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A B S T R A C T   

Background: Studies have shown that human mobility is an important factor in dengue epidemiology. Changes in 
mobility resulting from COVID-19 pandemic set up a real-life situation to test this hypothesis. Our objective was 
to evaluate the effect of reduced mobility due to this pandemic in the occurrence of dengue in the state of São 
Paulo, Brazil. 
Method: It is an ecological study of time series, developed between January and August 2020. We use the number 
of confirmed dengue cases and residential mobility, on a daily basis, from secondary information sources. 
Mobility was represented by the daily percentage variation of residential population isolation, obtained from the 
Google database. We modeled the relationship between dengue occurrence and social distancing by negative 
binomial regression, adjusted for seasonality. We represent the social distancing dichotomously (isolation versus 
no isolation) and consider lag for isolation from the dates of occurrence of dengue. 
Results: The risk of dengue decreased around 9.1% (95% CI: 14.2 to 3.7) in the presence of isolation, considering 
a delay of 20 days between the degree of isolation and the dengue first symptoms. 
Conclusions: We have shown that mobility can play an important role in the epidemiology of dengue and should 
be considered in surveillance and control activities.   

1. Introduction 

Dengue, an acute disease caused by four virus serotypes belonging to 
the Flaviviridae family and transmitted mainly by Aedes aegypti mos
quito, is the arbovirus that most affects the human population world
wide [1,2]. Approximately four billion people in 128 countries are at 
risk of infection [3], with the number of reported cases growing every 
year. For example, in 2019 alone, the World Health Organization 
recorded more than four million cases of dengue worldwide, 75% of 
which occurred in the Americas [4]. In Brazil, the first epidemic 
occurred in the 1980s and since then, cases have been increasing 
dramatically. In 2015 it reached the mark of 830 cases per 100 thousand 
inhabitants [5], being considered the largest epidemic in the country. In 
2019 the dengue incidence rate reached 723 per 100 thousand 

inhabitants [6]. The most effective way to prevent outbreaks is to plan 
vector mosquito control strategies and minimize vector-to-human 
transmission, since vaccines against dengue (DENV) already developed 
or under development have not proven to be safe enough to be used 
routinely to control the disease [7]. 

Since Ae. aegypti rarely disperses over a distance of more than 100 m 
from breeding grounds, these mosquitoes are prone to rest and carry out 
the blood meal inside houses, residential buildings, work and study 
places, among others [8–10]. Thus, human movements can be important 
to explain the dynamics of urban transmission of DENV [11–13]. 
Although human mobility can lead to transmission at multiple spatial 
and temporal scales [14–16], it is at the finer scales (daily intra-urban 
human movements) that most important epidemic processes and 
emergency public health interventions are generally implemented [2]. 
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Empirical studies indicates that individual and spatial variability in 
frequency and number of contacts can lead to heterogeneous trans
mission, where some individuals or areas contribute disproportionately 
to the transmission of pathogens and, consequently, epidemic spread 
[17,18]. 

According to Barbosa et al. [19], most dengue cases occur in larger 
municipalities, considered to be the region’s pole municipalities, that is, 
the occurrence of dengue cases is related to the proximity of these mu
nicipalities. This phenomenon also leads us to consider the influence of 
human mobility on dengue transmission. According to official records, 
more than 60% of dengue cases registered in the period from 2010 to 
2020 occurred in municipalities with more than 100 thousand in
habitants, which represent approximately 70% of the state’s population. 
Also according to Barbosa et al. [19], the municipalities with the highest 
values of larval infestation presented more cases of dengue. However, 
these infestation indicators have not been able to indicate the chance of 
dengue occurrence, that is, it is not possible to measure the risk of cases 
from the mosquito’s entomological indicators, since there are multiple 
factors involved in the occurrence of dengue. 

The most populous state in the country, with approximately 45 
million inhabitants, Sao Paulo is also highly interconnected to Brazil and 
the world. Its main airport, São Paulo-Guarulhos International Airport, 
is the largest in Brazil, with direct passenger flights to 103 destinations 
in 30 countries and 52 domestic flight routes [20]. São Paulo’s status as 
an air traffic center can facilitate the rapid spread of viruses like DENV in 
the presence of the vector throughout our territory. 

The current COVID-19 pandemic and social isolation measures to try 
to stem the spread of the virus have drastically reduced human mobility 
in some of the most critical periods of the disease. Thus, it is possible that 
the transmission of DENV has also been altered due to this reduction in 
human movements [21]. Therefore, the objective of this study was to 
assess the influence of reduced mobility due to the COVID-19 pandemic 
on the occurrence of dengue cases in 2020 in the state of São Paulo. 

2. Materials and methods 

2.1. Study area and data acquisition 

The study had an ecological design of time series, covering the period 
from January 1 to August 11, 2020 (symptoms onset between 01-Jan- 
2020 and 11-Aug-2020, updated on 9-Sep-2020). The study area 
included the state of São Paulo, which registered a total of 183,792 
dengue cases [22] and 749,059 COVID-19 cases during the study period 
[23]. It is located in the Southeast region of Brazil (Fig. 1) and has a 
population of 44.6 million inhabitants, estimated for 2020, in a terri
torial area of 248,219 km2, which corresponds to a demographic density 
of 180 inhabitants per km2. The state capital is the municipality of São 

Paulo, with a population of 12.3 million inhabitants, the most populous 
municipality in the country. The state is home to 21% of the inhabitants 
of Brazil, its Gross Domestic Product in 2019 was R $ 2.1 trillion, cor
responding to 29% of the Brazilian GDP, and has a Human Development 
Index (HDI) of 0.783, the best among all states in the country. Its climate 
can be characterized as tropical. 

We use the number of confirmed dengue cases and residential 
mobility in the state of São Paulo in 2020, on a daily basis, from sec
ondary sources of information. The number of confirmed dengue cases 
was obtained from the databases of the Epidemiological Surveillance 
Center of the São Paulo State Secretariat [22]. The daily percentage 
variation of residential population isolation was obtained from the 
Google mobility database - residential category, which collects mobility 
information, anonymously, from the cell phone of the population of 
users who activated the “Google Location History” setting. This per
centage corresponds to the percentage variation of the population 
average of the time that users spent inside the home, from February 7, in 
relation to a baseline value, represented by the median observed on the 
same day of the week in the pre-epidemic period, of 3 from January to 
February 6, 2020 [24]. Negative values for this variable indicate that 
population mobility was greater than in the baseline period, positive 
values indicate lower mobility than baseline, that is, increased isolation. 

During the data evaluation period of this study, the state of São Paulo 
adopted measures of social distancing and a partial quarantine (isola
tion) due to COVID-19 pandemic, without performing a total lockdown 
at any time. The recommendations of the government of the state of São 
Paulo began on the 11th epidemiological week (EW) of 2020 and 
included temporary closing of services such as theaters, museums, li
braries, state cultural centers, shopping malls, academies, concerts, 
religious celebrations and other public events, as well as gradual sus
pension of classes in basic and higher education [25]. The quarantine 
was made official in the 13th EW, and it was implemented uniformly for 
all 645 municipalities of state, with the movement of people limited to 
activities considered essential as food, supply, health, banks, cleanliness, 
security and social communication, later observed the permanent use of 
face masks [26–28]. 

With the stabilization of the COVID-19 cases, the government of the 
state of São Paulo began to regionalize the measures of social distancing 
in the 23rd EW with the São Paulo Plan [29], which allowed the 
reduction of restrictions based on data about hospital occupancy and 
number of deaths, defining five restrictive levels [29]. By the end of this 
study, the São Paulo Plan was in the 10th scheduled update, with 86.1% 
of the population of the state of São Paulo in the yellow phase, consid
ered to be flexible [29]. The scenario referring to the type of restrictions 
in the state of São Paulo shows that the first measures adopted by the 
government were more rigid and preventive, presumably with different 
adherence rates between the municipalities, and later, a regionalized 

Fig. 1. Study Area. A. South America, Brazil and the state of São Paulo. B. State of São Paulo and its Capital (municipality of São Paulo).  
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flexibility was adopted, based on criteria related to the severity of the 
COVID-19 epidemic. Therefore, the use of the mobility report would be 
suitable for our study by providing information about the behavior of 
the population as a result of the policies adopted over time. 

Regarding the ethical aspects of the information used, it should be 
noted that the aggregated dengue data are in the public domain and are 
freely accessible on the websites of the São Paulo State Department of 
Health and the same applies to the Google platform mobility data. In this 
way, since it does not harm citizens’ secrecy and confidentiality, it is 
exempted from analysis by an ethics committee in research on human 
beings. 

2.2. Data analysis 

To evaluate the association between isolation and dengue occur
rence, regression models with negative binomial response were used. 
The response variable was the daily number of dengue cases and the 
explanatory variables were the daily percentage of isolation and two 
types of controls for seasonality. The first one was a smoother (a natural 
cubic spline function, with 8 nodes) [30] for the number of cases related 
to the long-term seasonality (mensal variability). The other was 
dummies for the days of the week to model short-term seasonality. To 
control for the presence of serial autocorrelation, commonly found in 
time series, a first order autoregressive component was added to the 
model. Once the non-linear character of the relationship between the 
percentage of isolation and the number of cases was found, it was 
decided to represent isolation by means of a dichotomous categorical 
variable, with “no isolation” levels (for values between − 4 and 0%) and 
“with isolation” (for values between 1 and 30%). 

It is reasonable to assume that there is a gap between the variation in 
isolation and the consequent impact on the number of dengue cases, that 
is, if an increase in isolation results in a decrease in the number of cases, 
this decrease does not occur on the same day, but some days after that 
increase. Thus, models were adjusted considering different lags for 
isolation: 5, 10, 15 and 20 days. The mean isolation was also considered 
in different periods prior to the onset of symptoms: in the last 7 days, 
between the 7th and the 14th day and between the 14th and the 21st 
day. All analysis and models were performed in R for Windows software. 

3. Results 

We found 185,806 confirmed dengue cases in the state of São Paulo 
between January 1st and August 11th of 2020 (829 cases per day, on 
average), the vast majority (72.9%) between January and March. From 
January 1st, the number of cases increased abruptly, reaching its peak 
on February 11th, when 2,620 cases were recorded. Thereafter, there 

was a decline until the end of the period (Fig. 2). In the 11 days observed 
in the month of August, the daily average was 37 cases. The number of 
cases was slightly higher on Mondays than on other days of the week 
(Fig. 3). 

The daily percentage of isolation ranged from − 4 to 30%. In the 
baseline period (January 3 to February 6), this variable assumed zero 
value. In most (57%) of the days between February 15 and March 13, 
isolation was negative, that is, the population spent more time away 
from home than in the baseline period. Thereafter, isolation was posi
tive, ranging from 2 to 30%, with a peak on April 10 (15th epidemio
logical week) (Fig. 2). 

The number of cases showed a significant correlation with all 
isolation measures considered, with an inverse relationship, that is, the 
greater the isolation, the smaller the number of cases. The greatest 
correlation was for isolation 20 days before the onset of symptoms 
(Table 1). In general, the number of cases was higher on days when 
isolation was negative or zero than on days when it was positive. On 
these two occasions, the median number of cases was 1712 and 205, 
respectively (Fig. 4). 

Table 2 contains the estimates for the relative risk, as well as for the 
percentage variation of the risk of contracting dengue on days with 
isolation when compared to days without isolation in regression models 
with successive inclusion of control variables. In a model that contains 
only isolation as an explanatory variable, the RR was 0.24, which cor
responds to a 75.6% decrease in risk on isolation days. The isolation 
effect decreased as control variables were included, but it remained 
significant, even after adjusting for the serial autocorrelation, using an 
order 1 autoregressive term. The estimates for the complete model (the 
last model in Table 2) are shown in Table 3. 

The RR was lower on all days of the week, when compared to 
Monday (p < 0.01 in all cases). According to the confidence intervals 
presented, there does not seem to be a difference between the RR of the 
other days. The risk of contracting dengue on days with isolation was 
0.91 (CI = 0.86: 0.96) times the risk on days without isolation, that is, 
the risk decreases around 9.1% (CI = − 14.2: -3.7) in the presence of 
isolation (Table 3). 

4. Discussion 

Our results showed an association between the presence of isolation 
and the occurrence of dengue in the state of São Paulo. The risk of 
occurrence of the disease was about 9% lower in the period in which 
there was isolation and remained significant even after the inclusion of 
successive control variables. Such variables allowed to take into account 
seasonality and the presence of autocorrelation frequently observed in 
daily data, providing more robust estimates. Several recent studies have 
shown the contribution of human mobility in the location and spatio- 
temporal evolution of the occurrence of dengue cases [2,13,31–33], 
either locally through long distance travel or migration. However, in 
general, the implications of spreading diseases are complex because 
contact between individuals is structured according to human activities, 
rather than assuming a random character. If hot spots of transmission 
and vector populations occur following some pattern, this can poten
tially provide targets for control interventions [32]. 

The characteristics of mosquito Ae. aegypti of biting during the day, 
usually inside the buildings and with reduced flight radius, make the 
transmission have a localized character. Considering that human 
mobility connects different areas, possibly with different population 
densities of mosquitoes, it can be deduced that the population’s move
ment pattern is an important factor to define the dynamics of trans
mission and spread of dengue. According to Soriano-Panos et al. [34], 
understanding the interdependence between human mobility and 
contagion processes is one of the keys to explain the onset and devel
opment of large-scale epidemics. Such knowledge can expand the ability 
to target areas of origin and areas where transmission can spread, or at 
least help to reduce costs associated with these efforts. For Schaber [2], 
there are two important conditions that must be considered in an 

Fig. 2. Number of dengue cases (blue, left) and percentage of daily isolation 
(pink, right) over time. State of São Paulo, January to August 2020. (For 
interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 
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epidemic: illness, which makes the person stay at home longer, 
increasing the chance of being bitten by a mosquito and maintaining 
local transmission around the environment; and cases of asymptomatic 
or oligosymptomatic individual, who continues to move and takes the 
disease to other areas, causing the cycle to repeat itself. Such conditions 
and their influence on both spread and disease control may vary based 
on population, cultural and socioeconomic distribution and density, that 
is, they may vary from city to city according to their structure [32] . It is 
important to consider that human mobility, especially of infected in
dividuals, can create multiple waves of dengue, making it essential to 
consider different mobility models, since they can present different re
sults [35]. 

The results found in our study showed a greater correlation for 
isolation 20 days before the onset of dengue symptoms, which is ex
pected considering the disease cycle. Mosquitoes are infected by biting 
an infected human (viremic stage), and can then transmit the infection 

to others after an extrinsic incubation period (IPE) of 8–12 days [36]. 
After the intrinsic incubation period (IIP), which already occurs in the 
host and lasts approximately 4–15 days, dengue symptoms begin to 
manifest [37]. The adult vector Ae. aegypti survives on average for 30 
days [38]. Consequently, the estimated lag time can be as short as 20 

Fig. 3. Distribution of the daily number of dengue cases according to the day of week. State of São Paulo, January to August 2020.  

Table 1 
Spearman’s correlation coefficients between daily number of dengue cases and 
daily measures of residential isolation.  

Isolation Spearman 

In the same day − 0,33* 
In 5th day before − 0,39* 
In 10th day before − 0,45* 
In 15th day before − 0,51* 
In 20th day before − 0,55* 
7-day moving average − 0,31* 
Average between the previous 7th and 14th day − 0,40* 
Average between the previous 14th and 21st day − 0,48* 

* p-value < 0,001. 

Fig. 4. Distribution of the daily number of dengue cases according to resi
dential isolation. State of São Paulo, January to August 2020. 

Table 2 
Relative risk and percentage variation of risk in the presence of isolation (delay 
of 20 days from the onset of symptoms of dengue cases) in regression models 
with successive inclusion of control variables. State of São Paulo, January to 
August 2020.  

Explanatory variables RRa CI 95% 
(RR) 

PV 
(%)b 

CI 95% 
(PV) 

p-value 

Isolation (lag 20 days) 0.24 (0.19 : 
0.31) 

- 
75.6 

(- 80.9: 
- 75.6) 

<0.001 

Isolation (lag 20 days) +
seasonality 

0.90 (0.82 : 
0.98) 

- 9.9 (- 17.5: 
- 9.9) 

0.02 

Isolation (lag 20 days) +
seasonality + day of week 

0.88 (0.82 : 
0.95) 

- 
11.8 

(- 18.4: 
- 11.8) 

<0.001 

Isolation (lag 20 days) +
seasonality + day of week +
first order autoregressive 
component 

0.91 (0.86 : 
0.96) 

- 9.1 (- 14.2: 
- 3.7) 

<0.001  

a Risk of contracting dengue in the isolation period (1–30%) when compared 
to the non-isolation period (− 4 to 0%). 

b (RR-1)*100: Percentage variation in the risk of contracting dengue due to 
isolation. 

Table 3 
Estimates of the final regression model for the occurrence of dengue cases, 
considering isolation with a 20-days delay from the onset of symptoms. State of 
São Paulo, January to August 2020.  

Explanatory 
variables 

RRa CI 95% 
(RR) 

PV 
(%)b 

CI 95% (PV) p-value 

Day of week 
Monday 1.00  0   
Tuesday 0.84 (0.81 : 

0.88) 
- 15.8 (- 19.4: - 

12.0) 
<0.001 

Wednesday 0.85 (0.81 : 
0.90) 

- 14.8 (- 19.5: - 9.9) <0.001 

Thursday 0.84 (0.80 : 
0.89) 

- 15.5 (- 20.2: - 
10.6) 

<0.001 

Friday 0.93 (0.88 : 
0.98) 

- 7.4 (- 12.3: - 2.2) <0.001 

Saturday 0.88 (0.83 : 
0.92) 

- 12.3 (- 16.7: - 7.7) 0.005 

Sunday 0.87 (0.84 : 
0.91) 

- 12.6 (- 16.1: - 8.9) <0.001 

Isolation 
No (- 4% to 0) 1.00  0   
Yes (1 a 30%) 0.91 (0.86 : 

0.96) 
- 9.1 (- 14.2: - 3.7) <0.001 

+ Controlled for seasonality and autocorrelation. 
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days if the dengue vectors bite a susceptible host in the first days after 
IPE. But it is important to remember that there are other variables that 
influence EIP and IIP, such as environmental conditions [39,40]. 

Our findings are in agreement with those reported by Ref. [41] which 
also evaluated the impact of COVID-19 related mobility restriction 
(lockdown) on the risk of dengue in Sri Lanka. They found homogeneous 
reduction of dengue risk at all levels during the lockdown. Overall an 
88% reduction in risk was observed at the national level and the highest 
impact was observed among children aged less than 19 years [41]. The 
analysis using the mobility restrictions as a natural experiment suggests 
mobility patterns to be a very important driver of dengue transmission. 
Unlike what we observed in the state of São Paulo and Liyanage et al. 
[41] observed in Sri Lanka, Nacher et al. [42] showed that the number of 
dengue cases increased in French Guiana during social distance due to 
the COVID-19 pandemic, which occurred simultaneously with the rainy 
season. Therefore, it is difficult to separate the respective individual 
contributions from isolation and environmental conditions (temperature 
and rain) in the control of mosquitoes and dengue, since these factors 
interact with each other [42]. 

In this work we made several assumptions to simplify the analysis 
and the model built. We restricted the study to a Brazilian state and 
neglected spatial heterogeneities due to the lack of spatial data. In the 
future, more realistic simulations of dengue should include data on the 
distribution of the population within a city, the presence of potential 
mosquito breeding sites and other land cover characteristics that help to 
explain spatial heterogeneities. The inclusion of environmental vari
ables, such as temperature and precipitation, can also serve as a proxy to 
explain the vector’s reproduction time and the frequency of dengue 
cases. However, our study is one of the first to use human mobility data 
on a daily scale and associate them with the number of dengue cases, but 
it is certainly not an exhaustive exploration of the implications of human 
mobility patterns for the control of this disease. 

Another point that deserves to be highlighted is that the reduction in 
the registration of dengue cases during the quarantine period may have 
been influenced by underreporting, as suggested by others [43]. Since 
we do not have data available to assess this issue, we should consider 
this as a limitation of our study. The mobilization of epidemiological 
surveillance teams to respond to the emergence of the COVID-19 
pandemic after the confirmation of the first cases in Brazil may have 
caused delay or underreporting of dengue cases. Moreover, we believe 
that it should be greater for mild cases than for severe cases of dengue 
fever. On the other hand, Liyanage et al. [41] performed a sensitivity 
analysis and showed that the ratio of non-severe to severe dengue 
remained in the same range as before during the pandemic in Sri Lanka. 
In addition, most dengue cases have symptoms that overlap with 
COVID-19 cases, sharing clinical characteristics [20], and some studies 
also have reported the existence of dengue and COVID-19 coinfection 
[44]. This coinfection is possible, especially if the Aedes aegypti vector is 
present in endemic areas such as the state of Sao Paulo. Likewise, it is 
possible to diagnose dengue even when the patient was diagnosed with 
COVID-19 [44]. Ideally, all cases should be diagnosed by RT-PCR for 
SARS-CoV-2 and dengue virus, for multiple reasons, including possible 
cross-reactivity [45,46]; nevertheless, some studies in Brazil have sug
gested that the risk serological cross-reactivity between dengue and 
COVID-19 is low [47]. 

Despite the various limitations to which the results and conclusions 
of this study are subject, its strongest point lies in the opportunity to test 
the hypothesis of the influence of mobility on the occurrence of dengue 
in a real-life situation. This was made possible by the COVID-19 
pandemic experienced in the study area and across the planet, which 
has social isolation as one of the main control measures. The restrictions 
on people’s displacement and mobility created a favorable situation to 
test the study’s hypothesis. Even if simple modeling only partially covers 
complex problems such as the occurrence of dengue, advancing the 
understanding of the role of mobility in the epidemiology of this con
dition, made possible by the present study, should be a goal to be 

pursued [48]. Another strength of the study refers to the use of adequate 
statistical modeling to assess the relationship between dengue and 
mobility restriction, which takes into account the influence of seasonal 
factors inherent to the studied phenomenon, as well as lags between 
isolation and the occurrence of cases. 

The current situation of the disease, with repeated seasonal epi
demics, suggests the need for changes in the strategies currently used 
and the improvement of surveillance actions [49,50]. Some studies point 
to integrated control as the best alternative, but reveal major de
ficiencies in the areas of management, entomology, communication and 
financing [51]. In addition, particularly for the dengue control program, 
there is evidence that indicates low coherence and small scope achieved 
in relation to general and specific objectives, indicating the need to 
update the theoretical-logical model at different levels of management 
[52]. Despite the continuous activities implemented by the state of São 
Paulo and its municipalities, the historical series shows a cyclical in
crease in incidence, associated with a constant rate of infestation over 
the last 30 years [53]. In this context, actions directed exclusively to the 
vector are verified, and human mobility has been considered little or 
nothing as a relevant element in control strategies until now. 

Based on our results, new studies on the influence of mobility on the 
occurrence of dengue cases may be developed, on a regional basis, from 
different units of analysis such as municipalities or other types of ter
ritorial organization (intra or interregional), both in the state of São 
Paulo and in other Brazilian territories. Such analyzes may provide 
particular information to certain local characteristics which, if taken 
into account, may assist managers in making decisions. 

5. Conclusions 

By establishing a time lag between the occurrence of dengue and 
social isolation, adjusting for seasonality, it was possible to show the 
inverse relationship between the two variables. Considering a 20-day lag 
between the degree of isolation and the occurrence of the disease, it was 
found that the risk of contracting dengue decreased around 9.1% in the 
presence of isolation compared to the days without it. This result showed 
that mobility can play an important role in the epidemiology of dengue 
and should be a factor to be considered in future surveillance and disease 
control activities. 
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[52] Figueiró AC, Sóter AP, Braga C, Hartz ZMA, Samico I. Análise da lógica de 
intervenção do Programa Nacional de Controle da Dengue. Rev Bras Saúde 
Materno Infant 2010;s93-s106. https://doi.org/10.1590/S1519- 
38292010000500009. 

[53] Secretaria DE Estado Da SAÚDE. Grupo Técnico Arboviroses. Diretrizes para a 
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