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Abs tr ac t
The coronavirus disease 2019 (COVID-19) pandemic has forced
primary/grade schools and university closings as well as forced
the suspension of a number of medical and laboratory testing
procedures. Exercise science laboratories whether in clinical,
research or educational locations were also forced to pause
testing procedures. As the COVID-19 pandemic begins to subside in some areas of the world, exercise science laboratories
are contemplating how to create a safe environment to resume
some laboratory testing activities. In this article, we present
suggestions for how exercise science laboratories can open and
create a safe environment for subjects, laboratory personnel
and equipment upon reopening.
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Introduction
A number of clinical, research and teaching exercise science laboratories involved in physiological and exercise testing as well as teaching were forced to close temporarily due to a highly infectious, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that is
responsible for the coronavirus disease 2019 (COVID-19) pandemic.
As COVID-19 pandemic begins to recess in certain areas of the world
and testing services to the healthcare and sports communities are
starting to resume activities, exercise science laboratories are attempting to develop protocols and procedures to create safe environments for testing a wide variety of the population. Before reopening exercise science laboratories, there are a number of things
to consider.
It is important to remember that the COVID-19 virus is transmitted via respiratory droplet and contact route [1, 2]. The simplest
control measures to interrupt droplet and contact transmission is
social distancing, or keeping at least 1.5–2 meters or more apart
[3, 4] and implementing hand washing hygiene [5, 6]. In addition,

the spread of COVID-19 can be further reduced when face coverings are used along with these other preventive measures [7, 8]. Finally, the cleaning and disinfecting of frequently touched surfaces
as well as equipment used in a laboratory will also greatly reduce
the transmission of SARS-CoV-2 [8, 9].
Due to inherent social distancing limitations, no matter what
type of testing is done in an exercise science laboratory; it will require the use of personal protective equipment (PPE). Therefore,
the availability of PPE and clinical demand for PPEs will need to be
factored into the consideration for resuming testing [10]. As PPE
manufacturing increases to meet demand and the supply chain recovers from the current crisis, rational sourcing and use of PPEs can
be implemented. If local healthcare services are lacking PPE or regional demand is high, it is recommended that procurement of PPE
and, hence, opening exercise testing laboratories should be delayed
to avoid competition with healthcare systems for PPEs [10].
Finally, the population being tested should also be considered.
Older adults and people of any age who have serious underlying
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medical conditions (i. e. heart or lung disease, diabetes, etc.) seem
to be at higher risk for developing more serious complications from
COVID-19 illness [11, 12]. Additionally, vulnerable researchers and
technicians (e. g. age demographic, increased risk factors) should
also be considered and those researchers should use caution when
opting to participate in testing procedures that may increase their
risk for COVID-19. Therefore, these general issues should be thoroughly examined and considered prior to the resumption of physiologic and exercise testing.

General Testing Considerations
When setting up a safe laboratory environment there are some
general issues as well as some individual issues that are specific to
certain physiologic and exercise tests that need consideration. Regardless of the type of testing, there are three areas of safety to
consider: 1) Subject safety, 2) Test technician(s) safety, and 3)
Equipment safety.
One general consideration to enhance both subject and test
technician(s) safety is to pre-screen both prior to having them come
into the laboratory for testing. Simple questions regarding whether individuals have experienced fever, chills, shortness of breath,
cough, or loss of taste and smell within the past 7 days should be
asked [13, 14]. These questions should mirror local government
guidelines since COVID-19 related symptoms may differ from region to region [15]. If answers to any of the questions are “yes” the
subject should not be scheduled for testing and be referred to their
medical provider for follow-up. In some cases such as in regions
where COVID-19 is very prevalent, any signs of illness regardless of
COVID-19 related symptoms might exclude the subject from visiting the laboratory.
Similarly, asking if, within the past 14 days, the individual has
been exposed to someone with a known positive test for SARSCOV-2 or they themselves have tested positive for SARS-COV-2
should be implemented. Depending on the severity of COVID-19,
an individual may be at higher risks for cardiovascular complications during exercise due to cardiac injury [16] or vascular damage
[17]. These added risks should be taken into consideration and discussed with subjects prior to testing.
Checking an individual's body temperature before entering the
laboratory may also be considered as an added safeguard. If the
body temperature is equal to or less than 37.4 °C they can enter the
lab. If a person’s temperature is equal to or greater than 37.4 °C
they should not enter the laboratory and local guidelines for seeking medical advice and possible testing for SARS-COV-2 should be
followed [2, 18, 19].
Laboratory mechanical ventilation flow rates and circulation
should also be considered before opening an exercise science laboratory (especially if high ventilation exercise is occurring such as
maximal aerobic capacity (VO2max) assessments. The American Society of Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE) states ventilation and filtration can reduce the concentration of SARS-COV-2 in the air [20]. Most healthcare settings have
adequate system requirements to provide proper ventilation [21].
If ventilation rates of an exercise science laboratory are insufficient,
other means such as opening windows/doors to allow natural ventilation, creating a negative pressure chamber, or implementing
portable air disinfection devices may be beneficial [21, 22]. Since

exercise science laboratory environments are diverse each laboratory should take ventilation into consideration when opening and
planning testing capacity.
Another factor to consider is minimizing possible exposure and
spread to SARS-COV-2 is to limit number of people. This can be accomplished by allowing only the minimum number of technicians
needed for each testing procedures while ensuring emergency protocols will be easily implemented if needed. Many institutions limit
space capacity at 50 % of total occupancy and this number should
be posted at the entrance of the lab per institutional or community regulations.
The last general consideration before opening an exercise science laboratory is how to deliver lifesaving procedures, if needed,
due to cardiac complications during exercise. The general consensus outside of a healthcare setting is to follow general protocol for
cardiopulmonary resuscitation: chest compressions and defibrillation without rescue breaths [23, 24]. Nevertheless, laboratory personnel should develop a plan in accordance to guidelines proposed
by the laboratory’s local health authorities.

Subject Safety
The main area to consider regarding the resumption of laboratory
testing is the subject traffic flow into and out of your testing facility. Whenever possible, minimizing contact between subjects is
warranted to maximize safety. This can be accomplished in a number of ways.
One is to lengthen the time between testing so that a subject
will be gone from the laboratory before the next subject enters the
laboratory for testing; another way to minimize subject contact is
to provide separate entrance and exit areas. The second issue is to
keep each subject's belongings together and isolated. This can be
accomplished by providing each subject with a container such as a
plastic bin that can be cleaned to place their personal items (i. e.,
coat, wallets, mobile phones, purses, backpacks, etc.). Following
testing, subjects can take their items out of the bin and the bin can
then be disinfected and readied for the next individual to use. The
third issue is to have the individual being tested wear a facemask
whenever possible. This will depend to some degree on the testing
procedures involved. The rationale behind wearing a facemask to
lower the transmission of the COVID-19 virus as well as other airborne pathogens is well documented in healthcare settings such
as exercise science laboratories [9, 25, 26]. The final issue regarding subject safety issues is prior to having a subject enter the laboratory have them sanitize their hands. To accomplish this a hand
sanitizing station should be placed at the entrance to the laboratory and signage asking subjects to use it before entering the laboratory should be visible

Test Technician Safety
The safety of the person(s) administering the test also needs to be
considered. Like the subject being tested, the technician(s) administering the test should wear a facemask. For healthcare providers
medical or surgical masks are recommended [27]. These facemasks
are made to guarantee one-way protection for healthcare workers,
in order to capture their respiratory droplets. For additional protection, a face shield should be used in conjunction with the facemask (discussed below) [28].
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Equipment Safety
The third area of creating a safe testing environment is to consider
the equipment being used during laboratory testing. Obviously,
the laboratory equipment will need to be cleaned and disinfected
between subjects. Prior to the current COVID-19 pandemic this
was considered good clinical practices and is even more important
in the current situation. Whenever cleaning and disinfecting laboratory equipment you should refer to the manufacturer's official
technical bulletin or User Guide. However, it is possible that any official documents regarding cleaning and disinfection of equipment
may have been written prior to COVID-19 pandemic and may lack
consideration of the issues surrounding COVID-19. Therefore, there
are some general things to consider regarding equipment. The first
thing to consider is that whatever is used to clean and disinfect the
equipment that the agent you use needs to kill the COVID-19 virus.
There are a number of disinfectants (i. e., sprays, wipes, etc.)
that can be used to eliminate the COVID-19 virus. The United States
Environmental Protection Agency (EPA) provides an updated comprehensive list of sprays and wipes that kill the COVID-19 virus [29].
Besides the brand; manufacturer; and active ingredients, the list
provides surface type effectiveness. In addition, the list also provides the contact time for each product, which is important to determine the time needed between subjects [29]. The choice of
whether to use a wipe or a spray may depend somewhat on the surface being cleaned or disinfected. Care should be given when using
any type of cleaner or disinfectant to make sure that it does not
stain or discolor equipment. For instance, disinfectants that contain iodine may stain plastic, which is often used as outer housing
on laboratory equipment. It is recommended that before using a
disinfectant a small amount be placed on an inconspicuous area on
the equipment housing. Wait a day and check to make sure that no
stain or discoloration has occurred.
Some equipment in exercise science laboratories may need additional considerations to ensure they are operating as safely as
possible. Below we list some other things to consider when testing
during various sports, clinical and exercise testing.

Cardiopulmonary Exercise Testing
By far the most common test in exercise science laboratories is cardiopulmonary exercise testing. Cardiopulmonary exercise testing
is often used to evaluate cardiorespiratory fitness; it is also frequently used in the assessment of pulmonary, cardiac and physical
impairments since it accurately uncovers systemic abnormalities
in a safe and reproducible manner [30, 31]. Given that cardiopulmonary exercise testing involves an increase in pulmonary inspiration and expiration there is concern that cardiopulmonary exercise
testing is an aerosol-generating procedure [32]. Therefore, if cardiopulmonary exercise testing is to be conducted some extra safeguards may need to be considered.

Subject Safety
Obviously, cleansing and sterilization of equipment is standard infection control practice, but it is now more important than ever in
cardiopulmonary exercise testing. Whenever possible single-use
masks, sensors, turbines, and gas lines should be used. However,
when this is not possible, manufacturer approved disinfectants
should be used on equipment that will be reused. It is recommended that exercise science testing facilities be left unused for a minimum of 20 min to allow airborne droplets to settle on surfaces before sterilizing and disinfecting equipment and surfaces [33]. Additionally, if possible, filters should be used during cardiopulmonary
testing.
Breathing filters with ~99.9 % efficiency against viruses are available. In addition, these breathing filters have been shown not to
impede flow rates that achieved during cardiopulmonary exercise
testing in the average population [33]. Most manufacturers of cardiopulmonary testing equipment have recommended filters. The
location of breathing filters depends on the type of metabolic cart
used and is discussed in detail in the section below.

Test Technician Safety
Due to the possible aerosol-generating issues surrounding cardiopulmonary exercise testing, we recommend a N95/FFP2 face mask
for those individuals administering the cardiopulmonary exercise
test. In addition, face shields and disposable gowns are also recommended for the individual administering the cardiopulmonary exercise test [34]. The breathing filters discussed above will help protect the technician from exposure to the concentrated flow that
occurs with most commercial metabolic carts. However, maximizing distance from the exercising subject as well as possibly adding
a barrier between the subject and technician should be considered
in certain laboratory settings.

Equipment Safety
Breathing filters not only offer protection to the subject and technician, but also offer a degree of protection to the cardiopulmonary testing equipment. Cardiopulmonary metabolic carts that
utilize a mixing chamber typically place a filter proximal to the mixing chamber just distal to the water collecting apparatus. This will
protect the mixing chamber from contamination. Adding another
breathing filter to the intake portion of the two way non-rebreathing valve can protect the participant from droplet inhalation. For
inline pneumotach cardiopulmonary metabolic carts a breathing
filter may be placed directly distal to the mouthpiece, which can
filter the inspired air as well as the expired air. Prior to using a
breathing filter it is best to consult the cardiopulmonary testing
equipment manufacturer’s manual when selecting a filter as well
as determining the best placement of the breathing filter.

Body Composition Testing
Outside of cardiopulmonary exercise testing, examination of body
composition is the second most common form of testing done in
most exercise science laboratories. Body composition can involve
very simple equipment such as tape measures and calipers to more
complex equipment such as dual X-ray absorptiometry (DXA).
Given the wide variety of equipment used some extra safeguards
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Subject Safety
One may wonder about having a subject wear a mask during body
composition testing especially if using a DXA. There is no issue concerning having a mask on the face (cloth or paper) altering the DXA
scan results. Anyone who has undergone a DXA scan realizes that
the subject will touch the DXA scanner and the scanner table to
help positioning themselves. So having subjects wash their hands
prior to getting on the scanner can help lower the possibility of the
individual contaminating the DXA scanner.
Determining body composition using hydrostatic weighing systems which involves the use of a water tank should be used with
extra precautions such as proper water treatments and caution with
forced expiratory practices in enclosed spaces. If hydrostatic weighing systems are to be used, local guidelines should be followed similar to public pools [35, 36]. Similarly, air displacement plethysmography body composition systems should also be used with caution.
Since subjects are asked to breathe in an enclosed space and masks
may interfere with accuracy, so filtering of inspired and expired air
should be considered. In addition, the measuring pod needs to be
thoroughly cleaned and disinfected between subjects.
Body composition measurements done using skinfold calipers
or circumference take relies on direct close contact with subjects.
Care should be used with these types of testing due to the duration and proximity of collecting accurate measurements Therefore,
the above safeguards (gloves, face mask, etc.) should be used.

shield, etc.). In addition, creating a minimum distance of 1.5 to 2 meters between the subject and the technician(s) of the test is recommended, whenever possible. Strength testing (i. e. 1 repetition maximal tests) should be done using a machine so the administrator can
avoid close contact during “spotting” that occurs with free weights.

Equipment Safety
All of the equipment used in anaerobic/strength testing including
machine, weights, weight bar, etc. need to be clean and disinfected between subjects

Conclusion
We hope this article provides some insights into creating a safe
testing and laboratory environment for both the subject as well as
the tester. Given all of these changes, exercise physiologists will
need to make adjustments in the time normally scheduled for testing and be diligent in hygienic practices to ensure a safe and accurate testing environment. In conclusion, the above suggestions are
good clinical practices and even with the hopeful end of the COVID19 virus crisis, these practices should be followed in the future to
ensure a safe exercise science laboratory.
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Test Technician Safety
Given that the test Technician of most body composition will be in
close contact with the subject to some degree, it is recommended
that they wear both gloves, face mask. A face shield should be considered as well.

Equipment Safety
All of the equipment used in body composition testing including
weight scale, calipers, stadiometer, tape measures, etc. need to be
clean and disinfected between subjects.

Anaerobic/Strength Testing
Anaerobic testing such as Wingate or strength testing often involve
maximal effort and the possibility of maximal forced expirations.
Therefore, anaerobic/strength testing offers different challenges
to creating a safe testing environment.

Subject Safety
Unlike cardiopulmonary exercise testing where subjects breathe
through a mask or mouthpiece, subjects involved in anaerobic and
strength testing do not. Therefore, it is recommended that the subject wear a face covering during testing to help lower respiratory
droplet formation.

Test Technician Safety
Similar to the precautions used for the technician(s) of cardiopulmonary exercise testing, administrators of anaerobic and strength testing should wear the appropriate PPEs (i. e., N95/FFP2 face mask, gown,
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