
U
N

CO
RRE

CTE
D

 M
A
N

U
SC

RIP
T

1 
 

Expansion of COVID-19 within Brazil: the importance of highways 

Running title: The role of highways in the spread of COVID-19 

Rodrigo F Carmo, PhD
1,2

; Bruno EBR Nunes, BSc
3
, Michael F Machado, PhD

3
, 

Anderson C Armstrong, PhD
1
, Carlos DF Souza, PhD

3 

 

1 
Postgraduate Program in Health and Biological Sciences, Federal University of Vale 

do São Francisco (UNIVASF), Petrolina, Pernambuco, Brazil. 

2
 Postgraduate Program in Biosciences, Federal University of the São Francisco Valley 

(UNIVASF), Petrolina, Pernambuco, Brazil 

3 
Department of Medicine, Federal University of Alagoas (UFAL), Arapiraca, Brazil. 

 

Financial support: None 

 

Correspondence: 

Prof. Rodrigo Feliciano do Carmo. Universidade Federal do Vale do São Francisco. Av. 

José de Sá Maniçoba, s/n, Centro, Petrolina-PE, Brazil. Phone: +55 87 2101-6862. E-

mail: rodrigo.carmo@univasf.edu.br 

 

Key words: 2019-nCoV, coronavirus, epidemiology, SARS-CoV-2, pandemics, spatial 

analysis, travel. 

 

 

 

 

 

 

 

 

 

© International Society of Travel Medicine 2020. All rights reserved. For Permissions, please
e-mail: journals.permissions@oup.com

D
ow

nloaded from
 https://academ

ic.oup.com
/jtm

/article-abstract/doi/10.1093/jtm
/taaa106/5863927 by guest on 21 July 2020



U
N

CO
RRE

CTE
D

 M
A
N

U
SC

RIP
T

2 
 

 

 

 

 

 

 

 

 

Highlight: The highways were important routes for the dissemination of SARS-CoV-2 

to the interior of the state of Pernambuco, Brazil after the introduction of the disease by 

international air travel. 

The first cases of COVID-19 were reported in the People’s Republic of China 

and quickly spread across the world.
1
 The first case in Latin America was confirmed on 

February 26, 2020, in São Paulo, Brazil.
2
 Soon after the disease was detected, the 

number of cases and deaths increased daily, being Northeast Brazil one of the most 

affected regions, especially the state of Pernambuco, the second highest mortality rate in 

the country (36.4 deaths per 1 million population in April).
3
 We explore the importance 

of transportation routes in the process of expanding COVID-19 to the countryside of 

Pernambuco.  

We conducted an ecological study involving all confirmed cases of COVID-19 

registered in the state of Pernambuco between March 12, 2020, date of the first 

registered case and May 28, 2020. This period comprises 12 epidemiological weeks 

(EW), from 11th to 22nd. Data on confirmed cases were obtained from the Rede 

CoVida panel (https://covid19br.wcota.me/), population data were obtained from the 

Brazilian Institute of Geography and Statistics 

(https://sidra.ibge.gov.br/home/ipca15/brasil), the network of municipalities was 
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obtained from the Brazilian Institute of Geography and Statistics 

(https://www.ibge.gov.br/geociencias/downloads-geociencias.html) and the highway 

network was obtained from the National Department for Infrastructure of Transportation 

(https://www.gov.br/dnit/pt-br). After data collection, an exploratory spatial analysis of 

the number of confirmed cases by municipality of residence was carried out according 

to EW. 

The first confirmed case of COVID-19 in Pernambuco occurred on March 12, 

2020 (EW 11) in the capital, Recife, located in the Atlantic coast. Recife has the busiest 

international airport, when compared to neighbor states (likely the entrance door). In 

EW 12 (03/21/2020), only three municipalities registered cases (Recife, Jaboatão dos 

Guararapes and Belo Jardim). In EW 13, the first cases of the disease are recorded in the 

state's backlands (Petrolina) and in Caruaru (intersections of BR 232 and BR 104). 

From EW 14 onwards, there was a more sustained growth in the number of 

municipalities affected by COVID-19 as the interiorization process appears to follow 

the main highways, paticularly BR 232. In EW 15, cases were registered in Arcoverde 

(BR 232 and BR 424), Sertânia (BR 232 and BR 110) and Salgueiro (BR 232, BR 116 

and BR 361). On May 28, Pernambuco totaled 30,713 cases of COVID-19, distributed 

in 177 municipalities (95.6%). A total of 26 municipalities had more than 100 

confirmed cases and, together, were responsible for 87.9% (n = 26,998) of the state's 

cases (Figure 1). 

It is known that commercial flights were an important means of introducing 

COVID-19 in Brazil and subsequently played a role in interstate dissemination.
4
 

Pernambuco capital confirmed the first case of COVID-19 in the state and may have 

contributed to the initial spread through local commercial flights.  However, the 

sustained disease spread to the interior followed the BR 232 highway route. The 
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highway is 563 kilometers long and cuts through Pernambuco from the coast to the 

hinterland (https://infraestrutura.gov.br/), being the main route for people who travel 

inward the state. 

International routes should also be considered when assessing the COVID 

introduction and spread. Previous reports have shown a particular vulnerability in Brazil 

regarding potential unregulated international migration from neighbor countries and the 

consequent importation of vaccine-preventable diseases
5,6

. It might also be true for other 

infectious diseases such as COVID-19. 

Our results demonstrate that local transportation particularities play an important 

role in the relentless advance of COVID-19. While potentially carrying the virus, these 

routs may also be important in the essential goods chain supply. Knowing the disease 

migration pattern aids preventive actions to contain pandemic diseases. 
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Figure legends 

 

 

Figure 1. Expansion of confirmed cases of COVID-19. Pernambuco, Brazil, March 12 

to May 28, 2020. 
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