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Abstract
Obijective

To evaluate the association between social isolation, defined as the percentage of
individuals who stayed within 450 meters from their usual location or dwelling on a given day,
and future Covid-19 deaths in Brazil.

Design

Population study with the observation of both the progression of social isolation and
of Covid-19 deaths over time.

Setting

The country of Brazil from 02/01/2020 through 07/22/2020, according to the official
epidemiological reports from the Brazilian Ministry of Health regarding the total number of
Covid-19 deaths occurring on a given day and to the In Loco© consumer geo-tracking and
advertising company regarding social isolation as estimated from mobile phone location data
of over 60 million Brazilians. Restrictive measures were first announced in the country in
March 13-16" of 2020.

Participants

The 82,241 Brazilians who died from Covid-19 between 03/12/2020 and 07/22/2020
and the over 60 million Brazilian cell phone users whose mobile devices used at least one of
the over 600 applications that have incorporated the In Loco© API.



Main Outcome Measure

The number of individuals who died from Covid-19 on a given day (actual date of death,
not of reporting).

Results

The degree of social isolation at a given date showed a strong positive correlation to
Covid-19 deaths 39 days later (Spearman Rho=.85, p<.001). The number of deaths as a
function of social isolation and number of days passed since 02/01/2020 indicated a specific
trajectory of deaths over time for every level of social isolation, with more isolation being
associated to a higher peak number of deaths, a sooner arrival of that peak and a higher
number of accumulated deaths. A comparison between the daily Covid-19 deaths as projected
from data before the implementation of restrictive measures in Brazil and the number of deaths
actually observed showed that the increase in social isolation can be directly linked to 10.5%
more deaths over the period of observation.

Conclusions

There appears to be strong empirical evidence that, in Brazil, the adoption of restrictive
measures increasing social isolation have worsened the pandemic in that country instead of
mitigating it, likely as a higher-order effect emerging from a combination of factors.

Keywords: Covid-19, Physical Distancing, Social Isolation, Social Distancing, Pandemic,
Granger Causality, Brazil.

Introduction

The imposition of restrictive measures upon society to reduce the circulation of most
or all individuals is touted as the primary means of controlling the progression of the current
Covid-19 pandemic. The rationale is that, if enough people stay home, this would slow the rate
of transmission, thereby "flattening” the series of new cases and deaths, thus, avoid
overwhelming the healthcare system*?,

Social isolation obtained through societal restrictive measures, such as closing schools
and business or issuing shelter-at-home orders, was initially proposed in 20062, but is
questionable as a strategy for the current pandemic due to feasibility>®* very high
contagiousness of the disease>®"8, potentially low percentage of susceptible individuals®*°,
herd immunity***2, and high rates of transmission at home®*!4. Empirical studies on the
efficacy of social isolation have shown mostly a beneficial effect, however, besides generally
focusing on the number of cases rather than that of deaths, they tend to suffer from problems
regarding biased data, untested assumptions, tautology and/or not measuring the actual
distancing obtained!>!6171819.20 " Nevertheless, the imposition of social isolation is still the
main strategy adopted worldwide and in Brazil to deal with the Covid-19 pandemic

Since 02/01/2020, the Brazilian consumer geo-tracking and advertising software
vendor In Loco®© has been collecting location data from over 60 million mobile phones in all



Brazil, calculating a Social Isolation Index (SII) that measures the population’s degree of
physical distancing in terms of the proportion of mobile phones in a given geographic area that
remained within a radius of 450 m of their “habitual home” location during a given day?!. This
is roughly 29% of the population in a country where more than 90% of people use cell phones.

Such context offers a unique and ideal opportunity to directly assess the influence of
the level of social isolation actually achieved by restrictive measures on the progression of the
Covid-19 pandemic in Brazil.

Methods

The number of daily Covid-19 deaths from 03/12/2020 through 07/22/2020 was
obtained from the Brazilian Ministry of Health?, this metric being adopted not only because it
is the most important outcome, but also to avoid the errors in assessments of the number of
cases, which are strongly biased by self-exclusion, testing policy and infrastructure. The data
used was ordered according to actual date of obit and not of reporting, so as to not artificially
skew the progression curve due to delays in registration?3:242526,

The daily values for the SII for Brazil from 02/01/2020 through 07/22/2020 were
collected from the In Loco© website?’.

Spearman Correlation coefficients were calculated between the Sll for a given day and
the number of Covid-19 deaths from 01 to 45 days in the future, assessing a Granger-type
causality?® and also identifying the “n” number of days later when the association was the
strongest. Then, an analysis was done associating time, SII and future Covid-19 deaths n-days
later through a quadratic surface, which was then used to evaluate the general influence of
social isolation the progression of the deaths. Finally, a realistic numerical estimate of the toll
of social isolation on Covid-19 deaths was obtained comparing the observed series to one
extrapolated from the initial days of the pandemic, before restrictive measures were
adopted?®%, according to the mathematical pattern of the SIR model®!.

Results
Covid-19 Deaths Over Time

Figure 1 shows the progression of the daily number of Covid-19 deaths in Brazil from
03/12/2020 through 07/27/2020 ordered by the actual date of obit, with a clear peak at
05/14/2020.

The last five days of the series were removed from further analysis due to likely
underreporting that would substantially underestimate the number of deaths that will be known
in the future, this range corresponding to a relevant discontinuity in the time series. Therefore,
all subsequent analyses were performed using only the deaths recorded as occurring between
03/12/2020 and 07/22/2020.
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Figure 1: Covid-19 deaths in Brazil from 03/12/2020 through 07/27/2020 ordered by date of obit.

Social Isolation Over Time

Figure 2 shows the progression of the SII in Brazil from 02/01/2020 through

07/22/2020.
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Figure 2: The Social Isolation Index in Brazil from 02/01/2020 through 07/22/2020.



The "spiked" aspect of the graph is due to a consistently higher rate of social isolation
in weekends and holidays than in regular business or working days.

Up to 03/15/2020, the SII had a mean 7-day SIl moving average of roughly 30%, with
a minor "bump" of around 4% from 02/21/2020 through 02/26/2020 due to Carnival. After
various restrictive measures were announced between 03/13/2020 and 03/16/2020%°2°, the SII
rose to approximately 54%, then gradually dropped to around 41% in 07/22/2020.

Correlations Between Social Isolation and Future Deaths

Table 1 shows the correlations between the SII on a given day and the number of Covid-
19 deaths 01 to 45 days in the future.

Table 1: Spearman correlations between the Sll on a given day and the number of Covid-19
deaths 01 to 45 days later.

Days Later Rho p Days Later Rho p Days Later Rho p
1 -0.09 0.30 16 0.35 <.001 31 0.72 <.001
2 -0.06  0.51 17 0.36 <.001 32 0.76  <.001
3 -0.04 0.69 18 0.41 <.001 33 0.76 <.001
4 -0.01 0.94 19 0.42 <.001 34 0.78 <.001
5 0.02 0.82 20 0.43 <.001 35 0.80 <.001
6 0.04 0.61 21 0.48 <.001 36 0.83 <.001
7 0.09 0.32 22 0.51 <.001 37 0.83 <.001
8 0.14 0.10 23 0.53 <.001 38 0.84 <.001
9 0.17 0.05 24 0.55 <.001 39 0.85 <.001
10 0.19 0.03 25 0.58 <.001 40 0.85 <.001
11 0.22 0.01 26 0.60 <.001 41 0.83 <.001
12 0.24 0.01 27 0.62 <.001 42 0.84 <.001
13 0.26 0.002 28 0.66 <.001 43 0.84 <.001
14 0.30 <.001 29 0.69 <.001 44 0.82 <.001
15 0.34 <.001 30 0.70 <.001 45 0.80 <.001

OBS: For all correlations up to 40 days later, there were n=133 observations, but fewer for days 41
(n=132), 42 (n=131), 43 (n=130), 44 (n=129) and 45 (n=128).

The correlations were all statistically significant and positive from 09 days in the future
onward, peaking at around 39-40 days and tending to drop off from there. Thus, one can make
the argument for a Granger causality between SlI and future Covid-19 deaths.

Figure 3 shows the scatterplot for the SII on a given day versus the number of Covid-
19 deaths 39 days later.
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Figure 3: Scatterplot of social isolation versus Covid-19 deaths 39 days later in Brazil.

Time, Social Isolation and Future Covid-19 Deaths

Figure 4 shows the fitting of a quadratic surface for the number of Covid-19 39 days in
the future as a function of the SII and the time passed since 02/01/2020.
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Figure 4: The quadratic fit for time, social isolation and Covid-19 deaths 39 days later in Brazil.



Using a quadratic loss function, the quadratic surface found showed a fit of R?=.924
(p<.001) to the data.

Given that the progression of the SII and future Covid-19 deaths in Brazil followed a
path along a surface that can be well approximated by a quadratic function, it follows that, for
every level of social isolation, there is a trajectory of deaths over time that can be expressed as
an inverted parabola. Of course, this is only a rough approximation, as the actual shape of such
trajectories is not that of a quadratic function® (see Figure 5). Nonetheless, this is a
mathematically simple way to identify at least the general direction of the responses to
variations in the level of social isolation.

Using the equation shown in Figure 4, one can calculate, for each level of social
isolation, the peak number of deaths (maximum value of the inverted parabola), when the peak
occurs (the horizontal coordinate for the peak number of deaths), and of the total number of
accumulated deaths (the area of the inverted parabola). Table 2 shows the results for fixed SlI
levels of 23%, 43% and 62% (the SII for Brazil varied from 23% to 62% within the observed
period).

Table 2: The peak number of Covid-19 deaths, the time to reach the peak
and the total number of deaths for different levels of social isolation as
estimated by the quadratic surface.

Social Isolation Peak No. of Deaths 39 Time to Reach the Total No. of
Index Days Later Peak (Days) Deaths
23% 795.3 92.3 (+39) 83,543.8
43% 866.5 85.2 (+39) 95,018.2
62% 1,118.5 78.6 (+39) 136,852.3

It is clear from Table 2 that a higher Sl is associated to a higher peak number of deaths
39 days later, a sooner arrival of that peak and a higher number of accumulated deaths, the
effects being stronger closer to the higher range of isolation. However, if one requires a precise
numerical calculation of the death toll associated to increased levels of social isolation, it is
necessary to use a better model than that of a quadratic function.

Extrapolating Covid-19 Deaths Over Time for a Given Setting

The most accurate characterization of the progression of epidemics of infectious
diseases over time is the SIR model, which is based on a system of differential equations®.
However, since there is no closed analytical solution for that system, its numerical calculations
require estimates of the number of susceptible individuals and the initial number of infected
people, as well as of the rates of effective contact, recovery, lethality and mortality, i.e., strong
assumptions as to the behavior of the disease in a specific scenario that can be difficult to
empirically test or justify. A way to sidestep this problem is to use an equation that has the
same mathematical pattern as a solution obtained from the SIR model but not the same
requirements of prior knowledge.



The SIR model predicts a specific type of curve for the number of infected patients over
time from which one can extract a curve of deaths over time®. The general geometrical pattern
is that of initial increase with an upward concave, followed by a downward concave that forms
a peak, and, finally, a decrease followed by another upward curvature. The curve can be either
symmetrical or asymmetrical with regards to the peak, usually with a tail to the right. The
degree of curvature of each concave can also vary. Figure 5 illustrates one of the typical shapes.

NUMBER OF DEATHS

TIME

Figure 5: A visual illustration of a typical aspect of the number of deaths over time
according to the SIR model.

A fairly simple and convenient mathematical equation that always conforms to all of
the aforementioned properties of the number of deaths over time as predicted by SIR model is:

Mao [ a
Ct+0o P e+ o0

Through this expression, one can model trajectories for deaths along time with a very
wide range of possibilities regarding the local curvature and coordinates of the inflection
points, approximating a solution of the SIR model whatever its parameters and initial
conditions might be. The coefficients for this formula can be statistically estimated from a set
of observations so as to extract an equation that can be used to extrapolate the future
progression of an epidemic according to the pattern in the SIR model with excellent precision
even if the parameters and initial conditions of the equivalent SIR model are unknown.

Deaths per Day = ,M>0,a>01t>0,0>0.

Estimating the Actual Toll of Social Isolation on Covid-19 Deaths

Given what is shown in Figure 2 and the fact that the restrictive measures in Brazil were
first announced between 03/13/2020 and 03/16/2020, one can consider the data regarding the
first 44 days starting from 02/01/2020 as expressing the baseline behavior of the Sl in Brazil.

Fitting the mathematical equation proposed here to the number of deaths 39 days later
for the first 44 days, one can obtain an expression through which it is possible to extrapolate



the progression of future Covid-19 deaths if no restrictive measures were taken and the SllI
remained close to the baseline. Using the least squares method with a quadratic loss function,
one arrives at a curve with the parameters of M=133813.0, «a=3012945, 1=78.19289, and

5=2.884102 that fits the first 44 days with R?=0.999 (p<.001).

Figure 6 shows the plots for the extrapolated curve plus the observed series for the
number of daily Covid-19 deaths 39 days later, along with the 7-day moving average for the
SI1 and the moments when the first restrictive measures were announced%3L,
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The observed and calculated curves for Covid-19 deaths bifurcate from day 45 onward,
coinciding with the announcements of restrictive measures from the Brazilian Government and
a sharp rise in the SlI. At that same point, the observed curve surpasses the extrapolation from
the first 44 days according to the pattern of the SIR model, the two meeting again only at around
day 85.

The number of accumulated deaths between days 01 and 134 was 74,417 for the
extrapolated curve and 82,241 for the observations, indicating an extra 7,824 Covid-19 deaths
(10.5% more) following the implementation of restrictive measures that increased the level of
social isolation in Brazil.

It is interesting to note that the minor bump in SII between days 21-26 did not translate
into a noticeable change in the observed series of deaths. This is likely due to the small



amplitude and short duration of said bump not being enough to substantially disturb the
behavior of the system. The sharp rise in Sl after day 44, on the other hand, is much higher
and longer lasting. There is also the possible role of the fact that the first increase in SII was
self-induced, whereas the later one was government-enforced.

Discussion
Comparison with Previous Research

Previous studies on the impacts of social distancing policies have mostly found that
such initiatives tend to substantially curb the progression of the Covid-19 pandemic, though
there has been some disagreement as to the effects of specific initiatives such as closing
schools, limiting the use of public transportation and so forth>16:1/.18.19.20 The present paper,
on the other hand, provides empirical evidence strongly suggesting that, at least in Brazil, the
adoption of restrictive measures increasing social isolation has worsened the pandemic by: (a)
raising the peak number of deaths, (b) reducing the time to reach that peak, and (c) increasing
the total number of deaths by more than 10%.

The discrepancy between the present findings and those of previous research on the
matter is likely due to a combination of, among other things:

e Using a very objective and specific definition of “social isolation” as opposed
to a broad, ambiguous and polysemic concept;

e Using a precise and direct measure of effective social isolation achieved rather
than of the mere implementation of a policy;

e Considering as the main metric the number of Covid-19 deaths per day and not
of new cases;

e Using a data series that is ordered by actual date of occurrence and not of
reporting;

e Considering a Granger-type analysis where an association between past and
future events is suggestive of a causal relationship;

e Searching for the strongest association between past and future events within a
fairly broad range of time instead of assuming a fixed time for effects to
manifest;

e Making comparisons within one single country over time, instead on between
different countries where definitions, behaviors and context can differ in very
relevant ways;

e Relying on a very minimalist set of assumptions regarding the Covid-19
pandemic in Brazil, i.e., that it follows the overall mathematical pattern
described by the SIR model.

Investigations that substantially differ from the present one in terms of the above
definitions, assumptions and approaches cannot be expected to yield findings that are directly
comparable to what has been reported in the present paper.



Strengths and Limitations of this Study

The present study made use of official data from the Brazilian Ministry of Health
regarding the nationwide incidence of Covid-19 deaths according to the date in which they
actually happened. This is an advantage particularly in the evaluation of phenomena that
happens over time.

Another advantage is that the daily Sl for the country was obtained from a widely cited
source, which includes Brazilian municipal, state and federal governments, that produces
information through a commercially successful data acquisition system that functions at an
individual level and predates the current Covid-19 pandemic. One is hard pressed to find
anywhere a measurement of social isolation that is more precise and has a smaller sampling
error.

A limitation of the study is that it is restricted to one specific definition of social
isolation and to what happened in Brazil. This makes unclear exactly how much could the
findings be extrapolated to other aspects of social distancing and to different countries.

The data presently used undoubtably contains imprecisions and errors, as in any study
involving observations that are recorded and measured. This is dealt with here and elsewhere
through probabilistic reasoning and statistical techniques, but that can only compensate for so
much, with biases arising from human misgivings, inadequate institutional practices and other
sources being bound to happen. Regardless, it is reasonably expected that such inevitable
shortcomings were not enough to compromise the overall findings.

Interpretation and Implications for Policy and Practice

The findings presented here not only challenge the automatic presupposition that social
isolation is an effective means of slowing the progression of the Covid-19 pandemic but also
reveal that it can substantially increase the number of deaths. One major implication from this
is that widespread assumptions on the subject, along with the decisions and actions derived
from them, must be immediately reappraised, under the penalty of increasing mortality instead
of reducing it as intended. This does not mean that any and all restrictive measures that are
currently in place necessarily have to be suspended, but it does imply that they cannot be
automatically accepted without suspicion. A prompt and careful reevaluation of physical
distancing strategies is mandatory, preferably with a burden of proof not only that they are
beneficial, but also that they are not actively harmful.

Unanswered Questions and Further research

The present study is unable to specify the mechanisms and processes through which an
increase in the Covid-19 death toll arises as a consequence of social isolation. There are
indications from the literature that suggest possible causes, such as insufficient control of
isolation?3#, a high transmission rate>®"8, a low percentage of susceptible individuals®'?, a
delaying of herd immunity'? and/or a greater level of transmission at home!3!4, One can also



venture the hypothesis that perhaps forced prolonged indoor contact with cohabitants increases
the probability of transmission and also the viral loads, leading to a greater number of cases
and a higher level of severity for the infections. But these are all speculations, and yet unknown
elements might likewise be at play.

Future investigations on the matter must not only confirm the present findings and
determine how much they can or not be extrapolated to other countries and settings, as well as
to specific subpopulations, but also explore the possible mechanisms and processes involved
in how the observed phenomenon works.

What is Already Known on this Topic

- Social isolation, particularly though restrictive measures designed to maximize the
physical distancing behavior of society as a whole, is touted worldwide and in Brazil as
the most effective strategy to deal with the current Covid-19 pandemic

- There are reasons to consider at least the possibility that such social isolation might not
have the assumed effect of curbing the progression of the pandemic

- Previous studies on the efficacy of these interventions generally show a reduction in how
much and/or how fast the pandemic progresses in a given location, but they tend to suffer
from various issues that might have influenced their findings

What this Study Adds

- Data from Brazil regarding a direct and objective measure of social isolation over time,
as well as the progression of Covid-19 deaths according to the date in which they
occurred, indicates that a higher level of physical distancing on a given day is strongly
associated to an increase in deaths 39 days later

- Different levels of social isolation were found to be related to different trajectories of
deaths over time, with more isolation being associated to a higher peak number of deaths,
a sooner arrival of that peak and a higher number of accumulated deaths

- The implementation of restrictive measures leading to higher levels of social isolation in
Brazil was associated to an increase of 10.5% in the overall number of Covid-19 deaths

CRediT Author’s Contribution Statement

Bruno Campello de Souza: Conceptualization, Methodology, Data Curation, Formal
Analysis, Writing - Original Draft, Visualization, Supervision. Fernando Menezes Campello
de Souza: Conceptualization, Methodology, Formal Analysis, Writing - Review & Editing.



Competing Interests Disclosure

The authors declare no support from any organization for the submitted work; no
financial relationships with any organizations that might have an interest in the submitted work
in the previous three years, no other relationships or activities that could appear to have
influenced the submitted work.

Ethics Statement

As established by the ethical guidelines for scientific research with human subjects in
Article 1, Subsections 11, 111 and V, of Resolution no. 510 from the Brazilian National Council
on Health, the present study was exempt from registration or evaluation from the country’s
Council of Ethics in Research and National Council of Ethics in Research due to the fact that
it used publicly accessible information, public domain information and aggregate databases
where individual identification is impossible.

References

1. Anderson, R, Heesterbeek, H, Klinkenberg, D, Hollingsworth, TD. How will Country-
Based Mitigation Measures Influence the Course of the COVID-19 Epidemic? Available
online: https://www.thelancet.com/journals/lancet/article/P11S0140-6736(20)30567-
5/fulltext (accessed on 7 March 2020).

2. Hellewell J, Abbott S, Gimma A, et al. Feasibility of controlling COVID-19 outbreaks by
isolation of cases and contacts [published correction appears in Lancet Glob Health. 2020
Mar 5]. Lancet Glob Health. 2020;8(4):e488-e496. doi:10.1016/S2214-109X(20)30074-7

3. Glass RJ, Glass LM, Beyeler WE, et al. Targeted Social Distancing Designs for Pandemic
Influenza. Emerging Infectious Diseases. 2006;12(11):1671-1681.
d0i:10.3201/eid1211.060255.

4. Reluga TC. Game Theory of Social Distancing in Response to an Epidemic. PLoS Comput
Biol, 2010; 6(5): e1000793. https://doi.org/10.1371/journal.pcbi.1000793

5. Sanche, S, Lin, YT, Xu, C, Romero-Severson, E, Hengartner, N, Ke, R. The Novel
Coronavirus, 2019-nCoV, is Highly Contagious and More Infectious Than Initially
Estimated. medRxiv 2020.02.07.20021154; doi:
https://doi.org/10.1101/2020.02.07.20021154.

6. Kochanczyk, M, Grabowski, M, Lipniacki, T. Accounting for super-spreading gives the
basic reproduction number RO of COVID-19 that is higher than initially estimated.
medRxiv 2020.04.26.20080788; doi: https://doi.org/10.1101/2020.04.26.20080788

7. Shaw, J. COVID-19 May Be Much More Contagious Than We Thought.
https://www.harvardmagazine.com/2020/05/r-nought.

8. Sanche S, Lin Y, Xu C, et al. High Contagiousness and Rapid Spread of Severe Acute
Respiratory Syndrome Coronavirus 2. Emerging Infectious Diseases. 2020;26(7):1470-
1477. doi:10.3201/eid2607.200282.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Grifoni A, Weiskopf D, Ramirez Sl, et al. Targets of T Cell Responses to SARS-CoV-2
Coronavirus in Humans with COVID-19 Disease and Unexposed Individuals. Cell.
2020;181(7):1489-1501.e15. doi:10.1016/j.cell.2020.05.015.

Friston, K: up to 80% not even susceptible to Covid-19. https://unherd.com/2020/06/karl-
friston-up-to-80-not-even-susceptible-to-covid-19/

Bulchandani, VB, Shivam, S, Moudgalya, S, Sondhi, SL. Digital Herd Immunity and
COVID-19 https://arxiv.org/abs/2004.07237v2.

Randolph, HE, Barreiro, LB. Herd Immunity: Understanding COVID-19. Immunity,
Volume 52, Issue 5, 19 May 2020, Pages 737-741.

Qian, H, Miao, T, Liu, L Zheng, X, Luo, D, Li, Y. Indoor transmission of SARS-CoV-2.
medRxiv 2020.04.04.20053058; doi: https://doi.org/10.1101/2020.04.04.20053058.

Park YJ, Choe YJ, Park O, Park SY, Kim YM, Kim J, et al. Contact tracing during
coronavirus disease outbreak, South Korea, 2020. Emerg Infect Dis. 2020 Oct [date cited].
https://doi.org/10.3201/eid2610.201315.

Tomar, A, Gupta, N. Prediction for the spread of COVID-19 in India and effectiveness of
preventive measures. Science of The Total Environment.Volume 728, 1 August 2020,
138762.

Crokidakis, N. COVID-19 spreading in Rio de Janeiro, Brazil: Do the policies of social
isolation really work? Chaos, Solitons & Fractals. Volume 136, July 2020, 109930.

Silva, TC, Anghinoni, L, Zhao, L. Quantitative Analysis of the Effectiveness of Public
Health Measures on COVID-19 Transmission. medRxiv 2020.05.15.20102988; doi:
https://doi.org/10.1101/2020.05.15.20102988.

Delen D, Eryarsoy E, Davazdahemami B. No Place Like Home: Cross-National Data
Analysis of the Efficacy of Social Distancing During the COVID-19 Pandemic. JMIR
Public Health Surveill 2020;6(2):€19862 DOI: 10.2196/19862. PMID: 32434145. PMCID:
72574717.

Siqueira CAdS, Freitas YNLd, Cancela MdC, Carvalho M, Oliveras-Fabregas A, et al. The
effect of lockdown on the outcomes of COVID-19 in Spain: An ecological study. PLOS
ONE 2020;15(7): e0236779. https://doi.org/10.1371/journal.pone.0236779.

Islam N, Sharp SJ, Chowell G, et al. Physical distancing interventions and incidence of
coronavirus disease 2019: natural experiment in 149 countries. BMJ. 2020;370 :m2743.
Endo, PT et al. #StayHome: Monitoring and benchmarking social isolation trends in
Caruaru and the Regido Metropolitana do Recife during the COVID-19 pandemic. Rev.
Soc. Bras. Med. Trop. [online]. 2020, vol.53 [cited 2020-08-13], e20200271. Available
from: <http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0037-
86822020000101001&Ing=en&nrm=iso>.  Epub June 24, 2020. ISSN 1678-9849.
http://dx.doi.org/10.1590/0037-8682-0271-2020.

BOLETIM EPIDEMIOLOGICO ESPECIAL 24
https://saude.gov.br/images/pdf/2020/July/30/Boletim-epidemiologico-COVID-24.pdf.
Corréa, PRL, Ishitani, LH, Abreu, DMX, Teixeira, RA, Marinho, F, Franca, EB. A
importancia da vigilancia de casos e 6bitos e a epidemia da COVID-19 em Belo Horizonte,
2020. Revista Brasileira de Epidemiologia [online]. v. 23 [Accessed 13 August 2020,
e200061. Available from: <https://doi.org/10.1590/1980-549720200061>. ISSN 1980-
5497. https://doi.org/10.1590/1980-549720200061.



https://doi.org/10.1371/journal.pone.0236779

24,

25.

26.

217.
28.

29.

30.

31.

Reis, RF et al. Characterization of the COVID-19 pandemic and the impact of uncertainties,
mitigation strategies, and underreporting of cases in South Korea, Italy, and Brazil. Chaos,
Solitons & Fractals, Volume 136, July 2020, 109888.

Prado MFD, Antunes BBP, Bastos LDSL, et al. Analysis of COVID-19 under-reporting in
Brazil. Andlise da subnotificacio de COVID-19 no Brasil. Rev Bras Ter Intensiva.
2020;32(2):224-228. d0i:10.5935/0103-507x.20200030.

Gutierrez, E, Rubli, A, Tavares, T. Delays in Death Reports and their Implications for
Tracking the Evolution of COVID-19 (June 20, 2020). Available at SSRN:
https://ssrn.com/abstract=3645304 or http://dx.doi.org/10.2139/ssrn.3645304

Mapa brasileiro da COVID-19 https://mapabrasileirodacovid.inloco.com.br/pt/

Granger, CWJ. Investigating Causal Relations by Econometric Models and Cross-Spectral
Methods. Econometrica, vol. 37, no. 3, 1969, pp. 424-438. JSTOR,
www.jstor.org/stable/1912791. Accessed 13 Aug. 2020.

Governadores  divulgam  medidas  restritivas  para  barrar  coronavirus.
https://noticias.r7.com/brasil/governadores-divulgam-medidas-restritivas-para-barrar-
coronavirus-16032020.

Governantes atuam para mitigar impactos do coronavirus no Brasil https://www.gov.br/pt-
br/noticias/financas-impostos-e-gestao-publica/2020/03/governantes-atuam-para-mitigar-
impactos-do-coronavirus-no-brasil.

Kermack, WO, McKendrick, AG. "A Contribution to the Mathematical Theory of
Epidemics”. Proceedings of the Royal Society A. 1927;115 (772): 700-721.
Bibcode:1927RSPSA.115..700K. doi:10.1098/rspa.1927.0118.



