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Abstract

The aim of this paper is to infer the effects that changes on human mobility
had on the transmission dynamics during the first four months of the SARS-
CoV-2 outbreak in Costa Rica, before community transmission was established
in the country. By using parametric and non parametric detection change-
point techniques we were able to identify two different periods where at least
the trend and variability of new daily cases significantly changed. In order to
combine this information with population movement, we use data from Google
Mobility Trends that allow us to estimate the lag between the rate of new daily
cases and each of the categories established by Google. The information is
then used to establish an association between changes in population mobility
and the sanitary measures taken during the study period.

Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a highly
transmissible and pathogenic novel human coronavirus initially detected in Wuhan
City, Hubei Province of China in late December 2019 [1, 2]. This pathogen is the
causative agent of a wide spectrum of clinical manifestations, going from asymp-
tomatic cases, patients with mild symptoms and severe disease with life-threatening
complications [3, 4]. After the initial cases were reported in China, and accelerated
by international and domestic travel [5, 6], the SARS-CoV-2 virus spread rapidly
within and across countries and continents leading to a global health crisis and
an unprecedented worldwide response in an attempt to reduce the importation of
cases, to interrupt chains of transmission, to protect vulnerable populations and to
mitigate the burden on health care systems, economies and societies [7, 8].

In this ongoing effort, countries around the globe have implemented a range of
public health and social measures adapted to the local social, political, economical
and evolving epidemiological context. Lockdown-type interventions and different
forms of business closures have been widely used, intended to limit population
mobility and to avoid close contact with individuals outside people’s family unit
[9, 10]. However, as the pandemic has unfolded, the role of specific sanitary measures
in controlling the spread of Covid-19 has been largely disputed [11, 12, 13]. The
concurrence of countless epidemiological and societal variables makes determining
the effect of every individual measure a nearly impossible task.
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One way to partially determine whether sanitary measures or packages of mea-
sures had a significant impact in disease transmission is through establishing the
association between changes in population mobility and variations in the speed of
disease transmission, and later identifying which sanitary measures were associated
with those changes in mobility. Costa Rica represents an atypical setting to test
this assumptions. In this particular Central American country, an initial effective
control of the pandemic allowed avoiding community transmission for the first four
months of the pandemic -between March and July 2020- when the virus was rapidly
spreading in neighbouring countries and almost across the whole Americas [14].
Moreover, what makes Costa Rica a unique setting to conduct such analyses is the
fact that the country never imposed a total or even partial lockdown. Without
a lockdown, vehicular circulation restrictions were combined with several common
measures, such as restrictions to commercial activity or school closures [15]. This
situation allows us to test these hypotheses before community transmission was
established and detection of new cases became more challenging.

We then examine the impact that differences in population’s mobility dynamics
had on the number of the new daily-confirmed COVID-19 cases in Costa Rica, since
its initial detection within the country on March 6, 2020 up to the confirmation by
health authorities of community transmission on July 2, 2020.

A key element for the analysis is to be able to identify periods where the general
behavior of new daily cases varied significantly. In this effort, the detection of single
and multiple change-points in the time series of new cases has been a way to infer the
impact of interventions in different countries. For example, Dehning et al. combined
Bayesian inference with compartmental models to identify plausible change-points
on the Covid-19 spreading rate in Germany [16] and Jiang et al. used a novel
combination of algorithms to detect multiple change-points in the series of confirmed
cases and deaths of Covid-19 over more than 30 countries [17]. Recently, Coughlin
et al. showed an interesting application of change-point detection in Covid-19 using
information of new cases in 20 individual countries (excluding Costa Rica) and the
European Union in an aggregated way [18]. They were able to identify change-
points in trend and variability using a Bayesian change-point model together with
a B-spline procedure. For mobility data, as previous studies around the world
[19, 20, 21], we utilize data from Google’s Mobility Reports to capture changes
at least in tendency and variation of population movement to different locations.
The results are then analysed with the public health measures adopted during the
study period. The purpose of the study is therefore two-fold. First, we attempt
to determine the validity of the association between population mobility within the
national territory and the speed of disease transmission. Second, we identify which
measures were adopted when those changes in mobility occurred, in order to explore
the effectiveness of such sanitary measures in the control of the disease.

Methods and Materials

Data. The analysis uses three different sources of information to study the associ-
ation among epidemiological and mobility variables:

• Epidemiological data. The number of daily confirmed COVID-19 cases in
Costa Rica from March 6, 2020, to July 2, 2020, was obtained from the Min-
istry of Health [15]. The data covers 4,023 laboratory-confirmed cases from

2



the 82 municipalities across the country. On March 6, Costa Rica became
the 89th country to confirm a Covid-19 patient within national territory, a 49
year old woman visiting from New York [22]. After twelve days the country
reported its first death due to the virus [23]. During the initial months of
the pandemic, the growth of cases was relatively stable in Costa Rica, and
the majority of patients had a known chain of transmission. Two months
into the pandemic, the country was even highlighted as having the lowest
Covid-19 case fatality rate in the region [24]. However, by the second week of
June, 2020, the daily new cases began a progressive growth. On July 2, 2020
with 4,024 total confirmed cases, a 14-day case notification rate of 40.3 cases
per 100,000 population and 17 deaths, the Ministry of Health declared com-
munity transmission in the Greater Metropolitan Area after being unable to
establish the epidemiological nexus to 65% of all new positive cases detected
over the last five days [25]. This region comprises about 50% of the national
population.

• Google’s Community Mobility Reports [26]. This data contains relative changes
of mobility according to Google’s applications with respect to the data ob-
served on a certain baseline. The baseline day is the median value using a
five-week period on January and February, 2020. The relative changes are
computed using the following categories: Retail and Recreation (restaurants,
shopping centers, theme parks, etc), Grocery and Pharmacy (grocery markets,
drugstores, pharmacies, etc), Parks (national parks, beaches, public gardens,
etc), Transit stations (public transit hubs), Workplaces, and Residential.

• Sanitary measures. Since the first reported case of Covid-19 in Costa Rica, an
inter-institutional and comprehensive approach led by the Ministry of Health,
the Social Security System and the National Commission of Emergencies has
guided the country’s response to mitigate the impact of the Covid-19 pan-
demic. One of the first measures aimed to promote and facilitate physical
distancing taken by Costa Rica took place on March 10, 2020 with the can-
cellation of all massive events and the instruction of working from home for
all public institutions [27]. On the days to come, the country restricted the
capacity of public meeting spaces to 50%, closed schools and universities, all
air and land borders, bars, beaches, churches, gyms, theaters and cinemas
[15]. By March 23, 2020, with a total of 158 confirmed cases spread across
30 municipalities (from a total of 82), public health authorities imposed the
first restriction to vehicle circulation, beginning with a nighttime restriction
to circulate from 10pm to 5am, with the exception of emergency vehicles,
taxi drivers and those with work justification that provided a signed letter
by the employer [28]. The opening, closure, and allowed capacity for both,
commercial activities and social gathering places, as well as the vehicle restric-
tions, have been adjusted throughout the pandemic based on the transmission
dynamics, international guidelines and comprehensive analyses of each munic-
ipality’s transmission risk [15].

Methods. The estimation of time points where the series of new infected cases
changed in terms of trend, variability or more distributional properties, can give an
insight of the approximate days where a certain intervention measure, or a com-
bination of several measures, impact the underlying behavior of the transmission
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dynamics. In order to estimate where those changes probably occurred, we use
non-parametric and parametric change-point detection techniques, in particular the
Change Point model for sequential multiple change detection [29, 30] and the se-
quential detection of phase changes through outlier identification [31].

A Bayesian structural time series model fitted with a Markov chain Monte Carlo
(MCMC) sampling algorithm is then combined with data from Google’s Community
Mobility Reports to infer the cumulative difference between the observed and ex-
pected number of the projected cases after the change-points were detected. We use
several hypothesis tests to apply the non-parametric procedure: Mood [32], Lepage
[33], and the well-known Kolmogorov-Smirnov, Mann-Whitney and Cramer-von-
Mises tests.

After we determine a set of change-points, we attempt to combine the above
information to infer the causal impact of the mobility preceding each change-point.
Here we use a certain type of Hierarchical Bayesian model called Bayesian struc-
tural time-series model [34] (BST) with a set of K lagged covariates with significant
association with respect to the dependent variable. The covariate lags can be de-
termined by means of a cross-correlation analysis. Two advantages of this model
are that: (1) it is able to keep the temporal association in the modeling process,
without using the restrictive assumption of independence in observations and (2)
the Bayesian approach combined with a state-space structure assures a natural way
to propagate the uncertainty along the model hierarchy. In our case, the BST model
can be written as:

yt = µt + xTt β + σyεt

µt = µt−1 + σµηt(1)

where yt are the new infections due to Covid-19 at day t, xT
t =(M

(1)
t−l1

,M
(2)
t−l2

,...,M
(K)
t−lK

)

are lagged mobility covariates with their respective lags lk (k = 1, . . . ,K),
β = (β1, . . . , βK)T , σy and σµ are parameters, µt is a latent variable indicating the
trend behavior of yt, and εt and ηt are normally-distributed white noises.

We use an MCMC algorithm to fit the model according to (1), using the available
data before each change-point occurred and assuming for the subsequent change-
point that the data starts immediately after the previous change-point happened.
The parameter set θ = (β, σy, σµ) is assumed to follow a spike-and-slab prior ac-
cording to Equation 2.8 in [34]. The MCMC is performed with the R package
CausalImpact [34] where posterior samples of the observed series and model pa-
rameters θ are computed. For each model the time period can be divided in two
different sets: a pre-intervention period containing the time before the change-point
occurs and where the MCMC process is performed and a post-intervention period
where the MCMC process gives estimates of the observed series that we then com-
pare with real values in order to approximate the causal effect of interventions.

To explore associations between the variations detected in population’s mobility
and the sanitary measures adopted by the health authorities, we identify all set
of measures imposed from March through June, 2020 just before the appearance
of the Covid-19 community transmission in Costa Rica. For simplicity, we assume
that each set of measures is represented by an indicator at a unique date, chosen
as the midpoint of the period where the set of measures is valid. We then apply
a MANOVA model among the four mobility series in Table 1 and two temporal
components: (1) a weekly seasonal effect and (2) a conditional effect of the set of
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measures given that the time of the previous set is taken as the start of the fitting
set of observations.

Finally, we apply a Pillai test to infer the effect of each individual set of measures
given its preceding set, to quantify its conditional impact on the mobility series. In
this way we were able to associate the set of measures with the mobility information,
to deduce their qualitative impact on the number of cases of Covid-19.

Results

Using the change-point model for sequential multiple change detection, we detected
significant points with the non-parametric Mood [32] and Lepage [33] tests using
the series of log-differences of new infected cases as a way to quantify the rate
of change of the overall series. Figure 1 shows the series of new infected Covid-
19 cases with the estimated change-points with the available methodologies. Note
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Figure 1: Estimated change-points of new Covid-19 infected cases for outlier identi-
fication (Chen-Liu) and sequential multiple change-point detection (Lepage, Mood)
methods.

that all the procedures were able to identify at least three different periods where
the distributional properties of the new infected cases significantly changed. Those
periods are not the same, but at least we have larger consensus among methods that
the series of new infected cases experiences change-points in dates between April
14, 2020 and April 18, 2020 and between June 3, 2020 and June 19, 2020. For ease
of analysis, we chose April 18, 2020 and June 19, 2020 as the estimated dates where
the change-points occurred.

The changes experienced during mid-April and mid-June, 2020 are likely due to
the impact of mobility restrictions or allowances on the days before the effect was
quantified. A cross-correlation analysis among the rate of change of new cases and
Google’s Mobility Trends allowed us to determine which lags are more significant
under a Pearson hypothesis test, as shown in Table 1. Based on the results from
the cross-correlation analysis, the model used the number of daily confirmed cases
starting on March 14, 2020, seven days after the first case was detected in the
country.

We then fit two BST models. The first one assumes that April 18, 2020 is a
change point and the second one does the same with June 19, 2020 using the MCMC

5



Categories Notation in (1) Lag (days)

Retail and Recreation M
(1)
t 7

Parks M
(2)
t 7

Transit stations M
(3)
t 7

Residential M
(4)
t 8

Table 1: Significant cross-correlation lags under a Pearson test. The remaining
categories show no-significant lags.

procedure with 1000 samples. We used as covariates the set of Google’s mobility
series shown in Table 1 along with their lags.
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Figure 2: Upper panels: Bayesian estimation of the observed number of Covid-19
cases during two study periods: March 14-June 2, 2020 (left) and April 18-July
2, 2020 (right). Lower panels: estimated cumulative effect of the measures taken
before April 18, 2020 (left) and June 19, 2020 (right).

The upper panels of Figure 2 contain the Bayesian estimation of the observed
process for both periods together with their respective 95% predictive regions. The
lower panels contain the posterior estimation of the cumulative effect of the inter-
vention along the post-intervention period.

The upper-left panel in Figure 2 shows the Bayesian estimation of the causal
effect using March 14, 2020 through April 18, 2020 data as the pre-intervention
period and April 19, 2020 through June 2, 2020 as post-intervention period. We
remark that between 342 and 697 cases represent a 95%-confidence interval of the
cumulative effect at June 2, 2020 of the set of interventions before April 18, 2020,
with a mean value of 526 cases. This mean value approximately represents a 47%
of the observed cumulative cases at June 2, 2020. The daily difference among the
expected (under the pre-intervention conditions) and the observed number of cases
is between 6 and 15 cases with the same confidence level, with a mean difference of
11 cases. In relative terms, there is a mean reduction of 54% in the number of daily
cases with a confidence interval of [35%, 71%] approximately.

The upper-right panel in Figure 2 shows the fitting with April 19, 2020 through
June 19, 2020 as pre-intervention period and June 20, 2020 through July 2, 2020
as post-intervention period. In this case the effect is the opposite. There is a
mean cumulative difference between observed and estimated cases of 1965 cases on
July 2, 2020. This represents a 48.8% of the observed cumulative cases at same
date. The daily difference among the observed and the expected number of cases
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Figure 3: Google mobility indices (solid lines) along with the sets of sanitary and
mobility measures (dashed lines). The sets of measures are defined in Table 2.

(under the pre-intervention conditions) is between 109 and 131 cases with the same
confidence level, with a mean difference of 120 cases. In relative terms, there is a
mean increase of 387% in the number of daily cases with a confidence interval of
[351%, 423%] approximately.

Table 2 contains the sets of measures from March 10, 2020 to June 21, 2020, just
before the community transmission started in Costa Rica. The conditional effect
of each set of measures is shown in the fourth column, measured by the p-value of
Pillai test. Note that all the sets cause a significant effect on the group of mobility
covariates when we take in account the weekly effect of mobility patterns. However,
the effect of mobility with respect to sanitary measures varies across time periods.
The first two sets are expected to show a larger effect because of the abrupt change
in mobility behavior during March 2020 (see Figure 3). Afterwards, the conditional
effect of additional measures is smaller, but set 4 shows a larger impact due to the
general mobility restriction during Holy Week in Costa Rica. Starting from set 5,
the subsequent mobility openings had a significant impact on Google’s indices and
the effect tends to decline by the end of June 2020.
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Discussion

As the transmission of the SARS-CoV-2 virus has progressed around the world,
the primary focus of decision makers has been to implement comprehensive public
health measures adapted to each country’s unique capacities and context [35]. With
the beginning of a new phase in the Covid-19 pandemic (as vaccination programs
become available, the emergence of new strains [36, 37], and behavioral patterns
and physical contacts constantly evolving), the necessity of balancing the social
and economic impact of sanitary measures, and understanding their effects on the
overall transmission in specific settings, are both of paramount importance.

For Costa Rica, the current study has demonstrated an association between san-
itary measures and variations in human mobility patterns, influencing the transmis-
sion dynamics of Covid-19 in the country. Through the use of change-points algo-
rithms, we were able to divide the time series data corresponding to the number
of confirmed cases from March 14, 2020 to July 2, 2020 in two periods where the
tendency of cases significantly varied. After the first detected change-point on April
18, 2020, the models were able to estimate a mean reduction of 54% in the number
of daily cases from the projected number. Based on the estimated lagged period
of seven days and the high correlation estimated by the Pillai test, this reduction
in the tendency of cases can be traced back to the set of sanitary measures taken
by the health authorities during Holy Week, from April 3, 2020 to April 12, 2020
[38]. In an effort to reduce human mobility during a holiday period for most of the
population, the Ministry of Health announced sanitary measures that were divided
in two phases. The first one from April 3, 2020 (Friday) to April 7, 2020 (Tuesday),
which involved the total restriction of vehicle circulation from 5pm to 5am, the
regulation of vehicle circulation by license plate from 5am to 5pm, the restriction to
long-distance public transportation for distances longer than 75 kilometers, and the
closure of commercial activity that involves attention to face-to-face public. The
second set of measures from April 8, 2020 (Wednesday) to April 12, 2020 (Sunday),
has been the most restrictive one that Costa Rica has taken throughout this on-
going pandemic. It included the total restriction of vehicle circulation, suspension
of public transportation, and limited access to commercial activities (only essential
services). During March and April 2020, the epidemiological context of the country
was led by well established clusters of cases and a slow increase in the number of
daily cases. However, the country was also in a race to increase hospital capacity,
mainly for intensive care units. This health crisis situation drove the Ministry of
Health to implement restrictive measures in order to flatten the curve of new cases,
to avoid the saturation of health care services and to give time to health officials
to increase the human resources, hospital beds, ventilators and personal protection
equipment necessary to care for the patients.

The epidemiological context and results of the second detected change-point
was very different from the first period. The analyses showed an increase of 387%
in the number of new daily cases with respect to the projection by the Bayesian
analyses. Before June 20, 2020, the country started the gradual reopening of com-
mercial activities, as the number of new cases were stabilizing and health officials
had started to increase hospital capacity. These measures started on May 1, 2020
[39], divided in periods of 14 days each and involved the gradual opening of busi-
nesses such as gymnasiums, movie theaters, beauty salons, hotels, as well as the
opening of beaches with restrictive schedules, and national parks [40]. On June 20,
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2020, the country was set to start a new phase of reopening, which coincided with
the celebration of Father’s day in Costa Rica. However, due to the increase in the
number of new cases, on June 19, 2020, the same date detected as change-point, the
Ministry of Health announced the suspension of all reopening activities, and instead
implemented the total restriction of vehicle circulation during that weekend (June
20-21, 2020) [41]. Besides the gradual reopening of commerce, the country was also
starting to witness an increase in the number of new cases detected in municipalities
located near the northern border of Costa Rica. The cases were mostly linked with
agricultural activities, with clusters being reported in locations such as processing
factories [42]. The incidence increase in that particular area of the country led
to the implementation of differentiated vehicle restrictions for the region. On the
first weeks of June, 2020, health authorities were also reporting an increase in the
number of new cases related to social activities [43]. Overall, during this second
period of the analysis, although mobility dynamics were positive correlated with the
implementation of the set of public health measures, the results of the Pillai test
showed a weaker conditional effect which can be expected due the complex inter-
action of the other social, economical and behavioural factors previously discussed.
Therefore, limiting the capacity of the models to accurately associate the increase
in daily new cases with the public health measures implemented during that period.

We remark that one of the limitations of the study is that mobility data is ag-
gregated at a national level. Therefore, it was impossible to analyse differences of
mobility by region. Moreover, the statistical analyses relied on a series of assump-
tions. For example, the use of a single midpoint to represent each set of measures
can change their real effect over the mobility series, or the effect not accounted by
the mobility data on the detected change-points can have more temporal structure
than the one assumed in Equation (1).

Despite these limitations, results from the study provide an initial effort to
quantify the changes in transmission dynamics of Covid-19 during different periods
in Costa Rica.
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