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ARTICLE INFO  ABSTRACT 
 

The COVID-19 pandemic hit the transport sector alarmingly, causing damage throughout Brazil. 
To minimize economic damage to the transport sector, in addition to preserving the health of the 
population, this study aimed to survey biosafety measures through the biosafe system, which 
minimize the risks of contagion by COVID-19 in road transport in passengers in the Brazilian 
Amazon. Through a survey of buses with the biosafe system, which operate in the road transport 
of passengers traveling interstate in the Amazon region of Brazil, the criteria registered by the 
World Health Organization for the prevention of the virus were certified. For each criterion, a 
survey of a biosafety measure was carried out. To protect the contagion areas, the use of a mask 
inside the bus was mandatory, hand hygiene was performed using gel alcohol dispersers, the 
distance was performed by readjusting the layout in individual seats, disinfection of the 
environment with ultraviolet light technology and health conditions of passengers with 
measurement of body temperature upon boarding. The application of the biosafe system in the 
road transport of passengers is important to guarantee the quality of life and well-being, 
preventing the spread of COVID-19 among passengers. 
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INTRODUCTION 
 

The road transport of passengers is an essential economic activity for 
the provision of displacement of people, luggage and parcels across 
the national territory. In Brazil, all road transport services are 
regulated by the National Land Transport Agency, which is the 
authority responsible for the escalation and control of the activity 
throughout the country (Oliveira Neto and Santos 2021). The 
Coronavirus Disease 2019 (COVID-19) pandemic affected the 
transport sector in an alarming manner, causing enormous damage 
throughout Brazil, coupled with enormous negative impacts. The 
main premise for preventing COVID-19 is social isolation. This 
measure has a direct impact on the road passenger transport sector, 
especially in underdeveloped countries such as Brazil, as it reduces 
vehicle circulation and causes incalculable damage to companies in 
this sector (Werneck and Carvalho 2020; Lima et al. 2020). Faced 
with this problem, the biosafe system arises.  

 
 
 
This is a methodology based on the criteria of the World Health 
Organization (WHO), with a focus on ensuring protection for the road 
transport of passengers through biosafety measures, thus providing 
greater security (Marcopolo 2020; World Health Organization 2020). 
The biosafe system was initially tested and approved in the 
laboratory, obtaining 99.99% effectiveness.  
 
This appears as a guarantee of safe resumption of passenger transport, 
in the face of the COVID-19 pandemic, contributing to ensuring the 
health of road transport users (Podzorova et al. 2020; Universidade de 
Caxias do Sul 2020). Therefore, the objective was to survey biosafety 
measures through the biosafe system to minimize the risks of 
contagion by COVID-19 in road transport of passengers in the 
Amazon region of Brazil. 
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MATERIALS AND METHODS 
 
The research was carried out on two buses that operate in the 
interstate passenger road system. Thus, transport is carried out by air-
conditioned buses, equipped with chassis of the Mercedes Benz brand 
(Model O-500RSD BlueTec 5), with a Marcopolo Paradiso G7 1600 
LD body, with a capacity for 34 passengers and manufactured in 
2020. Regarding the route, buses operate between the states of Pará 
and Maranhão, in the Amazon region of Brazil. It consists of a route 
of 592 km on asphalt pavement, lasting 10 hours. Considering the 
same mileage to return, the bus makes a total of 1184 km of total 
route. This is an observational study with inquiry, whose sample 
consisted of buses equipped with a biosafe system as a prevention 
methodology for COVID-19. According to the WHO (World Health 
Organization 2020), to prevent the spread of the virus in confined 
environments that generate an agglomeration of people, the following 
criteria must be met: 
 
 Protection of contagion and transmission areas; 
 Sanitization of hands; 
 Social distancing; 
 Environment disinfection; 
 Passenger health conditions. 

 
For each criterion, an evaluation result was obtained, in order to 
guarantee the applicability of the biosafe system for the purpose for 
which it was proposed. 
 

RESULTS 
 
Protection of contagion and transmission areas: In order to meet the 
criteria for protecting the areas of contagion and transmission, the 
biosafe system adhered to the obligation that, at the time of boarding, 
the passenger wears protective face masks. These must be used by 
passengers and employees in collective environments and within the 
vehicle limits. If the passenger does not have a face mask at the time 
of boarding, an employee of the transport company will supply 
disposable masks, thus ensuring the continuity of the journey for the 
passenger. 
 
Sanitization of hands: Using the biosafe system, storage containers 
and an alcohol gel dispenser were installed. These were installed near 
the bus access door (Figure 1). The activation is performed manually, 
allowing for safe, quick and easy hand hygiene, before and after each 
trip. 
 

 
 

Figure 1. Containers for storage and with gel alcohol dispenser 

 
Social distancing: To meet the criterion of social distancing, the 
biosafe system modified the internal layout of the bus seats. For this, 
the seats were distributed in a line with three individual seats (Figure 
2), so that the spacing between them was 1×1×1 meter. To 
complement social distancing, antimicrobial curtains were installed 
between each armchair, serving as a physical barrier for social 

distancing (Figure 3). The curtains were made with material based on 
flexible PVC laminate, which facilitates cleaning and eliminates the 
possibility of propagation of droplets between the seam holes. 
 

 
 

Figure 2. Armchairs distributed in rows with three individual 
seats 

 

 
 

Figure 3. Antimicrobial curtains between the seats 
 

Environment disinfection: To meet the criteria for disinfecting 
environments, the biosafe system introduced ultraviolet light (UVL) 
technology for disinfecting toilets (Figure 4). The system consists of a 
set of ultraviolet luminaires that are activated automatically after 
using the toilet. 

 

 
Source: Marcopolo (2020). 

 
Figure 4. Ultraviolet light for toilet disinfection 

 
Passenger health conditions: In order to prevent the spread of the 
virus through the resumption of road transport, the criterion of 
passenger health conditions requires that, at the time of boarding, all 
passengers are subject to individual body temperature measurement 
by means of digital thermometers (Figure 5).  
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Figure 5. Measurement of passenger body temperature with 

digital thermometers 

 
If a possible suspicion of COVID-19 is identified, that is, passengers 
with a body temperature above 37 °C, some measures are important 
to be taken in order to protect other passengers. Passengers identified 
with symptoms of fever will be sent to a specialized health unit 
closest to the embarkation point for rapid testing of COVID
not, their ticket will be rescheduled at the next available time. If the 
test shows a positive result, the passenger will undergo treatment at 
home, respecting social isolation, retaking the test after 15 da
starting treatment. After this period, if the retest is negative, it will be 
able to board and carry out the trip respecting the safety criteria.
 

DISCUSSION 
 
Protection of contagion and transmission areas: 
infectious particles needed to cause an infection is often uncertain or 
unknown for respiratory pathogens. In addition, there is often 
uncertainty about the influence of factors such as duration of 
exposure and the nature of clinical symptoms on the likelihood of 
person-to-person transmission of the infection. (Halpin 
Hallal et al. 2020). For this reason, the mandatory use of masks in 
confined environments, as in the case of passenger transport buses, 
limits the transmissibility of COVID-19, drastically reducing the 
chances of contagion. For the protection to be effective, the ideal is 
for the mask to cover the entire nose and go down to the chin, so that 
no gaps are formed where droplets can enter (Garcia 2020; Hallal 
al. 2020; Sousa Neto and Freitas 2020; Schettino 
et al. 2021). 

 
Sanitization of hands: To meet the hand hygiene criteria, it is 
essential that there is constant washing with soap and water, both by 
passengers and employees. This is the best way to prevent the spread 
of the virus, however, in the impossibility of this action, the use of 
alcohol-based disinfectants are the most recommended methods 
(Sequinel et al. 2020a; Nascimento 2020). Alcohol in gel became an 
essential item in the face of the COVID-19 pandemic. Its use for hand 
hygiene works to minimize the risk of contamination through indirect 
contact, which occurs when the virus is transferred from one surface 
to another by contaminated hands, reaching other people who have 
contact with that surface. Therefore, if the passenger is contaminated 
with COVID-19, there is a likelihood of a reduction in the spread of 
this virus with other passengers (Sequinel et al. 2020b; Fernandes and 
Ramos 2020; Fröhlich et al. 2021). 

 
Social distancing: Social distancing measures have already been used 
to mitigate past epidemics and pandemics, such as influenza, severe 
acute respiratory syndrome (SARS), and H1N1 influenza (Bell 2004; 
Markel et al. 2007; Fong et al. 2020), they are currently widely 
recommended for mitigating and combating the COVID
(Ferguson et al. 2020).  
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Figure 5. Measurement of passenger body temperature with 

identified, that is, passengers 
with a body temperature above 37 °C, some measures are important 

Passengers identified 
with symptoms of fever will be sent to a specialized health unit 

tion point for rapid testing of COVID-19 and, if 
not, their ticket will be rescheduled at the next available time. If the 
test shows a positive result, the passenger will undergo treatment at 
home, respecting social isolation, retaking the test after 15 days of 
starting treatment. After this period, if the retest is negative, it will be 
able to board and carry out the trip respecting the safety criteria. 

Protection of contagion and transmission areas: The number of 
infectious particles needed to cause an infection is often uncertain or 
unknown for respiratory pathogens. In addition, there is often 
uncertainty about the influence of factors such as duration of 

on the likelihood of 
person transmission of the infection. (Halpin et al. 2020; 
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confined environments, as in the case of passenger transport buses, 

19, drastically reducing the 
chances of contagion. For the protection to be effective, the ideal is 
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no gaps are formed where droplets can enter (Garcia 2020; Hallal et 

Sousa Neto and Freitas 2020; Schettino et al. 2021; Ortelan 

To meet the hand hygiene criteria, it is 
essential that there is constant washing with soap and water, both by 

to prevent the spread 
of the virus, however, in the impossibility of this action, the use of 

based disinfectants are the most recommended methods 
Alcohol in gel became an 

19 pandemic. Its use for hand 
hygiene works to minimize the risk of contamination through indirect 
contact, which occurs when the virus is transferred from one surface 
to another by contaminated hands, reaching other people who have 

surface. Therefore, if the passenger is contaminated 
19, there is a likelihood of a reduction in the spread of 

. 2020b; Fernandes and 

distancing measures have already been used 
to mitigate past epidemics and pandemics, such as influenza, severe 
acute respiratory syndrome (SARS), and H1N1 influenza (Bell 2004; 

. 2020), they are currently widely 
r mitigating and combating the COVID-19 pandemic 

Scientific evidence indicates that the adoption of this strategy in 
various scenarios has been effective in containing the uncontrolled 
advance of COVID-19 cases, however it results 
and economic impacts (Malta et al
this reason, it is important that there is a careful assessment of the 
most appropriate epidemiological moment for the application of these 
measures (LIMA 2020; Silva et al. 2020). In this case, the adoption of 
spaced seats with antimicrobial curtains allows the safe resumption of 
road transport of passengers, minimizing the risk of contagion during 
the journey. 
 

Environment disinfection: UVL is capable of inactivating 
microorganisms, limiting their ability to grow and multiply when 
inhaled or aspirated from surfaces. This system is more than 99.9% 
efficient in its antimicrobial action, eliminating viruses, bacteria and 
other microorganisms, including other coronaviruses (
2020). In general, sanitary facilities are characterized by the presence 
of biological hazards. In addition to the microorganisms present in the 
excreta, there is also the inherent moisture in the environment that 
directly influences the survival of bacteria, pro
environment for their proliferation (Nascimento 
al. 2019). The COVID-19 virus can be transmitted through excreta, 
raising the hypothesis of fecal-oral transmission (Heller 
Jesus et al. 2021). In situations where objects or even the environment 
itself are contaminated, if the site is not properly sanitized, the virus 
can remain viable for up to 72 hours, causing new transmissions 
(Aquino et al. 2020; Nascimento et al
 

Passenger health conditions: Regarding the clinical and laboratory 
findings of confirmed cases of COVID
cases show symptoms of fever (Huang 
febrile condition as a warning sign for confirming a possible 
contamination of passengers by the virus (Torres 
is essential to identify passengers with this condition before entering 
the bus environment, so that, if the passenger is infected with the 
virus, the contamination will not be spread to others.
 

CONCLUSION 

 
The biosafety interventions provided through the biosafe system are 
configured in methods of protection and promotion offered to public 
health, guaranteeing the safety of passengers through criteria proven 
by the WHO. This appears as a measure to guarantee
life and well-being, preventing the spread of COVID
that is currently a concern due to the alarming numbers of deaths and 
sequelae. Thus, aiming at the need for displacement, in view of those 
who do not have other means, the m
insurability of these passengers. 
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