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SUMMARY
OBJECTIVE: The aim of this study was to analyze and compare the indicators of urban mobility and the number of new cases of 

COVID-19 recorded daily between 2020 and 2021.

METHODS: An observational study was carried out involving new cases of COVID-19 registered daily in the state of Pernambuco, Brazil 

between March 12, 2020 and March 28, 2021 and six indicators of urban mobility. For analysis, the study was divided into two periods: 

the first was composed of 295 days and represents the year 2020 and the second was composed of 86 days and represents the year 

2021. Spearman’s non-parametric correlation was used.

RESULTS: In 2021, the greatest reductions in relation to the baseline were observed in parks (-29.0) and in retail and recreation areas 

(-28.7). However, these reductions were smaller than those observed in the previous year, indicating a greater circulation of people in 

2021 when compared with mobility in 2020. In contrast, in residential areas, there was a reduction in the percentage change in relation 

to the previous year (11.2 in 2019 and 7.6 in 2021). In grocery and pharmacy, there was an increase 1.8 times greater than that observed 

in 2020 (9.1 in 2020 and 17.0 in 2021). It is also noteworthy that the daily average of new cases almost doubled in value (753.4 in 

2020 and 1409.1 in 2021).

CONCLUSION: More vigorous measures must be taken to adequately control the pandemic.
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INTRODUCTION
In late 2019, the city of Wuhan in China recorded an outbreak 
of a rapidly progressing pneumonia. On January 7, 2020, the 
disease was named coronavirus disease 2019 (COVID-19), 
and its causative agent was identified as severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2)1. On March 11, 
2020, the World Health Organization (WHO) declared the 
COVID-19 pandemic2. At that time, there were already more 
than 118,000 cases in 114 countries and more than 4,000 deaths3.

In Brazil, the first case of COVID-19 was confirmed on 
February 26, 2020 in the state of São Paulo4. Until March 5, 
national transmission appeared to be sporadic, with 85.3% 
(n=29/34 cases) of confirmed cases being of imported origin5. 
However, on March 20, 2020, community transmission was 
evidenced4. On April 26, 2021, 14 months after the confir-
mation of the first case, Brazil ranks third in the world in the 
number of cases (14.3 million cases) and second in the num-
ber of deaths (392,200 deaths)3.
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In Pernambuco, northeastern Brazil, the first cases were 
registered on March 12, initially individuals with a history 
of travel to Italy6. The large flow of individuals, the circula-
tion between neighboring cities, and the urban agglomeration 
observed in the metropolitan region of Recife and in the Zona 
da Mata region may have been decisive factors for the acceler-
ation of the pandemic in the state of Pernambuco7. As of April 
30, 2021, the state recorded 406,500 cases and 14,000 deaths 
from COVID-194.

In the absence of proven effective drugs against COVID-19, 
non-pharmacological measures have been implemented as alter-
native behavioral pathways with the aim of slowing down the 
spread of the virus8. Among the set of measures implemented 
is the restriction of urban mobility, which is pointed out as a 
viable alternative since the transmission of coronavirus is highly 
dependent on the spatial behavior of individuals. Therefore, this 
study aimed to analyze and compare the indicators of urban 
mobility and the number of new cases of COVID-19 recorded 
daily between 2020 and 2021.

METHODS
An observational study was carried out involving new cases of 
COVID-19 registered daily in the state of Pernambuco, Brazil 
between March 12, 2020 and March 28, 2021 and six indica-
tors of urban mobility as follows: 

i.	 mobility trends in retail and recreation (restaurants, 
cafes, shopping centers, theme parks, museums, librar-
ies, and movie theaters), 

ii.	 mobility trends in grocery and pharmacy (grocery mar-
kets, food warehouses, farmer markets, specialty food 
shops, drug stores, and pharmacies), 

iii.	 mobility trends in parks (national parks, public beaches, 
marinas, dog parks, plazas, and public gardens), 

iv.	 mobility trends in transit stations (public transport hubs 
such as subway, bus, and train stations), 

v.	 mobility trends in workplaces, and 
vi.	 mobility trends in residential areas. Data regarding 

new cases of COVID-19 were obtained from consol-
idated records from the Ministry of Health and State 
Health Departments (https://covid19br.wcota.me/), and 
mobility data were obtained from Google community 
mobility report (https://www.google.com.br/covid19/
mobility/).

The mobility indicators consider the daily percentage change 
in relation to a baseline. The baseline value is defined by the 
median of the corresponding weekday over the 5-week period 
(from January 3 to February 6, 2020). This means that this 

baseline concerns an urban mobility pattern before the entry 
of SARS-CoV-2 in the region. The closer to the baseline, the 
more the movement of people in the places approaches a pat-
tern considered normal, that is, before the pandemic. Positive 
values (above the baseline) represent an increase in the circu-
lation of people in the places, and negative values represent a 
reduction in circulation in relation to that same baseline.

For analysis, this study is divided into two periods: the first 
was composed of 296 days and represents the year 2020 (March 
12, 2020 to December 31, 2020), and the second was com-
posed of 86 days and represents the year 2021 (January 1 to 
March 28, 2021). The measures of central tendency (mean and 
standard deviation, SD) and dispersion (minimum and maxi-
mum) of the indicators studied were analyzed, and Spearman’s 
non-parametric correlation was used to evaluate the relation-
ship between the variations in mobility and the number of new 
cases of COVID-19. A 5% significance level was considered. 
Since we used secondary data from the public domain, we 
did not need the approval of the Research Ethics Committee.

RESULTS
In 2020, the largest reductions from the baseline occurred in 
retail and recreation areas (-36.0; SD 21.9) and in parks (-32.9; 
SD 18.9). Positive mean values, i.e., increased movement of 
people compared with baseline, were observed in grocery and 
pharmacy areas (9.1; SD 23.9) and residential areas (11.2; 
SD 4.8). It should be noted that the average number of new 
cases registered daily in 2020 was 753.4; SD 533. In 2020, 
Spearman’s correlation showed that the closer to the baseline 
(median person circulation observed in the period before the 
pandemic – January 3 to February 6, 2020) in retail and recre-
ation areas (rho 0.187; p=0.001), grocery and pharmacies (rho 
0.291; p<0.001), parks (rho 0.136; p=0.019), transit stations 
(rho 0.149; p=0.001) and workplaces (rho 0.185; p=0.001), 
the greater is the number of new cases of COVID-19 regis-
tered daily. An inverse relationship was observed in mobility 
in residential areas (rho -0.127; p=0.030), indicating that the 
more people circulating in these regions, the fewer new cases 
were registered on a day (Table 1). 

In 2021, the greatest reductions in relation to the baseline 
were observed in parks (-29.0; SD 13.4) and in retail and rec-
reation areas (-28.7; SD 12.2). However, these reductions were 
smaller than those observed in the previous year, indicating 
a greater circulation of people in 2021 when compared with 
mobility in 2020. In contrast, in residential areas, there was a 
reduction in the percentage change in relation to the previous 
year (11.2; SD 4.5 in 2020 and 7.6; SD 2.5 in 2021). In gro-
cery and pharmacy, there was an increase 1.8 times greater than 

https://covid19br.wcota.me/
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that observed in 2020 (9.1; SD 23.9 in 2020 and 17.0; SD 7.8 
in 2021). It is also noteworthy that the daily average of new 
cases almost doubled in value (753.4; SD 533.3 in 2020 and 
1409.1; SD 597.4 in 2021). In 2021, only the indicator of 
social mobility in workplaces (rho= -0.280; p=0.009) showed 
an inverse relationship with the number of daily new cases of 
COVID-19 (Table 1).

It is important to note that mobility restriction measures 
are implemented at peak times of the pandemic and their 
effects will appear in the following 2–3 weeks. For this reason, 
it is not possible to have a perfect synchrony between mobil-
ity restriction and daily cases of COVID-19 since the effect on 
case reduction will occur after the intervention. In addition, 
case drops are observed on weekends due to a decrease in case 
notifications. Details of the daily variation in the time series 
are shown in Figure 1.

DISCUSSION
The changes in the correlations between social mobility indi-
cators and the number of new cases of COVID-19 observed in 
the first three months of 2021 may indicate the changes in the 
dynamics of COVID-19 transmission in the region, caused by 

factors such as the beginning of vaccination of risk groups, the 
emergence of new variants, the loosening of social distancing 
measures, and even signs of a possible seasonality of COVID-19.

The first dose of vaccine against COVID-19 was applied 
in Brazil on January 19. On that date, many other countries 
had already started mass vaccination of the population, such 
as Israel, the United Kingdom, and the USA. The slow vacci-
nation process in Brazil places it in the 67th place in the world 
ranking of countries that have applied at least one dose of the 
vaccine against COVID-19, totaling 13.71% of the population 
on April 30, 20219. The delay in the population’s immuniza-
tion may result in more new cases of COVID-19 and a greater 
chance of the appearance of variants, such as the one identified 
in the northern region of the country at the beginning of 202110. 

Scientific evidence reveals that the strains that circulate in 
Brazil, despite not being more virulent, have greater infectivity10. 
This facilitated transmission, associated with the lower social 
distance observed in 2021, may have increased the contagion, 
resulting in an increase in cases in 202111. This may explain 
why we found no statistical significance in the relationship of 
new cases and social mobility in the year 2021, except in work-
places (rho -0.280; p=0.009). There is no clear explanation as 
to the inverse relationship between mobility in workplaces in 

Table 1. Descriptive analysis and Spearman’s correlation between urban mobility variation and registration of daily new 
cases of COVID-19. Pernambuco, Brazil, March 2020 to March 2021.

March 12, 2020 to December 31, 2020 
(296 days)

January 01, 2021 to March 28, 2021 
(86 days)

Descriptive 
analysis

Spearman’s 
rank correlation 

coefficient

Descriptive 
analysis

Spearman’s 
rank correlation 

coefficient

Min–
Max

Mean 
(SD)

December 03, 
2020 to December 

31, 2021

Min−
Max

Mean 
(SD)

January 01, 2021 
to March 28, 2021

A – Retail and recreation 
(percentage change from baseline)

-78.0; 
5.0

-36.0 
(21.9)

0.187 
(p=0.001)

-63.0; 
-16.0

-28.7 
(12.2)

0.053 
(p=0.626)

B – Grocery and pharmacy 
(percentage change from baseline)

-58.0; 
83.0

9.1 (23.9)
0.291 

(p<0.001)
0.0; 
35.0

17.0 (7.8)
-0.038 

(p=0.727)

C– Parks (percentage change from 
baseline)

-74.0; 
23.0

-32.9 
(18.9)

0.136 
(p=0.019)

-63.0; 
0.0

-29.0 
(13.4)

-0.174 
(p=0.106)

D – Transit stations (percentage 
change from baseline)

-67.0; 
73.0

-20.9 
(24.5)

0.149 
(p=0.001)

-41.0; 
0.0

-14.6 
(8.7)

-0.029 
(p=0.787)

E – Workplaces (percentage 
change from baseline)

-68.0; 
28.0

-16.3 
(18.7)

0.185 
(p=0.001)

-27.0; 
6.0

-6.7 (7.3)
-0.280 

(p=0.009)

F – Residential (percentage change 
from baseline)

-1.0; 
24.0

11.2 
(4.8)

-0.127 
(p=0.030)

5.0; 
14.0

7.6 
(2.5)

0.27 
(p=0.805)

G – Number of new cases of 
COVID-19

0.0; 
2512.0

753.4 
(533.3)

−
215.0; 
2786.0

1409.1 
(597.4)

−

Min: minimum; Max: maximum; SD: standard deviation.
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2021 with the daily number of cases. It is possible that there is 
a relationship with the opening of trade with health protocols 
and vaccination, although it is not possible to say, requiring 
detailed investigations in this regard.

Since the beginning of the pandemic in 2020, a series of 
non-pharmacological measures have been implemented to con-
tain the transmission of the virus-remote work, school closures 

and remote education, reduced transportation flow, closure of 
nonessential services, and even more restrictive measures such 
as complete trade closures12. As a result, a greater circulation of 
people in residential areas and an inversion relationship with a 
lower number of cases was observed, given the impacts of these 
measures on the virus transmission chain. In contrast, in 2021, 
with the relaxation of the measures and the gradual return of 

Figure 1. Temporal evolution of the daily variation of new cases of COVID-19 and urban mobility by sector. Pernambuco, 
Brazil, March 2020 to March 2021.
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commercial activities, there was a reduction in the movement 
of people in these areas.

Another important issue that occurred at the beginning of the 
pandemic was the increased circulation of people in pharmacies and 
drugstores. Among the factors associated with this dynamic are12-14 

i.	 the fear of virus contamination (coronaphobia), 
ii.	 the fear of a shortage of medications for continuous use, 
iii.	 the search for treatments and/or prophylaxis dissemi-

nated through fake news, and 
iv.	 the increased incidence of other emotional problems, 

such as anxiety, depression, and compulsive disorders, 
among others. 

In addition, the emergence of new cases of COVID-19 
may also be related to a possible seasonalization process of the 
disease. Although this study does not provide details about this 
hypothesis, due to the need for a larger time series than the one 
available, this characteristic is known for other viruses, such as 
H1N1, H3N2, and influenza B15. 

CONCLUSIONS
The Brazilian epidemiological scenario – complex and dynamic 
– characterized by the greater circulation of people, delay in vac-
cination, emergence of new variants, use of clinical protocols not 
sanctioned by science, and the lethargy of the Brazilian govern-
ment, we believe that the pandemic is still out of control and far 
from over. We hope that more energetic measures will be adopted 
in line with the scientific knowledge produced so far by scien-
tists worldwide for adequate control of the pandemic in Brazil.
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