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Resumen: Actualmente, el COVID-19 es considerado una de las mayores amenazas para la 
salud, la seguridad y la economía a nivel mundial. Un intenso movimiento de pasajeros in-
ternacionales puede ser crítico tanto para la contingencia como para la propagación de en-
fermedades en una situación de pandemia. Varios estudios sobre epidemias internacionales 
y nacionales y su evolución ya han sido abordados en la literatura médica. Sin embargo, aún 
existen pocos estudios para medir la influencia del transporte aéreo en la propagación del  
COVID-19 en Brasil. Por lo tanto, este artículo tiene como objetivo verificar si el movimiento de 
pasajeros aéreos internacionales influyó en la propagación del COVID-19 en Brasil. Para ello se 
analizó el tráfico aéreo y su concentración, tratando de identificar sus principales entradas y 
volumen de pasajeros. Posteriormente se utilizaron métodos de regresión estadística para es-
timar cómo los pasajeros provenientes de países contaminados por COVID-19 influyeron en la 
propagación de la enfermedad en Brasil. Como resultado principal, se constató que los pasaje-
ros extranjeros desembarcados están directamente relacionados con los casos de COVID-19 en 
el país, lo que convierte al transporte aéreo en una puerta de entrada del virus.

Palabras clave: aeropuerto internacional; movimiento internacional; COVID-19; modelado de 
regresión; propagación de la enfermedad.

Abstract: COVID-19 is currently considered one of the greatest threats to health, safety, and 
the economy worldwide. An intense movement of international passengers may be critical for 
either the contingency or the spread of disease in a pandemic situation. Various research on 
international and national epidemics and their evolution have already been addressed in the 
medical literature. However, there are few studies to measure the influence of air transport on 
the proliferation of COVID-19 in Brazil yet. Thus, this article aims to verify if the movement of 
international air passengers influenced the COVID-19 spreading in Brazil. Therefore, air traffic 
and its concentration were analyzed, trying to identify its main entrances and volume of pas-
sengers. After that, statistical regression methods were used to estimate how passengers com-
ing from countries contaminated by COVID-19 influenced the spread of the disease in Brazil. As 
a main result, it was found that foreign passengers disembarked in Brazil are directly related to 
the cases of COVID-19 in the country, making air transport a gateway to the virus in Brazil.

Keywords: international airport; international movement; COVID-19; regression modeling; 
disease spread.

Resumo: Atualmente, o COVID-19 é considerado uma das maiores ameaças à saúde, seguran-
ça e economia em todo o mundo. Um movimento intenso de passageiros internacionais pode 
ser crítico tanto para a contingência quanto para a propagação de doenças em uma situação 
de pandemia. Diversas pesquisas sobre epidemias internacionais e nacionais e sua evolução 
já foram abordadas na literatura médica. No entanto, praticamente não existem estudos para 
medir a influência do transporte aéreo na proliferação da COVID-19 no Brasil. Assim, este ar-
tigo tem como objetivo verificar se a movimentação de passageiros aéreos internacionais in-
fluenciou a disseminação da COVID-19 no Brasil. Para tanto, analisou-se o tráfego aéreo e sua 
concentração, procurando identificar suas principais entradas e volume de passageiros. Em 
seguida, métodos de regressão estatística foram usados   para estimar como passageiros vin-
dos de países contaminados pela COVID-19 influenciaram a disseminação da doença no Bra-
sil. Como principal resultado, constatou-se que os passageiros estrangeiros desembarcados no 
Brasil estão diretamente relacionados aos casos de COVID-19 no país, tornando o transporte 
aéreo uma porta de entrada para o vírus no Brasil.

Palavras-chave: aeroporto internacional; movimento internacional; COVID-19; modelagem 
de regressão; propagação de doenças.

Contribución del transporte 
aéreo internacional a la 
entrada de COVID-19 en Brasil1

Contribution of international 
air transport at the entrance  
of COVID-19 in Brazil

Contribuição do transporte 
aéreo internacional na entrada 
da COVID-19 no Brasil

1  Artículo resultado de una investigación so-
bre aeropuertos regionales y aviación nacional 
del Grupo de Investigación en Economía de Ae-
ropuertos y Transporte Aéreo - Airgroup del Pro-
grama de Posgrado en Ingeniería Civil de la UFPE.
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more than 5.3 million people until May 21, 2020, result-
ing in more than 340 thousand deaths. Besides caus-
ing damage to the global economy, the pandemic has 
been jeopardizing tourism and consequently, air trans-
port (uno, 2020). In this context, COVID-19 is currently 
considered one of the greatest threats to health, safe-
ty, and the economy at a global level. Several types of 
research on international and national epidemics and 
their evolution trends have already been addressed in 
the medical literature. The spread of a disease, with 
its epidemiological evidence on a global scale, has of-
ten been questioned as to whether it is related to air 
travel (Bogoch et al., 2020; Lau et al., 2020; Sokadjo & 
Atchadé, 2020; Wilder et al., 2003).

According to Kramer et al. (2016), using epidemio-
logical data combined with air and land transport data 
becomes significant in evaluating and identifying the 
geographical behavior of infectious diseases. Budd & 
Ison (2020) affirm that it is relevant to understand the re-
sults of transport practices during national lockdowns to 
develop a new future for transport in a post-COVID world.

Nikolaou & Dimitriou (2020) analyzed the dy-
namics of the spread of infectious diseases linked to 
air transport in the European continent. The results 
demonstrate the effectiveness of European epidem-
ic control. However, additional policy measures were 
proposed to manage these phenomena. Furthermore, 
the response time is essential since the aerial mode is 
often associated with land modes, contributing to the 
rapid spread of the disease.

Balcan et al. (2010) created the Global Epidem-
ic and Mobility (GLEaM) model integrating socio-de-
mographic and population mobility data. The authors 
expose a stochastic approach to the disease, spatial-
ly structured to simulate the spread of epidemics on 
a worldwide scale. The project for COVID-19 on the 
GLEaM platform is monitoring the virus in the United 
States of America.

Thus, studies that assess the likelihood of the 
spread of diseases worldwide, linked to transport sys-
tems, collaborate to identify the dominant paths of a 
given disease spread (Gautreau et al., 2008). Further-
more, these studies can fulfill a meaningful role in 
shaping containment policies and measures. 

Introduction

Among all transport systems, traveling by air can be 
considered one of the most important, due to its speed 
and safety while carrying people and goods (Couto et 
al., 2015). Air transport has shown consistent growth 
(icao, 2018; sac, 2020) when compared to other means 
for medium and long-distance trips. The intense in-
ternational movement of passengers worldwide was 
brought about by an increase in the number of passen-
gers and destinations, mainly in air transport hubs. In a 
pandemic situation, they can represent critical points 
for either the contingency or the spread of the trans-
mission of respiratory viruses.

The combination of an increasing number of pas-
sengers, motivated by the ease of air transport, with the 
risk of epidemic spreading has been a concern to public 
health authorities worldwide (Grout et al., 2017). Also, 
in recent years, several outbreaks of infectious diseas-
es transmitted by air have been reported during air trav-
el (Mangili et al., 2015). Aircraft transmission cases have 
been studied, such as Severe Acute Respiratory Syn-
drome (Olsen et al., 2003), influenza pandemic H1N1 
(Baker et al. 2010), Ebola virus (Mangili et al., 2015), 
and recently the COVID-19.

According to Sohrabia et al. (2020), in December 
2019, an unprecedented outbreak of pneumonia of un-
known etiology emerged in the city of Wuhan, Hubei 
province in China, which spread rapidly throughout 
the region. The virus was identified as a new corona-
virus, referred to by the International Virus Taxono-
my Committee (ictv) as Coronavirus 2, which causes 
a severe acute respiratory syndrome, the SARS-CoV-2 
(Benvenuto et al., 2020).

This disease, which might be lethal, is diagnosed 
by symptoms such as fever, sore throat, runny nose, 
cough, and difficult breathing (Paital et al., 2020). In 
January 2020, the new coronavirus, or COVID-19, was 
considered a public health emergency of internation-
al importance by the World Health Organization (who, 
2020). On March 11, 2020, the World Health Organiza-
tion (who) declared the disease a pandemic, affect-
ing more than 114 countries. This disease infected 
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with many countries, mainly in Europe and North 
America. Its international movement is significant. 
Brazil is the first one in South America in air traffic. So, 
it has several international flights arriving at and de-
parting from about 19 different airports (sac, 2020). 
Figure 1 represents the international airports receiving 
passengers from the European, Asian, American, and 
African continents in the months before the worldwide 
spread of COVID-19.

Figure 1. International Airports in Brazil
Font: Created by the authors.

The airports of Salvador (ssa), Fortaleza (for), 
Manaus (mao), Rio de Janeiro (gig), São Paulo (gru e 
vcp), and Recife (rec) were selected as the basis to test 
the trigger of the COVID-19 spread, as they represent 
the main entrance gates for international passengers 
in Brazil, which means around 90 % of all Brazilian air-
ports (anac, 2020). Figure 2 highlights the international 
air routes to the sampled airports.

Candido et al. (2020), using data from all inter-
national flights to Brazil from February to March, 5, 
2020, concluded that more than 50 % of all imported 
COVID-19 cases to Brazil, came from infected passen-
gers from Italy, and around 9 % and 8 % of cases came 
from infected passengers from China and France. 

Studies aiming to measure the influence of air 
transport on the proliferation of COVID-19, except for 
Candido et al. (2020), were not found in the literature 
either in Latin America or in Brazil. Therefore, this ar-
ticle aims to analyze the influence of the movement of 
international air passengers on the beginning of the 
COVID-19 dissemination process in Brazil, adopting a 
larger assessment period than Candido et al’s study, 
from December 2019, when the initial cases appeared 
worldwide, to the beginning of community transmis-
sion in Brazil at the end of March 2020. This research 
is relevant because Brazil is one of the most affected 
countries in the world. Furthermore, it may be a signif-
icant scientific contribution in discovering the factors 
that contributed most significantly to the COVID-19 
spread, and allowing comparisons between other 
countries and continents.

Materials and methods

It is necessary to analyze air traffic and its concentra-
tion to explain and verify the influence of the intensi-
ty of international air travel at the beginning of the 
spread of COVID-19 in Brazil. Initially, it was necessary 
to identify the main points of entry and their passen-
ger volume and subsequently use statistical regression 
methods to estimate the influence of passengers from 
countries with COVID-19 cases on the spread of the dis-
ease in Brazil.

Data base

Brazil is a relevant country in the domestic movement 
of passengers by air transport due to its continental 
dimensions. Moreover, as it has several tourist hubs 
throughout its vast territory and has close relations 

International Airports in Brazil
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around 39 countries had flights to Brazil. Angola and 
Cape Verde in Africa did not present any COVID-19 cas-
es until March 20, 2020. These data came from the re-
ports on the Evolution of COVID-19 released by the 
World Health Organization (who). The analysis gath-
ered data from February 26 to March 20, 2020.

Method

In this study, we used both simple and quantile re-
gression, as these modelings offer an extension of 
the simple regression estimate, based on the mean, 
for univariate conditional quantile functions through 
optimization of a linear objective function by parts in 
waste. Therefore, it is a statistical technique designed 
to estimate and conduct inferences on the conditional 
quantile functions (Koenker, 2015).

The author also states that it is a robust regression 
tool, with critical advantages over simple regression, 
including robustness to outliers, in the assumption of 

Figure 2. International flights landing in Brazil
Font: Created by the authors.

There was a significant concentration of routes 
from Western European and North American coun-
tries, where most disease cases were concentrated, 
after its onset in China. The number of passengers, 
who disembarked in Brazil there daily, was accounted 
for the analysis of this influence, based on data from 
the National Civil Aviation Agency (anac, 2020) from 
December 1, 2019 to March 31, 2020. This period was 
adopted to assess the international air passenger influ-
ence on imported disease cases. After March 31, 2020, 
COVID-19 infections have occurred through communi-
ty transmission, as informed by health authorities.

Due to community diffusion, the daily data re-
ported by the Brazilian states from February 26 to 
March 20, 2020, delivered by the Ministry of Health 
(Ministério da Saúde, 2020a), was used to determine 
the confirmed cases of COVID-19.

Other information utilized was the number of 
confirmed cases of COVID-19 in the countries with pas-
sengers arriving at the selected airports. Altogether, 

International Air Routers to Brazil
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A variation of the Equation 2 model was tested to 
analyze the relationship of new COVID-19 cases per day 
in a Brazilian states due to a higher number of interna-
tional passengers coming not only from Europe and 
the United States (ssa, for, rec, gru, vcp, and gig) but 
also from the states considered the epicenters in the 
country (mao), as a dependent variable and the pas-
sengers who were significant in the previous model. 
For this second model, we used panel data with dimen-
sions (6 states x 111 days), according to Equation 3:

New covid cases BR = (paxCountryi 
)  (3)

Results

This section presents the results of the modeling men-
tioned in the previous topic. The Gretl software (2017) 
has processed the models. Initially, model 01 identi-
fied the relationship between the number of interna-
tional passengers landing in Brazil and the number of 
COVID-19 cases in their countries of origin. This model 
aims to analyze the first perceptions and conduct the 
following models. According to Equation 1, Ordinary 
Least Squares (ols) estimates the parameters of model 
01 by the logarithmization of the variables to facilitate 
the direct analysis of the elasticities. Table 1 shows  
the results:

normal distribution and quantification of relationships 
through the complete distribution of the dependent 
variable. The interpretation of the estimated coeffi-
cients by quantile regression is similar to the simple 
regression coefficients; however, the advantage of us-
ing it is associated with the robustness tests of a result 
measured by simple regression and which indicates 
the median behavior observed, extending to the be-
havior of observed quantiles (Koenker, 2015).

Initially, we tested passengers disembarking 
from international flights as a dependent variable, and 
the number of cases of COVID-19 in the origin countries 
as an independent variable. According to Equation 1:

PaxInt = f (cumulativecovid19int
 cases)   (1)

Subsequently, the causal relationship between 
the cases of COVID-19 accumulated up to March 20, 
2020, was tested in the Brazilian states with the highest 
inflow of international passengers (ssa, for, rec, gru, 
vcp, and gig) and also the state of Amazonas (mao) con-
sidered the epicenters in the country as a dependent 
variable. While, the independent variable is passen-
gers disembarked that were significant in the previous 
model. For this second model, panel data was used 
with a daily series, according to Equation 2:

AccumulatedCovid19 CasesStates = f (paxCountryepicenters
) (2)

Table 1.
Model 1 international passengers with Simple Regression. Model 01: ols, observations 1-39 (n = 37) Dependent Variable: l_ Pax_Int

Coeficient Standard error t-ratio p-value

const 6.61522 0.903358 7.323 <0.0001 ***

l_COVID_country 0.528458 0.147392 3.585 0.0010 ***

var. dependent average 9.533151 S.D. var. dependente  2.749664

Sum of square residues 199.0684 E.P. regression  2.384884

R-square 0.268624 R-adjusted square  0.247727

F (1, 35) 12.85499 P-value(F)  0.001016

Log - likelihood −83.63125 Akaike Criterion  171.2625

Schwarz Criterion 174.4843 Hannan-Quinn Criterion  172.3983

Font: Created by the authors.
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To test the robustness of model 01, a quantile re-
gression was applied by adding the dummy variable 
(D_Epicenters_Int). This dummy variable is related to 
countries showing, at the time, a significant COVID-19 
incidence. We consider the dummy variable equal to 1 
when relating to epicenters with more than 2,000 cases 
by March 20, 2020. Moreover, they represent countries 
that maintain frequent flights to Brazil. In addition 
to Italy and China, Spain, the United States, Germa-
ny, France, Switzerland, the United Kingdom, and the 
Netherlands were added to the analysis of the Model 
02, as they were considered epicenters before Brazil.

Table 2 identifies the results of model 02, also de-
picting Equation 1. The observations are based on 39 
countries with flights to Brazil in the period.

Table 2. 
Model 2: Quantile estimates, using observations 1-39. Dependent 
variable: Pax_Int. Asymptotic standard errors assuming iid errors

tau coeficient error t-ratio

Const 0.050 55.9480 35.8638 1.56001

0.250 1704.07 822.607 2.07155

0.500 20377.6 5997.50 3.39768

0.750 57259.8 14622.1 3.91598

0.950 242332 17337.7 13.9772

D_Epicenters_Int 0.050 41459.9 93.6760 442.588

0.250 77645.7 2148.64 36.1371

0.500 73323.4 15665.4 4.68059

0.750 101154 38192.8 2.64851

0.950 465193 45285.8 10.2724

0.050 -0.473979 0.00272674 -173.826

COVID_country 0.250 -0.939748 0.0625431 -15.0256

0.500 -1.11642 0.455992 -2.44834

0.750 -1.91310 1.11172 -1.72084

0.950 -8.67314 1.31819 -6.57958

dependent var Median 34102.00 D.P. var. dependent 113636.2

Font: Created by the authors.

We observed that the dummy variable is statisti-
cally significant according to its t-ratio. All coefficients 
are positive, demonstrating a direct relationship with 
international passengers coming from these coun-
tries. The model shows that 41,459.9 passengers were 

Model 01 results in a R² determination coefficient 
of 0.268, which measures the model’s adherence to 
the data. However, we did not intend to predict, but to 
assess the tendency shown by the data as our aim is 
to find if there is a casualty link between Internation-
al Passengers landing in Brazil and the COVID-19 cas-
es in the country where these flights came. Thus, the 
independent variable, the logarithm of COVID-19 cases 
in their countries of origin, is statistically significant (p 
= 0,001) with a positive coefficient (0.528458). In other 
words, the number of COVID-19 cases in their countries 
of origin has a positive relationship with the number of 
international passengers disembarked in Brazil, which 
is controlled by the number of COVID-19 cases per 
country. Statistically, for an increase of 1 % of COVID-19 
cases in Brazil, in the period, almost 0.528 % of them 
might be a contribution from international passengers.

Subsequently, through the leverage and influ-
ence tests, as shown in figure 3, we tried to identify the 
countries with greater influence in model 01. At first, 
the countries numbered 31 and 10 (China and Italy), 
showed critical importance in the results as they rep-
resent the start of the pandemic worldwide and the 
first spread in Europe. This result corroborates with the 
findings of Candido et al. (2020) in Brazil.

Figure 3. Graph to identify influential observations - Leverage and influence
Font: Created by the authors.
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In all models, the adjusted determination coeffi-
cients (R²) present values ranging from 50 % to 98 %. 
Passengers disembarked from epicenter countries are 
positively related to cases of COVID-19 in the states of 
destination in Brazil within the confidence level of 0.01 
to 7 %. That is, the greater the number of passengers 
coming from the epicenters, the greater the increase in 
the number of cases of COVID-19 in the assessed Bra-
zilian states.

Thus, Model 06 was elaborated to investigate the 
real influence of the nine countries considered epicen-
ters and associate them with the trigger of COVID-19 
in Brazil, and also to analyze whether they all present 
the same percentages of virus spread. Furthermore, the  
model collaborates with the objective of validating 
the initial research hypothesis, in which it maintains a 
positive relationship between the international move-
ment of air passengers and the first cases of COVID-19 
in Brazil.

The estimation of Model 06 was made through 
ols, as shown in Equation 3. The structure of this pan-
el model is based on data from the five states with the 
largest number of cases in Brazil, up until March 20, 
2020. It also included, the State of Bahia, where there 
is also an international airport with a high frequency of 
flights from Europe and the United States of America. 
Table 4 indicates the results of this model.

Table 4. 
Model 6: Grouped ols, using 666 observations, 6 cross-cutting units 
included. Time series length = 111. Dependent variable: New Cases

Coeficient Standard 
error t-ratio p-value

Const 31.3899 3.51014 8.943 <0.0001 ***

Pax_Germany −0.00178739 0.00232573 −0.7685 0.4425

Pax_China 0.0314637 0.0115597 2.722 0.0067 ***

Pax_Spain −0.00407064 0.00207678 −1.960 0.0504 *

Pax_USA −0.00178106 0.00106776 −1.668 0.0958 *

Pax_France 0.00400711 0.00251358 1.594 0.1114

Pax_Netherlands −0.0128736 0.00356195 −3.614 0.0003 ***

Pax_Italy −0.0508459 0.00513997 −9.892 <0.0001 ***

Pax_UK 0.0279609 0.00319712 8.746 <0.0001 ***

Pax_Switzerland 0.00847840 0.00442319 1.917 0.0557 *

influenced by 5 % of COVID-19 cases, 77,645.7 were in-
fluenced by 25 % of COVID-19 cases, and so on.

On the other hand, the variable COVID country 
did not adopt the logarithmic model, but the results 
supported the thesis, since when evaluating the cas-
es of COVID in these countries, the coefficient was neg-
ative, demonstrating that with the increase in cases 
of COVID worldwide, there was a decrease in interna-
tional passengers. Since the government adopted re-
strictive measures on air transport, lots of flights and 
routes have been temporarily canceled (Monmous-
seau et al., 2020).

Also, we noticed from Model 02 and the variable 
D_Epicenters_Int, that foreign passengers related to 
COVID-19 cases had come from those countries where 
cases were confirmed before Brazil. It can be explained 
as these regions were epicenters of the pandemic, fol-
lowing China, where the pandemic started (Ceylan 
2020; Lau et al. 2020).

Thus, models 03, 04, and 05 were processed. The 
purpose of these models was to find a causal relation-
ship, according to Equation 2. In other words, the cases 
of COVID-19 in Brazilian states with passengers coming 
from epicenter countries were investigated. It is worth 
mentioning that the Brazilian states with the most cas-
es of coronavirus are the ones where the international 
airports are located, which means passengers disem-
barking from the epicenters before March 20, 2020.

Table 3 compares three models estimated using 
the Ordinary Least Squares Method (ols). There were 
few observations, only six Brazilian states, but the 
models showed results statistically significant.

Table 3. 
Comparison of models using ols

Type of 
model

Model 03 Model 04 Model 05

lin-lin log-lin log-log

Variable 
dependent

COVID_ES ln_COVID_ES ln_COVID_ES

Coef p-value Coef p-value Coef p-value

Const 14.6143 0.2597 3.00532 0.0059*** -5.0283 0.127

Pax_Epi 0.000446 0.0001*** 0.00000385 0.0695*  

ln_Pax_Epi    0.8032 0.027**

R² adjusted 0.976388 0.50306 0.679119

Font: Created by the authors. Continues
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From this data, Spain, the United States, the 
Netherlands, and Italy showed a significant (p-value ≤ 
0.05) but negative correlation. Thus, it is not possible 
to support the relationship between new coronavirus 
cases and passengers landing from these countries. Fi-
nally, Germany, France and other countries the param-
eters were insignificant in the performed analysis.

The variables of interest are the level changes 
within the categories (du_1 to du_6). The other vari-
ables are the effects control of the countries. Regard-
ing the categorical variables representing the states, 
we observed that all showed a negative sign, except 
for the State of São Paulo. It points out that São Pau-
lo presents a more intense influence in new COVID-19 
cases, associated with the arrival of passengers from 
other countries, while the State of Amazonas reveals 
the lowest.

Discussions

The results of this research indicate that the number of 
COVID-19 cases in the world has negatively influenced 
the number of passengers who disembarked from in-
ternational flights in Brazil. This fact was already ex-
pected, as the explosion of COVID-19 cases in countries 
with more connections to Brazil caused air travel to 
decrease. In addition, not only air transport from Bra-
zil but also worldwide had to be repressed, either with 
reduced routes or flight cancellations. These measures 
were supported by regulatory agencies, as well as by 
federal and state governments.

The results of Model 01 infer that there was a 
positive relationship between the number of interna-
tional passengers landed in Brazil and the number of 
COVID-19 cases in the respective countries, which cor-
roborates with the measures articulated by govern-
ment officials, regulatory bodies, and health agencies 
to restrict air transport during epidemic periods. How-
ever, according to Nikolaou & Dimitriou (2020), the re-
sponse time of these decisions is fundamental to visa 
control. In the case of Brazil, these actions did not 
take place in due time. For example, while European 

Coeficient Standard 
error t-ratio p-value

Pax_Other −0.00112601 0.00110774 −1.016 0.3098

du_1 −31.3990 3.30657 −9.496 <0.0001 ***

du_2 −32.1331 3.38475 −9.494 <0.0001 ***

du_3 −30.3955 3.19540 −9.512 <0.0001 ***

du_4 −31.3104 3.25638 −9.615 <0.0001 ***

du_5 −25.4810 2.85404 −8.928 <0.0001 ***

Time 0.0180875 0.00670906 2.696 0.0072 ***

Dependent var. 
average

 0.939940 S.D. dependent var.  6.778737

Sum of square 
residues 

 18018.27 E.P. of regression  5.269073

R-squared  0.410351 R-adjusted square  0.395814

F (16, 649)  28.22837 P-value (F)  5.98e-64

Log likelihood −2043.198 Akaike Criterion  4120.395

Schwarz Criterion  4196.917 Hannan-Quinn 
Criterion

 4150.044

Rô  0.060410 Durbin-Watson  1.235243

Font: Created by the authors.

Model 06 constitutes as a dependent variable 
the new cases of COVID-19 in the six analyzed states. 
As independent variables were used, passengers dis-
embarked from countries that were considered signif-
icant in Model 2 (China, Italy, Spain, the United States, 
Germany, France, Switzerland, the United Kingdom, 
and the Netherlands) and passengers from other coun-
tries. In addition, categorical variables (du_1 to du_6) 
were included in order to represent the states, namely:  
1 = Bahia, 2 = Amazonas, 3 = Ceará, 4 = Pernambuco,  
5 = Rio de Janeiro and 6 = São Paulo. Finally, it was in-
cluded a time trend variable in the relationship among 
the variables.

The model results in a coefficient of determina-
tion R² of 0.41. This could be considered a low value 
for prediction. In searching for causality, it is more rel-
evant to analyze its significance by the p-value. When 
analyzing the coefficient of the variables, it seems that 
passengers from China, the United Kingdom, and Swit-
zerland contributed positively and significantly (p-val-
ue ≤ 0.05) to the increase in cases of COVID-19 in the 
Brazilian States. It is important to highlight that the 
only states that received passengers disembarked from 
these countries were Rio de Janeiro and São Paulo.
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than the state of Amazonas, for example. The models 
03, 04, and 05 showed that passengers disembarked 
from epicenter countries are positively related to 
COVID-19 cases in the states of arrival, that is, the great-
er the number of passengers, the higher the number of 
cases in the states. As a result, there is a significant re-
lationship between the movement of air passengers 
and the number of confirmed cases in these states.

However, passengers from countries considered 
epicenters might not have the same trigger intensities 
as the virus spread in Brazilian states. Thus, the last 
model comprised testing the casualties of internation-
al passengers with the number of COVID-19 cases in 
the Brazilian states previously mentioned. In addition, 
this model seeks to answer the critical study objective. 
So, is it possible that international air transport was 
the trigger for the spread of COVID-19 in Brazil?

Model 06 includes daily data on the new COVID-19 
cases and passengers disembarked from the most crit-
ical countries as well as passengers coming from the 
other countries. The results show that passengers 
from China, the United Kingdom, and Switzerland con-
tributed positively to the increase in COVID-19 cas-
es. These results corroborate the studies by Lau et al. 
(2020), which suggest a strong relationship between 
COVID-19 infections and the movement of internation-
al air passengers.

However, when comparing states, São Paulo re-
vealed a more significant influence on international 
passengers with increasing COVID-19 cases. The oth-
er states demonstrated less influence compared to São 
Paulo, being the state of Amazonas the one to exert the 
lowest influence.

The results indicate that the gateway for the virus, 
through air transport, was the State of São Paulo. São 
Paulo presents the International Airport of São Paulo/
Guarulhos as the international airport with the highest 
number of passengers, having passengers disembarked 
from all countries that were epicenters of COVID-19 be-
fore Brazil, in addition to being the main international 
hub airport. In 2019, the airport had a demand of almost 
43 million passengers, both international and national.

Due to the large territorial extension of Brazil, 
most people travel not only by air transport, but also by  

countries were experiencing a gradual return of the 
air mode with some necessary health restrictions, Bra-
zil had suffered a drop of 98 % in international pas-
sengers, compared April 2019 with April 2020, and for 
domestic passengers, 94.5 % (sac, 2020).

Model 02 was processed to test the robustness 
of model 01 and ascertain the relationship between 
international passengers landed, and the number of 
COVID-19 cases in the countries analyzed. In the mod-
el, categorical variables were also used, representing 
the countries considered as epicenters in this study, 
with more than 240 thousand cases of the coronavirus 
before March 20, 2020.

Thus, countries like China, Italy, Spain, the United 
States, Germany, France, Switzerland, the United King-
dom, and the Netherlands are positively associated 
with the total passengers who disembarked in Brazil. It 
is worth mentioning that most of these countries con-
stitute direct routes to the airports of the states that 
have registered the highest number of COVID-19 cases 
in Brazil, which are Ceará, Pernambuco, São Paulo, and 
Rio de Janeiro.

The model also showed that the number of 
COVID-19 cases in the countries previously mentioned 
had a significant, and negative correlation with the 
number of international passengers disembarked in 
Brazil. It suggests that as the cases increased, air pas-
senger numbers decreased. It demonstrated that peo-
ple decided to travel less, reinforcing the measures 
taken by the regulatory agencies to stop air transport.

With these first results showing a strong correla-
tion with passengers originating from the most af-
fected countries, new tests were carried out to find a 
causal correlation among passengers disembarked 
from these countries with the states with the highest 
number of COVID-19 cases in Brazil, before March 20, 
2020, and which airports have international air routes. 
According to Sokadjo and Atchadé (2020), we can as-
sume that when passenger air traffic increases, the 
number of COVID-19 cases may also increase.

Besides the states of Amazonas, Ceará, Pernam-
buco, Rio de Janeiro, and São Paulo, the state of Bahia 
was included on the list, which, despite not registering 
many cases, received more international passengers 
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The southeastern states of Rio de Janeiro and 
São Paulo also show a significant number of confirmed 
cases and deaths. Rio de Janeiro presents this num-
ber of cases as it is considered a highly touristic state. 
In addition, many international flights to Rio have con-
nections in São Paulo. And São Paulo, as an economic 
business hub, attracts many foreigners as well as Bra-
zilians from all over the country.

According to Suau et al. (2020) the larger airports 
like the ones considered in this study will be the first to 
attract new airlines to provide safe traffic and stay on 
the market. Then these conclusions on the problem of 
the spread of COVID-19 among countries on different 
continents can help governments and their technical 
and managerial bodies plan new action strategies, or 
in more precise terms, plan actions to combat and mit-
igate the spread of diseases like COVID-19.

Conclusion

A few studies associating air transport and the spread 
of respiratory viral diseases were reviewed in the liter-
ature. Concerning Brazil, only one work was related to 
this theme. Large parts of the studies are in the med-
ical field. Therefore, this article pointed out a gap in 
studies on viral diseases related to air transport, in ad-
dition to represent a current theme in the global con-
text and of importance to several agencies, airport 
operators, concessionaires, and users of the system.

The main result of this work identified that the ini-
tial trigger of the disease was the virus’s arrival in Brazil, 
through international air passengers from China, the 
United Kingdom, and Switzerland, disembarking at air-
ports in Sao Paulo. For future research, it is suggested: 
(i) the application of spatial statistics in order to verify 
the spatial pattern of the virus spread in Brazil; (ii) in-
dividual analysis of each international airport in order 
to find the air routes responsible for the main dissem-
inators of the virus; (iii) the evaluation of the spread of 
the virus in Brazil due to regular domestic air routes; 
(iv) the analysis of the contribution of other means of 
transport in Brazil to the spread of the disease, mainly 

road. Thus, it is possible that the coronavirus cases 
spread to other states through the movement of do-
mestic passengers and by other transport means. Bra-
zil comprises 26 states and one federal district (ibge, 
2020). The airports of the State of São Paulo, São Paulo 
International Airport/Guarulhos and Campinas Inter-
national Airport/Viracopos present regular domestic 
routes to all Brazilian states.

It is convenient to point out, that due to the vast 
territorial extension of Brazil, a diversity of both cli-
mate and temperature, as well as cultural and eco-
nomic differences, the State of Amazonas presents the 
least influence of new cases of COVID-19 associated to 
the arrival of international passengers, followed by Ba-
hia, Pernambuco, Ceará and Rio de Janeiro.

It is worth noting that, due to Brazil’s vast territo-
rial extent, a diversity of climate and temperature, as 
well as cultural and economic differences, the State 
of Amazonas has the least influence on new COVID-19 
cases associated with the arrival of international pas-
sengers, followed by Bahia, Pernambuco, Ceará, and 
Rio de Janeiro.

In the State of Amazonas, up to May 24, 2020, 
there were 29,867 coronavirus cases and 1,758 deaths 
(Ministério da Saúde, 2020b). According to the Nation-
al Institute of Meteorology-INMET (2020), this state 
presented the highest national rainfall index, with an 
average of 3,000 mm in 2019. 

Therefore, in addition to rainfall factors influencing 
the spread of COVID-19 in the State of Amazonas, which 
is in line with the study of Sobral et al. (2020), social and 
economic factors are fundamental for the spread of  
the disease through community transmission.

This article also confronts the results obtained by 
Sajadi et al. (2020), as the case of Brazil revealed that a 
hot and tropical climate also enables the spread of the 
virus. The number of confirmed COVID-19 cases in Bra-
zil, until May 25, 2020, was the second worldwide, be-
ing behind the United States only.

Regarding the northeastern states, Pernambuco, 
Ceará, and Bahia, all of them had high numbers of con-
firmed cases of the virus and a high number of deaths, 
except for Bahia, which until May 24, 2020, had 460 
deaths.
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