread
coverage, early testing, and isolation. Given that testing programs
miss 75% of cases, prevention by isolating contacts is estimated to
be effective only under a high level of testing and CT.22 Therefore,
CT with isolation of symptomatic patients alonemay not be enough
to control the epidemic,36 especially in communities of young
people where the dynamics of infection reflect high infectivity
during the incubation period.37 The results herein show a 62%
prevalence of testing among contacts of cases during the study
period. The PRASS program aims to test all symptomatic contacts
and those belonging to high-risk groups (older than 60 years or
comorbidities), leaving out asymptomatic people who might
transmit the infection. Therefore, strategies to increase COVID-19
testing coverage will probably also contribute to interrupting
chains of transmission and prevent more deaths.

The present study provides strong evidence by using data from a
national integrated information system on COVID-19 in Colombia
(SEGCOVID19), which allowed for controlling for other potential
sociodemographic confounders of COVID-19 fatality. In particular,
CT was evaluated with more than one million records, which
represent all the suspected and confirmed cases and their contacts
that were reported to the country's public health surveillance
system during the study period. Nonetheless, limitations should be
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considered when interpreting the results. First, because the data
reported to the national health system (SIVIGILA) are for surveil-
lance purposes, there is a significant degree of underreporting.
Preliminary results from a seroprevalence study based on popula-
tion sampling in 11 cities, conducted by the National Institute for
Health, estimated that SIVIGILA captures an average 10%e20% of
total prevalent cases.38 Another limitation is the absence of indi-
vidual data related to other NPIs such as the use and adherence of
hand washing and use of masks as these data are not available in
the dataset used for the analysis. Regarding the community-based
NPIs such as mobility restrictions, they were widely used in
different cities according to the pandemic situation and are ex-
pected to be similar within municipalities. Despite these in-
terventions are associated with lower probability of a contagion,
they are not related to the CT process, and therefore, they are not
acting as potential confounders for our analyses. Therefore, we
consider that the absence of this information is not a source of
potential bias in our study.

In conclusion, the findings herein show that CT reduces the risk
of fatality in the chains of transmission. A reduction in the fatality
risk was observed despite the low prevalence of CT. These findings
support the need to strengthen government regulations of CT,
overcome its operational limitations, increase its intensity, and
reach a CT coverage and intensity that contributes to stopping
chains of transmission and preventing deaths.
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