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Abstract: The SARS coronavirus 2 pandemic affected many areas of public life and industry. This also applies to research particularly 
that which relies on user test studies. In order to minimize the risk of infection, several aspects of experiment design including the 
setting might require alteration. In order to develop a step-by-step approach to plan a study with regard to infection protection, an 
extensive review of the latest research involving the SARS coronavirus 2 pandemic as a blueprint for dealing with other health 
situations. As a result, a six-step concept was developed that is applicable for user test studies in both stationary rooms and vehicles 
which can be adapted to the respective circumstances. The infection protection measures determined through research were 
implemented in the individual sub-steps from study planning to execution. They allow a step-by-step approach to prevent infections 
in user test studies during a pandemic and in situations where increased hygiene measures are required, in order to continue to carry 
out user test studies. 
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1. Introduction 
Due to the pandemic, triggered by SARS Coronavirus 2 (SARS-CoV-2) in 2019, all areas of daily life are 

reduced in order protect against infection [1]. This also affects companies and scientific institutions that carry 
out user test studies, which either cannot take place or must strictly comply with infection protection 
measures. Therefore, the potential bigger impact of a postponement with the comparatively less effort 
required to implement infection protection measures has to be taken into account. In order to allow such 
work to continue, a holistic approach considering pandemic characteristics and indicators with various 
extensive hygiene measures, can enable subject studies to continue without increasing the risk of infection. 
For this purpose, an extensive review of recent research was carried out and a concept was developed using 
the example of the COVID-19 pandemic. 

1.1 SARS-CoV-2 
On December 31st of 2019, Chinese authorities reported the occurrence of a viral pneumonia from the 

city of Wuhan [2]. This was caused by a novel coronavirus, now known as SARS-CoV-2. The disease, which 
is triggered after an infection, is called coronavirus disease 19 (COVID-19) [3]. 

 
1.1.1 Background 

SARS-CoV-2 is transmitted mainly from person to person via direct and indirect contact. Direct 
transmission of viruses in humans takes place mainly through droplet infection (by breathing, speaking, 
coughing or sneezing) [4] [5]. However, it is also possible via (direct) contact infection [6]. The number of 
droplets delivered is greatest when coughing and the lowest when breathing. When speaking, six times fewer 
droplets are given than when coughing, but the number of droplets delivered when speaking depends on 
volume and pronunciation [7]. 
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The aerogenic route of infection describes the transmission of viruses via aerosols and droplet cores. 
These are either delivered directly by breathing, speaking, coughing or sneezing by humans or are produced 
as evaporative products of droplets. Mixtures of droplet cores and air are called aerosols [4]. It is assumed 
that viruses remain infective for about three hours after the evaporation process of the droplets in which they 
were embedded [8]. If the infectivity persists, infection may occur if virus-containing aerosols and droplet 
cores are inhaled [4]. 

The indirect contact infection, or lubrication infection, takes place via the indirect contact of persons. 
Indirect contact means that although there has been no direct contact between the persons, they have touched 
the same object or surface one after the other and as a result infection occurs as soon as virus-containing 
droplets reach the mucous membranes of the upper respiratory tract or the eyes conjunctiva [6] [4]. Viruses 
are expected to remain active on a surface for up to 72 hours [8]. The average incubation period is five to six 
days, but can also last up to 14 days [9]. 

The most common symptoms of COVID-19 include fever, cough, cold and sensory loss of taste or 
smell [9]. The severity varies widely including a possible symptomless course [10]. 

People aged 50 and over are particularly susceptible to a difficult disease progression [9]. The so-called 
risk group also includes people with pre-existing conditions that affect the heart, respiratory system, liver or 
kidney [11]. 

Whether a person is immune to the virus can be investigated using so-called antibody tests. On the other 
hand, an infection with the virus is diagnosed by a so-called polymerase chain reaction test (PCR test). If an 
immediate result is required, PCR quick tests or self-tests can be performed, but they are less accurate[12]. 

 
1.1.2 Statistical indicators 

The assessment of the epidemiological situation can be implemented using statistical indicators. These 
allow the analysis of the infectiousness and the danger of the virus causing the epidemic and can also enable 
conclusions to be drawn about the behavior of the population. Statistical analyses also allow some prediction 
of the future development of an epidemic, from which infection protection measures can be derived. The 
main indicators include incidence, prevalence, lethality, mortality rate and the number of 
reproductions [13] [14]. 

1.2 Infection protection measures 
1.2.1 Maintaining a safe distance 

In the course of the SARS-CoV-2 pandemic, people are recommended to maintain socially distanced, 
which means at least 1.5 m apart, as the SARS-CoV-2 is transferable via droplets [15] However, since 
coughing and sneezing can cause larger droplets to fly farther than 1.5 m horizontally, keeping a minimum 
of the recommended distance does not provide 100 % protection from an infected person [16]. The 
evaporation time of the droplets buttresses the importance of keeping a safe distance from others. In close 
proximity, droplets can be picked up by a person before they evaporate. The1.5m distance ensures that a 
large part of the droplets evaporate before reaching another person [16].  

Unlike droplets, droplet cores and aerosols do not sink to the ground on a ballistic track, but move with 
the air. Due to this movement, infection is also possible beyond a distance of 1.5 m. This is especially true for 
longer stays in rooms with poor ventilation. Therefore, further antiviral measures must be taken, especially 
in enclosed premises, in order to minimize the risk of infection [8]. Outdoors, the probability of aerogenic 
infection is significantly lower, but a safe distance of at least 1.5 m between individuals is recommended, as 
despite all environmental conditions, the flight distance and evaporation time of droplets, may be similar to 
those occurring in enclosed spaces [16] [8]. 

In order to prevent direct contact infections, it is also important to remain distant. For example, welcome 
rituals, such as shaking hands or hugging, should not happen. However, indirect contact infections cannot 
be prevented by maintaining safe distances alone [15]. 
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1.2.2 Protective masks 

In addition to social distancing, the correct wearing of protective masks is also considered to be one of 
the most important measures to prevent infections of airborne viruses. Wearing protective masks is 
especially important indoors and in situations where safe distance to others cannot be maintained [17]. The 
primary function of a respiratory mask is the external protection, however, masks also offer limited self-
protection against droplet infections secondarily [18]. Since the eyes are an entry point for disease 
transmission, protective goggles with a respiratory mask is warranted [4]. Unfortunately, these masks offer 
neither self nor external protection against infectious aerosols and droplet cores. Due to their movement with 
the air, such virus-laden particles flow past the edges of the mouth and between the skin and mask, thus 
escaping into the ambient air. Aerosols and droplet cores can also be inhaled via the leaking spots on the side 
edges, leading to infection. Wearing a respiratory mask not only protects against droplet infections, but also 
partly against direct and indirect contactinfection by minimizing access to the mouth and nose[19]. By fitting 
closely on the human face, FFP2 (Filtering Face Piece) to FFP3 masks offer comparatively high protection 
against droplet and aerogenic infections than othermasks including surgical ones [4]. 

 
1.2.3 Ventilation 

Aerosols and droplet cores, in contrast to droplets, follow the movement of indoor air. Their movement 
in enclosed spaces is also dependent on heat sources, ventilation and the movement of persons and objects 
in the room [8]. Aerosols and droplet cores are able to fully distribute in a room [20], so that infections can 
occur despite social distancing [4]. The concentration of aerosols and droplet cores in the air depends on a 
number of factors: the number of people present, their activities and total time in the room as well as the 
room’s size and ventilation. [21]. 

A study by Kriegel [20] demonstrates that the concentration of infectious particles increases the longer 
an infected person is in an unventilated room. The number of infectious particles increases significantly more 
in a smaller room than in a larger room. At the same time, the number of indented particles loaded by viruses 
increases exponentially. Through ventilation, the concentration of infectious particles can be significantly 
reduced. Here the air change rate, i. e. the time period in which the room air is exchanged for fresh air [22], 
plays a role. Even a rate of 2.8 air changes per hour leads to a significantly lower number of infectious 
particles in the room and decreases further with a higher air change rate. The number of indented particles 
loaded with viruses also decreases significantly through an increased rate of air change and avoids the 
exponential growth found in an unventilated room. 

 
1.2.4 Hygiene 

Another important infection protection measure is proper hygiene [23], particularly keeping hands clean 
through washing or disinfection, which contributes to the prevention of both direct and indirect contact 
infection [24]. Hands should be washed before and after wearing protective masks, before and after contact 
with other persons or surfaces, and after sneezing and coughing [23]. If hand washing is not possible, hand 
sanitizer should be used. The prevention of droplet infections as well as those transmitted through indirect 
and direct contact requires coughs and sneezes to be covered [23]. In order to avoid indirect contact infections 
via contaminated objects and surfaces, they must be cleaned and disinfected before and after each 
subject [23] [25] [26]. 

 
1.2.5 Contact restrictions and tracking 

The best way to prevent infection with an airborne virus is to avoid contact with other people through 
measures like a quarantine. Over long periods of time some contact with others is unavoidable. Therefore, 
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contact tracing is an important measure to break infection chains. This tracking identifies contact persons of 
a demonstrably infected person [27]. 

1.3 Aspects for infection protection measures in a vehicle 
1.3.1 Infection routes 

Studies in vehicles require special measures. A study by Makoto [28] for simulations of droplet and 
aerosol spread in a room shows that conversations between two people sitting in close proximity increase 
the risk of infection. The study also shows that if they can't pick up drops directly from the air if they do not 
face each other while speaking. 

 Another study by Makoto [29] simulates the distribution of aerosols and droplet cores in the air of an 
unventilated vehicle. It established that aerosols and droplet cores are distributed almost homogeneously in 
the entire interior air of the vehicle very quickly. Due to the low interior volume of vehicles, the concentration 
of aerosols and droplet cores increases faster than indoors, which can lead to an aerogenic infection even 
after a short exposure.  

 
1.3.2 Mainting a safe distance in a vehicle 

Due to the geometric properties of the interior of a vehicle, it is usually not possible to maintain a 
recommended distance of at least 1.5 m between the driver and the passenger [30]. Based on trigonometric 
calculations, this distance can only be achieved in a diagonal seating arrangement if there are no more than 
two persons in the vehicle [31]. 

 
1.3.3 Protective Barriers 

To prevent viral infections in vehicles, it is recommended to attach partitions that can fully prevent both 
direct contact and droplet infections while limiting aerogenic infections [26]. Such protective walls can be 
installed, either as a barrier between the front and rear part of the vehicle, or between the driver and the 
passenger. 

A study by Makoto [29] shows the distribution of aerosols and droplet cores in a vehicle three seconds 
after the driver coughs with a slightly open window on the driver's side and built-in partition wall. It is clear 
from this that a partition successfully avoids a homogeneous distribution of the particles, as they remain 
mostly in the front area of the vehicle. Most aerosols and droplet cores that enter the rear of the vehicle flow 
with the air below the protective wall. A slightly open window can also allow many particles to escape from 
the vehicle. 

 
1.3.4 Ventilation 

Just like in stationary venues, ventilation of the vehicle interior can prevent aerogenic infections [29]. 
Due to the much lower volume, however, significantly higher air exchange rates can be achieved in vehicles. 
Depending on the type of ventilation, the volume of the interior, the number of occupants in the vehicle and 
the speed of the vehicle, the air in the interior of the vehicle can be replaced for fresh air more than 300 times 
per hour. Three fresh air supply strategies can be used: the fresh machine supply, the opening of the windows 
or the combination of both methods [32]. 

In a study by Mathai et al. [32] it is shown, that opening the windows has a positive effect on the air 
exchange rate which can be further improved by increasing vehicle speed. The more windows are opened, 
the higher the infection protection. 

The mechanical supply of fresh air also has a positive effect on the air change rate as shown in a study 
by Fruin et al. [33]. At a higher setting of the ventilation system, the air exchange rate increases. This principle 
also applies to stationary vehicles. A study by Knibbs et al. [34] confirms this as the risk of infection decreases 
with the ventilation system switched on while driving at an increased speed. 
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2. Materials and Methods 
A comprehensive analysis of pandemic research lead to the development of a concept for conducting 

subject studies during the COVID-19 pandemic. Both research on virology and infection prevention before 
and after the start of the COVID-19 pandemic were considered to develop a concept applicable to studies in 
vehicles and stationary facilities. The concept provides a step-by-step approach in the form of a flowchart, 
created using the software Microsoft Visio 2016 and Lucidchart and the floor plans were created using 
Vectorworks Educational Version 2021. 

3. Results 
Using fundamental principles, this holistic concept can be used to prevent infections caused by a viral 

pathogen in subject studies (Figure 1). Additionally, the proposed six-step concept can be tailored to different 
study settings. 

 
Figure 1. Holistic concept for infection prevention in studies conducted in stationary rooms and vehicles. 

The concept includes the relevant steps for planning and conducting a subject study using the example 
of the COVID-19 pandemic. However, this concept can also be used for other pandemics or situations where 
comprehensive hygiene measures are required. For the concept we focused on subject studies conducted in 
stationary rooms and vehicles. 

3.1. Evaluation of the pandemic situation 
Before a study can be conducted during a pandemic, the current situation including various aspects of 

the pathogen must first be evaluated in order to decide whether such a study is justifiable (Figure 2).  
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Figure 2. Evaluation of the pandemic situation. 

For this purpose, it is advisable to first consider the recommendations of the responsible authorities and 
institutions. It is possible that after this step, a postponement of the study is the only responsible course of 
action. Absent that determination or if only minor measures are officially recommended, an independent 
qualitative risk evaluation should be conducted. 

 
3.1.1. Pathogen hazard 

When assessing the pandemic situation independently, the pathogen should be considered first. If the 
pathogen is transmitted via vectors, water or food, the studies should be feasible without any problems, since 
no infections can be caused by the study. If the pathogen is transmitted via direct or indirect human-to-
human contact, infections may occur during the study. Therefore, other factors must be considered. For 
instance, if a very high viral load is required for infection, meaning an infection is only possible at all after a 
long exposure time, the study can be adjusted so that the study time is less than the exposure time required 
for infection. If the pathogen is moderately to highly infectious, the likely course of illness must be 
considered. If severe health consequences are expected, or if the lethality rate is particularly high, it may not 
be responsible to conduct the study. In cases where the pathogen is only dangerous for certain types of 
people, than these populations can and must be excluded. 
 
3.1.2. Disposition  

Dispositions that are particularly conducive to infection must be avoided. During a pandemic, studies 
should be limited to summertime, as viral infections are more likely to happen in the cold winter months [35]. 
Pathogen-specific disposition conditions should be analyzed in order to be able to avoid them accordingly. 
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3.1.3. Situation controlled? 
Statistical indicators can be used to assess the current and future pandemic situation. For instance, a 

snapshot of current indicators including incidence, seven-day incidence rate and reproduction rate of the 
virus should be consulted. If the incidence rate exceeds a value of 35 new infections per 100,000 inhabitants, 
an in-person study, depending on the pathogen characteristics, could no longer be responsible. At an 
incidence rate above 50 new infections per 100,000 inhabitants or a reproduction rate above 1, the ability to 
responsibly conduct a study is very unlikely.  

How and to what extent a disease is treatable should also be considered. If suitable and effective antiviral 
therapies are available, then conducting studies with test persons can be justifiable, since serious 
consequences of the disease can be avoided in spite of possible infections. If many people have already been 
vaccinated against the pathogen or if within the population there is a natural immunity, conduct studies in 
person can be considered more responsible than at other times during a pandemic. 

3.2. Infection protection measures – Stationary test rooms 
In order to use a stationary indoor facility, appropriate infection protection measures have to be 

implemented in advance (Figure 3). These include the required hygiene measures and a preliminary 
examination of the test person. Only after this exam should the subjects enter the actual trial. Respiratory 
masks have to be worn at all times. This ventilation concept applies also to vehicles (Chapter 3.3.). 

 
Figure 3. Infection control measures in stationary test rooms. 

 
3.2.1. Stationary test rooms - Ventilation conditions 

When planning in-person studies, it must first be clarified whether it must be held indoors. If so, it is 
imperative to check the ventilation conditions in the rooms. It must be confirmed that six air changes per 
hour can be achieved in all rooms that are to be used and that the relative humidity between 40 % and 60 % 
can be maintained. To control the relative humidity, it is recommended to use air humidifiers and 
dehumidifiers, which ensure the optimum relative humidity in the room. Optimally, room temperature can 
be kept to a constant 20 °C. Additionally, the level of carbon dioxide in the rooms must be monitored. The 
amount of time until 1000 ppm limit is reached should be tested in advance. The latter [15] test can aid in a 
room size evaluation. If the critical carbon dioxide concentration is reached too quickly, this may indicate 
that the rooms are too small. If the carbon dioxide concentration is too difficult to regulate with common 
ventilation methods, larger rooms must be found. If the required humidity and air exchange rate cannot be 
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maintained, a ventilation concept must be worked out for the rooms. If windows are present, this should 
take into account shock ventilation. Care must be taken to ensure that the rooms do not cool down, since the 
temperature difference between the room and the environment will lead to room air escaping through the 
windows. In order to monitor the air quality as well as the number of aerosols and droplet cores in a room, 
devices can also be used to measure the carbon dioxide concentration in the room air. Carbon dioxide is a 
released byproduct in all processes involving the release of aerosols and droplet cores [36]. Therefore, the 
amount of potentially infectious particles in the air is closely linked to the carbon dioxide concentration. For 
rooms with windows but without a ventilation system, timely regular intervals of ventilation can be 
calculated in advance. 

To achieve the required air exchange rates, the use of mechanical ventilation systems is recommended. 
For this purpose, central ventilation systems can be installed in the rooms. However, the effectiveness of such 
ventilation systems comes at a high financial cost. If mechanical ventilation systems are used, it must be 
noted that vertical air movements should be avoided and that displacement ventilation systems are therefore 
particularly suitable for ventilating stationary rooms.  

Displacement ventilation is recommended. With this method spring vents are installed near the ground, 
so that the usually colder fresh air accumulates at the bottom of a room. This air then climbs up to heat 
sources towards the ceiling, where it is extracted. Aerosols and droplet cores also rise with the convection 
flow and are sucked out, making aerogenic infections less likely [8]. 

If adjusting ventilation settings, it must be rechecked. Therefore, once perfect ventilation has been 
achieved, the rest of the study planning can proceed. 

 
3.2.2. Stationary test rooms - room occupancy planning 

If the room size and ventilation is satisfactory, planning occupancy and layout must serve to maintain 
safe distances and avoid crowding in the room. The goal of planning the room layout should be to minimize 
the number of people in the room while factoring in the time present. This can be done in advance through 
scheduling. Additionally, lists can be maintained, in which each person must enter their name, entry and exit 
time, in order to simplify any contact tracking that may become necessary. 

The first step of planning the room layout is a hygienic cleaning and a preliminary examination. Waiting 
areas for test subjects as well as break areas for the test administration are required. If the actual study takes 
place in a simulator, the experimental room must be separate. The walking paths and directions of the test 
subjects must be clearly marked. In order to limit encounters, the testing rooms should have separate 
entrances and exits. Similarly, the walking paths to and from the rooms should be separated. This ensures 
that safe distances are maintained even in narrow corridors. An ideal room layout is shown in Figure 4. It 
includes a room for reception with hygienic measures, a room for the preliminary examination, as well as a 
break room for the administration and a test room.  
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Figure 4. Indoor floor plan example for conducting a study in a room or vehicle. 

The walking routes of the subjects are shown with black and white arrows, while the walking routes of 
the test administration are marked with blue arrows. Since the investigators have to enter each room, their 
entry and exit is not restricted. The subjects, however, can only move from entrance to exit in the direction 
shown. In addition, Figure 4 shows the relative risk of infection by the color of the room. The waiting rooms 
have a low risk (green) of direct or indirect contact or droplet infection, since only one volunteer can be in 
the waiting room at a given time. Rooms colored yellow have a medium risk of infection, as two people are 
present in these rooms at the same time. Red rooms, such as the experimental room and the management's 
common area, have a high risk of infection, since at least two people are present in these rooms for a longer 
time. In the rooms marked in yellow and red, it is therefore particularly important to pay attention to the 
basic infection protection measures (e. g. safe distance, respiratory mask, hygiene). 

Additionally, a green or red rotor symbol represents the risk of aerogenic infection. A green rotor 
symbol, as seen in the reception or hygiene rooms, denotes a low risk of infection due to aerosol exposure. 
These rooms as well as the pre-examination room, are only used for short time periods. In all other rooms, a 
high risk of aerogenic infections is symbolized by the red rotor, as several people may be present in these 
rooms for longer periods of time. While waiting rooms are occupied by only one person at a time, they are 
assumed to be small with a typically longer duration. In these rooms, the air conditions must be closely 
monitored. 

Room dividers can separate larger rooms into smaller ones to improve layout conditions. Therefore, it 
may be possible to use buildings with suboptimal layouts for the purpose of the study. 

In order to maintain safe distances in stationary rooms, markings can be placed on the floor, which are 
at least 1.5 m apart. If the entire floor of the room is divided into a grid, the people in a room can easily 
maintain the required distance. No more than one person stands in a square measuring 1.5m x 1.5m, and the 
adjacent square is kept empty to maintain a distance between the two individuals. This is illustrated in Figure 
5, where two people occupy a room divided into 30 sections. 
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Figure 5. Markings on the floor to maintain a safe distance. 

One person stands in section 14, the other in 16. Since section 15 is located between them, it can be seen 
at first glance that the necessary safe distance is maintained. When one person is stationary, then no one else 
may enter the sections 21, 25 or 9. However, if someone moves into these squares, the other person must 
move back. In order for the person on the right to enter section 15, the person on the left would have to have 
moved to 13 beforehand. 

If not absolutely necessary to enter the test rooms, hygienic measures and the preliminary examination 
should take place outdoors. This eliminates the possibility of aerogenic infections passing between the test 
administration and the test subjects. In order to conduct these first activities outdoors, an area allocation 
concept including the use of triage or fixed tents needs to be developed. Such tents can serve as a waiting 
area for the test subjects between the first measures and the actual experiment. The walking routes of the 
subjects as well as the individual stations must be clearly marked and distinguishable, so that they always 
remain in designated areas. Furthermore, clearly marked entrances and exits must be provided. Such a 
concept is shown in Figure 6. 
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Figure 6. Outdoor area plan for conducting a study using a vehicle. 

Just as in Figure 4, the infection risks are also estimated. In the tents for reception, hygiene and 
preliminary examinations, a medium risk of infection via direct and indirect contact as well as droplets is to 
be expected, since two persons must interact in these rooms despite all infection protection measures. In the 
waiting area, there is a low risk of infection because no other person is present at the same time as the test 
person. Aerogenic infections can also be ruled out in the waiting area, since all aerosols emitted by the 
subjects escape directly into the environment. In the triage tents aerogenic infections cannot be completely 
excluded, but such kind of infections are not to be expected here, as they can be well prevented with air 
purification devices. In addition, large amounts of fresh air can enter the triage tents from outside due to 
wind, if the tent structure allows air exchange or one side of the tent is raised for a short time. A high risk of 
infection is expected within the building of the test management, since at least two people of the staff could 
be present in these rooms for a longer time. 

3.3. Infection protection measures - vehicle 
In order to carry out a test subject study in a vehicle, special aspects must be taken into account, which 

are shown in Figure 7. In particular, the vehicle as a comparatively small room and ventilation conditions 
play a decisive role in comparison to stationary test rooms. It is necessary that both occupants wear a 
respirator mask during the entire test. The respirators worn should be at least FFP2 standard, so that both 
self-protection and protection from others are ensured. If it is not possible for the person driving to wear a 
respirator due to the study conditions, special care must be taken to ensure that as little as possible is spoken 
during the test in order to minimize the number of aerosols and droplets emitted and that the mentioned 
partition wall is installed. 



 12 of 21 
 

 

 
Figure 7. Infection control measures in vehicles and simulators. 

3.3.1. Vehicle occupancy 
In order to determine the requirement for infection control measures in the study vehicle, it must first 

be clarified whether a person conducting the test must be present in the vehicle in addition to the test subjects. 
If the test subjects can be monitored by cameras or if only the acquisition of sensory data is important, which 
can also be evaluated after the execution of the individual driving tests and therefore, no supervisor must be 
present in the vehicle during the test and no infection control measures are required during the execution of 
the actual test. Since there is only one person in the vehicle, no person can infect the other with a pathogen 
via aerosols and droplets or direct contact. To prevent indirect contact infections and aerogenic infections 
afterwards between the test subjects, disinfection is required and the vehicle must be aired out. The general 
recommended infection control measures must be followed before and after the experiment. 

If a supervisor must be present in the vehicle during the test drive, then a number of infection control 
measures are required. First of all, the safety distance to the driver-subject must be maintained. Therefore, 
the supervisor should sit in the right rear seat. Only one subject is allowed in the car at a time, otherwise the 
safe distances will be inadequate. Furthermore, a transparent partition must be installed between the 
supervisor and the subject. Depending on the study setting, this would either separate the front and the rear 
seats or the driver and passenger seats. 
 
3.3.2. Ventilation in a vehicle  

The test vehicle requires a working ventilation system. Here a distinction must be made between tests 
in real vehicles and simulators. While unlimited fresh air is available in real vehicle studies, the simulator 
will depend on the ventilation conditions in the room where it is located. If the study is carried out in a real 
vehicle, the fresh air supply must be set correctly before the start of the test. The recirculation mode of the 
ventilation system cannot be used. If possible, at least 50 % of the maximum output of the vehicle's 
mechanical fresh air supply should be used, so that at least 60 air changes per hour take place. While in 
motion, all vehicle windows are to be open whenever possible in order to maximize air exchange rates in the 
vehicle. If this is not possible, the recommended constellation for open windows should be followed as 
described in chapter 1.3.4. Opening the windows is particularly recommended at speeds above 10 m/s. A 
carbon dioxide monitor should also be installed in the vehicle. If this rises above 1000 ppm during the test, it 
is imperative to increase the output of the mechanical fresh air supply or to open more windows. 

If the study is carried out with the help of a simulator, a ventilation concept according to the example 
for stationary rooms should be employed. If a ventilation system is present in the simulator, 50 % to 75 % of 
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the maximum output is necessary just as in the real vehicle. This serves to protect against aerogenic infections 
in the simulator. With the help of additional ventilation in the simulator, potentially contaminated air is 
released into the air, where it is removed or cleaned. Additionally, air must move between the simulator and 
the room. Otherwise no fresh air will enter the simulator, causing the risk of infection to increase rapidly 
over time. Although this is only of concern if more than one person is in the simulator. 

3.4. Subject selection 
Most importantly, at-risk individuals are not invited to the study (Figure 8). The risk group classification 

should be used. For the SARS-CoV-2 pandemic, elderly and previously ill people would be excluded from 
the study. Furthermore, people working in health care or who have direct contact with patients or risk groups 
for other reasons, should also be excluded from the study, as they are at an increased risk of being infected 
or infecting people in the risk groups. People who live in or have recently traveled to a high-risk region 
should also be excluded. Preference therefore should be given to individuals expected to have a less severe 
course of disease following infection with the pathogen. During the SARS-CoV-2 pandemic, for example, 
these would be younger and healthy people. Immunized individuals, with proof in the form of a certificate 
or antibody testing should also be targeted for the study. Those individuals who are willing to quarantine 
voluntarily in advance of the study and for the maximum incubation period of the pathogen, may also be 
given priority for invitation to the study. If they do not experience any symptoms of the disease caused by 
the pathogen during quarantine, it can be assumed that the quarantined individuals will not cause any 
infections during the study. The only possibility of infection is in transit from the place of residence to the 
study site. This risk can be mitigated further by the subject using their private car or travelling on foot. The 
likelihood of these individuals infecting someone during the study is considered as low, so a voluntary 
quarantine of study participants can be a welcome infection control measure when conducting studies. 
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Figure 8. Subject selection. 

Furthermore, it must be decided whether the study can be conducted without the individuals who need 
to be excluded. For example, if the elderly must be excluded, then it becomes difficult to accomplish a 
representative cross-section of the population. If this goal is a priority, then it must be determined whether 
the subjects and investigators can be tested for the pathogen. If all persons on site can show a negative test 
result, infections can be excluded. As for SARS-CoV-2, either a PCR laboratory test or a PCR rapid test 
administered at the study site would have to be performed prior to starting the study. The problem with the 
PCR laboratory test is that it says nothing about the possible infection of the subjects and investigators at the 
time of the study. It only represents the situation at the time of testing, which can be several hours or days 
ago. Preferably, a PCR rapid test should be performed shortly before the start of the study at the study site. 
If the test is positive or unclear, the tested person is not allowed to participate in the study. 

Members of risk groups can participate in the study if and only if every person involved in the study 
can be tested for the pathogen. If it is not possible to test all persons involved for the pathogen, then the risk 
group members cannot participate. Therefore, the study must be postponed. If members of risk groups are 
excluded from participation, then testing for subjects and investigators can be optional. It is better to test all 
subjects for the pathogen, since this benefits the study overall, as infections can almost be eliminated. 

Once the waiver and test process has been clarified, the selected subjects must be informed about the 
study procedure and the hygiene concept that awaits them on site. In addition, the selected subjects must be 
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informed that they should avoid contact with other people before the start of the study. In advance, the 
subjects have to agree to follow the instructions. 

3.5. Conducting the study 
The following chapter consists of the schedule and study procedure (Figure 9). The scheduling takes 

place before the actual start of the study and ensures an organized test process. The conduction of the study 
is divided into the subjects of reception, preliminary examination and the actual study. Reception and 
preliminary examination are necessary in order not to allow infected subjects to enter the study and to 
implement and communicate initial hygiene measures. 

 

 
Figure 9. Planning of the schedule and study procedure. 

 
3.5.1. Planning of test times 

The planning of the individual test times must be done in advance (Figure 9). The goal should be that 
only one test subject arrives at a given time. Therefore, the duration of the test subject’s visit (from reception 
to discharge) should be determined through a dry run. On the basis of this time, individual subjects can then 
be assigned appointments for arrival, with which subject overlap is avoided. In effect, the arrival of a subject 
is always scheduled after the previous participant has left the premises. 

 
3.5.2. Reception 

The test subjects first go to reception and then the hygiene station. They must first sign a declaration that 
they are symptom-free. This is intended to prevent someone with pathogen-specific symptoms from 
participating in the study, but at a minimum, it serves as a legal safeguard for the trial management. 
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Subsequently, the subject will be given a new mask that meets at least the FFP2 standard. The subject must 
wear the mask to ensure the best possible protection for themselves and others during the study. Test subjects 
should be forbidden from using their own masks, as these may not meet the required standard or may have 
been worn for too long. It is important that the mask gets put on only after the subject has washed and 
disinfected their hands. For this purpose, the subject must be instructed on the correct hand washing and 
disinfection procedures. The test administration must ensure a sufficient safe distance from the subject at all 
times. As there should only be two people present in the room, the test administrator can maintain a safe 
distance even if the test subject carelessly moves towards them. If such a situation arises, the subject must be 
informed immediately about the need to maintain a safe distance. The test administration should ensure that 
the subjects work quickly so that the time they spend in the room can be reduced. 

 
3.5.3. Preliminary investigation 

After successfully implementing the hygienic measures, the participants proceed directly to the 
preliminary examination, where they must continue to be correctly masked and maintain a safe distance. 
This exam involves being checked for infection-specific symptoms. During the SARS-CoV-2 pandemic, for 
example, the body temperature of the volunteers should be measured, as fever is a common symptom of 
COVID-19. This is best done in a non-contact manner using infrared thermometers. COVID-19 affects the 
sense of smell, a loss of which can be ascertained through a smell test. 

If the participant is symptom-free, a rapid test (if applicable) for the virus is carried out at this point. 
Until the test result is available, the patient must go to the waiting area. If the test result is positive or if the 
test person exhibits symptoms specific to the infection, the health department must be informed immediately 
of the possible infection. In addition, all persons who have had contact with this subject must be quarantined. 
The reception, hygiene station, waiting areas and the pre-examination room must all be completely 
disinfected afterwards. If the test result is negative and no infection-specific symptoms are present, the actual 
study can begin. 

 
3.5.4. During the experiment 

After a successful preliminary examination, the subjects move on to the vehicle or room for the study. If 
this requires the subjects to wear equipment, such as eye tracking glasses, the investigator must explain to 
the subjects how to put on the equipment themselves, since the administration cannot do this for them while 
maintaining a safe distance. Ideally, this should already be done in the waiting area. The test persons must 
first enter the vehicle or the simulator with the mask on. If the study must be done maskless, it should only 
be removed immediately before the start of the test. Furthermore, the ventilation settings should not be 
adjustable so that suboptimal conditions are avoided. When the vehicle is safely parked and the test 
complete, the subject must immediately put the mask back on. If the test is conducted in a simulator, the 
subject must not exit the vehicle unmasked. Upon exiting the vehicle or simulator, the subject can remove 
the equipment and be released from the study. Both the equipment and vehicle must then be disinfected so 
that they can be used safely by the next person. 

3.6. Disinfection 
When disinfecting the stationary room or the study vehicle (Figure 10), all affected surfaces must be 

treated with a disposable wipe soaked in degreasing cleaner or soapy water. The wipe must not be reused. 
Before starting the disinfection, the room or vehicle should be ventilated for 10 minutes by opening all doors 
and windows. The person performing the disinfection must wear a mask and disposable gloves during the 
entire disinfection process. The gloves must be disposed of after the disinfection process.  
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Figure 10. Disinfection of the experimental environment. 

The entire procedure must be performed after each trial in order to reduce the risk of infection for the 
subsequent subject. 

4. Discussion 

4.1. General 
Pathogens such as the SARS-CoV-2 complicate the ability to do studies as aerosol and droplet core 

transmission are made possible by the dissemination in a room via air movements. Since the interior of 
vehicles is likely a small space, aerogenic infections are quite possible without infection protection measures, 
given a high concentration of aerosols and droplet cores, which can be inhaled. However, since several 
participants and experimental runs are required to carry out such studies, direct and indirect contact 
infections as well as via droplets must be prevented. 

The holistic concept listed has been developed through the example of the COVID-19 pandemic, but the 
individual sections can also be applied to other situations such as a flu epidemic, where infection protection 
measures are appropriate. Situational adjustments to the concept may be required. 

4.2. Evaluation of the pandemic situation 
Due to the changing dynamics of a pandemic, the conditions at the time of the study must always be 

taken into account and integrated into the evaluation. As weather conditions can change over the course of 
longer-lasting studies, a further extensive evaluation of the pandemic situation may be required especially 
when a study begins e.g. in summer and extends into winter. This evaluation should in principle continue 
beyond the start of a study, in order to evaluate whether it is responsible to continue a study even as a 
pandemic situation worsens. The indicators should be considered together in this context, as it will provide 
a holistic picture of the situation. Ideally, testing or vaccination developments during a pandemic can 
positively impact the feasibility of a study. These advancements should be integrated into any study, where 
possible, to reduce the risk of infection. 

4.3. Study setting –stationary test rooms 
If studies are conducted indoors, the room-specific conditions must be observed. The concept shows 

how to reduce the risk of infection, but it must be adapted to the available space. In particular, ventilation 
conditions are crucial as infection can occur despite social distancing indoors [4]. Fans and suction systems 
that move air laterally should not be used, as this can actually increase the risk of infection via aerosols and 
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droplet cores [37]. The amount of time an individual is in the room should be kept at a minimum [20]. This 
is of particular importance in smaller rooms. 

If the available space is dissimilar from the concept, the risk of infection in the study-specific case can be 
reduced through the division of the testing areas. Markings help maintain a 1.5 m distance between 
individuals. This is only relevant, however if the paths between stations cross and the room planning in 
Figure 4 is impossible. During the study, occupancy of the test site should be kept to a minimum to further 
reduce the infection risk. 

4.4. Study setting – vehicle 
Studies conducted in vehicles are a more challenging case as they offer a smaller space where a diagonal 

seating arrangement must be employed for a maximum of two individuals to be spaced safely more than 1.5 
m apart. The use of a partition further reduces the risk of infection. In most cases, the dividers are not airtight 
and therefore, only prevent droplet infections and not aerogenic infections because the air and virus-
containing particles can flow around the protective walls [8]. Partitions do significantly slow down the 
distribution of aerosols and droplet cores in the vehicle [29]. 

The air exchange rates similarly play an important role in smaller spaces like a vehicle. Opening the car 
windows as the weather allows should complement the operation of the ventilation as an infection protection 
measure. The use of the air circulation on the other hand is not recommended, since it would block out fresh 
air and aerosols and droplet cores are not removed leaving occupants at heightened risk of infection [38]. 

4.5. Subject selection 
When selecting subjects, those who are vulnerable and part of at risk groups should be avoided. If 

absolutely necessary, these individuals can participate provided their risk of infection can be reduced 
through comprehensive testing including a rapid test at the study start. It should be noted that a less 
representative statistical distribution of the total population risks the quality of the study outcome even when 
populations are excluded for reasons of safety.  

 

4.6. Conducting the study 
Studies occurring during a pandemic, require unnecessary encounters to be avoided. Arrival times for 

subjects, for instance should be staggered and reception and pre-examination areas must be prepared. The 
participating subjects must be informed about hygienic measures. Throughout the study, adherence to the 
respiratory mask, social distancing and hygiene mandates are required. Preliminary examinations shall test 
subjects for symptoms, the virus or even potentially antibodies in order to prevent infected people from 
particpating . Since rapid tests in particular are only a snapshot and can be less accurate than PCR tests, 
caution is required. That’s why a positive rapid test needs to be confirmed by a PCR test [39]. The offsetting 
of participant arrivals also creates clarity made possible by good organization. These positive characteristics 
are also worthwhile for studies not occurring in the midst of a pandemic. 

4.7. Disinfection 
After each trial, disinfection is required to protect the next subject from a possible infection. Disinfecting 

wipes are used to prevent indirect contact infections, and ventilation prevents aerogenic infections. When 
disinfecting, gloves and respiratory masks must be worn. The use of trained cleaning personnel for this task 
should be discussed. This should not be mandatory, as the disinfection process is relatively easy and straight 
forward. Furthermore, there are different types of disinfection. For vehicles, wiping disinfection with soapy 
water is suitable, as it can reach vehicle contours. Other disinfection strategies like physical or thermal ones 
are available, but they are more complicated to employ. Frequent chemical disinfection can damage vehicle 
surfaces, which can result in a loss of value. This is particularly important when working with rented 
vehicles. It is, however more important that hygienic conditions are maintained. Even outside of pandemics, 
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viral and bacterial infections are always possible and therefore should be avoided through hygienic 
measures. 

4.8 Future work 
In addition to this qualitative concept, a quantitative tool would further aid in a robust risk assessment 

of conducting studies during pandemics. For instance, a numerical maximum threshold could determine 
when a study must be cancelled or postponed. This value could be calculated through weighting different 
factors of infection transmission and indicators of pandemic development. The goal of this would be to help 
test administration confidently decide whether a study can be safely and responsibly conducted under 
certain difficult circumstances.  

5. Conclusions 
The research review and the resulting concept show that subject studies during a pandemic are feasible, 

depending on the transmission path of the pathogen. Particular emphasis should be placed on contact 
avoidance, maintaining a safe distance and respiratory mask wearing. Additionally, optimal ventilation 
conditions and thorough hygiene is paramount at all times. The explained concept can reduce the risk of 
infection during test-trial studies, but no infection protection measure provides 100 % safety, so there is 
always a residual infection risk. 
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