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Thank you very much, I’m very pleased to be here. I particularly want to thank Dean Webster, Karen Moynahan and all the staff at NASM, the other presenters today Dr. Peter Chin-Hong and Kevin Case. And finally, I want to acknowledge all of you for the incredibly tough work you’ve been doing – and will continue to do – to help keep your students and staff safe during this pandemic.



Disclaimer

Presenter
Presentation Notes
During this presentation, we’ll talk about risks of COVID-19 and strategies to combat those risks. But I want you all to understand that everything I present here is generalized information. It may not apply to your particular situation. I don’t mean to give any medical advice. You should seek out local experts who can help you apply these ideas to your situation.
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Presenter
Presentation Notes
This is an outline of what we’ll discuss during my portion of today’s presentations. We’ll start with general principles of risk reduction. We’ll discuss evidence for aerosol production by winds, brass, and singers. We’ll discuss evidence for general and musician-specific principles of aerosol mitigation. I’ll talk about some surprises we encountered during implementation of these concepts at the University of Iowa. And finally, we’ll talk about how to move forward in your own planning and implementation efforts.



General Principles of Risk 
Reduction
• Ethics and Risk Management

• Medical Ethics in Decision Making
• Nonmaleficence
• Beneficence
• Autonomy
• Justice

Beauchamp, Tom L., and James F. Childress. Principles of Biomedical Ethics / Tom L. Beauchamp, James F. Childress. Fourth ed.
New York: Oxford University Press, 1994.

Presenter
Presentation Notes
I want to back up to a 10,000-foot view of risk reduction. I don’t think it is overstating the gravity of this situation to say that music administrators, and education administrators in general, have been put into a situation of making what might be life and death decisions. Any risk mitigation strategy you use should be based on ethical principles. There are obviously many ethical frameworks you could use but I wanted to share with you the way many physicians think about life and death decisions. There are four basic pillars of medical ethics, often these are in tension with each other. You’re probably familiar with “first, do no harm.” In addition to this, we should try to maximize benefit. The principle of autonomy is that individuals should get to decide for themselves what is best for them based on an understanding of the risks and benefits. And, finally, we need to balance all of these with societal needs and scarce resources. 



General Principles of Risk 
Reduction
• Ethics and Risk Management

• Risk Management Principles
• Decision-oriented
• Begins with Diagnosis
• Analytic / deliberative risk characterization: Accurate, 

balanced, informative (shared decision making)
• Judgement

Stern, Fineberg, National Research Council . Committee on Risk Characterization, Stern, Paul C., and Fineberg, Harvey V. 
Understanding Risk : Informing Decisions in a Democratic Society / Paul C. Stern and Harvey V. Fineberg, Editors. Washington, 
D.C.: National Academy Press, 1996.

Presenter
Presentation Notes
The National Academy of Sciences has proposed a structure of risk characterization starting from the idea that the focus be on informing decision making. The problem must be diagnosed. The process should be both analytic and deliberative, with each feeding back into the other. All stakeholders should be engaged in a shared decision-making process. Each step of this process, though, requires judgement – a thousand decisions have to be made along the road to risk reduction. In this framework, the science on wind, brass, and singing performance and COVID-19 is still in the “diagnosing the problem” stage. 
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Presenter
Presentation Notes
Now we’ll talk about why we think music making is probably riskier than the background risk of other activities like going to the grocery store.



Aerosol production 
Previous data: Speaking and Vuvuzela

Asadi S, Wexler AS, Cappa CD, Barreda S, Bouvier NM, Ristenpart WD. Aerosol emission and superemission during human speech 
increase with voice loudness. Sci Rep. 2019;9(1):2348. Published 2019 Feb 20. doi:10.1038/s41598-019-38808-z
Lai, K. M., Bottomley, C., & McNerney, R. (2011). Propagation of respiratory aerosols by the vuvuzela. PLoS ONE, 6(5). 
https://doi.org/10.1371/journal.pone.0020086

Vuvuzela

Presenter
Presentation Notes
This slide highlights most of what was known about aerosol production from singers and instrumentalists before the pandemic. On the left you can see that number of aerosols (on the y axis) increases as loudness of speaking increases. You can also see that there are outliers, the red plus signs, which represents 12-20% of the population who are super-emitters, who produce several times more aerosols than others speaking, or breathing, or both. These super-emitters can be associated with super spreading events like the Skagit choir case in Washington, where over half of a choir was infected during a 2.5 hour choir practice. There was, therefore, early concern about choirs. The only wind instrument, if it can be called that, that had been studied in the context of aerosol creation was the vuvuzela, a straight noisemaker on which excited sport fans buzz their lips. This work showed dramatically more aerosol production from vuvuzela than from other sources like coughing. Work I have done with Dr. Hoffman at University of Iowa shows similar laryngeal activity in wind players compared to singing (except for actual phonation); the idea that winds and singers are similar, combined with previous data on vuvuzela, led to concern for wind instrumentalists also.



Aerosol Production
Boulder preliminary results- soprano

https://www.nfhs.org/media/4029974/preliminary-testing-report-7-13-20.pdf

As measured in clean room, Dr. Shelly Miller, PI

Presenter
Presentation Notes
Our concerns about aerosol production were well-founded and have largely been confirmed. I won’t dwell on these data because you’ll get to see much more of them on Friday when Dr. Miller’s team has another presentation, which I would recommend everyone attend. But, these are the Boulder group’s early measurements of aerosol production by a non-operatic singer. The spikes indicate that there are aerosols being produced.

https://www.nfhs.org/media/4029974/preliminary-testing-report-7-13-20.pdf


Aerosol Production
Boulder preliminary results- clarinet

https://www.nfhs.org/media/4029974/preliminary-testing-report-7-13-20.pdf

As measured in clean room, Dr. Shelly Miller, PI

Presenter
Presentation Notes
If we compare this to clarinet, again there are spikes of aerosol activity. These peaks are dramatically more than reading or breathing, and many times more than the previous singing example based on the y axis scale.

https://www.nfhs.org/media/4029974/preliminary-testing-report-7-13-20.pdf


Summary of Studies on
Winds, Brass, and Singing 
Aerosol Production
Group Space n winds / 

n players
n brass / 
n players

n voices / 
n singers

Aerosols 
created?

Boulder clean room 4/4 4/4 1/1 Y

Cincinnati studio 3/3 4/4 1/2 Y

Minneapolis clean-ish
room

6/10 4/6 Y

London clean room 8/7 Y but < than 
heavy 
breathing

Odense studio 4/4 4/4 Y but << than 
coughing

Ft Collins *in progress

Presenter
Presentation Notes
Several centers around the US and globally have now studied, or are studying, aerosol production from winds, brass, and vocalists. In this chart I include the studies which investigate aerosols, not airflow like the ones from Vienna and Bamburg. There are differences in methodology so the studies can’t be directly compared, and there are differences in the rank order of what is worst – singing, instrumentalists, speaking, breathing heavily, or regular breathing… But there are similarities: All of the researchers who have released results thus far have investigated professional or collegiate-level performers, though Colorado State University is planning to include some beginners as well. And, the key takeaway point is that all of these studies support the idea that wind, brass, and singing performance produces aerosols.



Defining the Problem: 
Music Making is an Edge Case
• Winds, brass, and singers are at higher than baseline risk of 

disseminating COVID-19 during performance

• Not specifically addressed by most federal, state, local, 
university guidelines

• CDC K-12 back-to-school guidelines label as “critical” SARS-CoV-2 
mitigation strategies such as social distancing, cloth face coverings, 
hand hygiene, and use of cohorting.  

• If the mitigation strategies cannot be implemented, activities should be 
limited or cancelled.

• CDC higher education guidance: “When there is minimal to 
moderate community transmission”… “Cancel or modify courses 
where students are likely to be in very close contact, such as 
lecture courses with close seating, or music or physical activity 
classes where students are likely to be in close proximity.”

https://www.cdc.gov/coronavirus/2019-ncov/community/guidance-ihe-response.html
https://www.cdc.gov/coronavirus/2019-ncov/community/schools-childcare/prepare-safe-return.html accessed August 8, 2020.

Presenter
Presentation Notes
If these aerosols are infectious, then we need to acknowledge as a starting off point that the risk of performing winds, brass, and singing during this pandemic is higher than a baseline risk. Mitigating this risk is not covered by federal, state, local, or standard University guidance, because the assumption is that you’re not going to be sharing a space with someone who is potentially unmasked and producing aerosols for long periods of time. The closest government guidance we have comes from the CDC, who suggest for K-12 education “if the mitigation strategies [meaning distancing, masking, etc]… if the mitigation strategies cannot be implemented, activities should be limited or cancelled.” For higher education, the CDC mentions music specifically – in areas with “minimal to moderate community transmission” – which is most of the US at this point – “cancel or modify courses where students are likely to be in very close contact, such as… music.” 

https://www.cdc.gov/coronavirus/2019-ncov/community/guidance-ihe-response.html
https://www.cdc.gov/coronavirus/2019-ncov/community/schools-childcare/prepare-safe-return.html
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Presentation Notes
So, what can we do to modify things to mitigate the risk? I should mention here- there are ways to make music and have music performance courses with no more than baseline risk  - virtually. There are technological solutions to audio lag, like putting performers in separate rooms hooked together with A/V links. Everyone’s tolerance of risk, and tolerance of uncertainty, is different. People have different real risks from coronavirus should they be infected – based on age and a host of other factors. The risk / benefit calculation is a very personal one which, according to the ethical pillar of autonomy, individuals should be able to make for themselves. But, the decision about whether in-person music making should occur is complicated. And, there are people who will teach and perform in person this year. So, what do we know about mitigating the risks of in person wind, brass, and singing performance?



Aerosol mitigation: Ventilation

“These numerical findings need to be compared to actual experimental data as 
numerical simulations cannot replace experiments when studying new transport 
phenomena, especially the ones that threaten human life.”

https://www.nfhs.org/media/4030003/aerosol-study-prelim-results-round-2-final.pdf accessed August 8, 2020

Presenter
Presentation Notes
Ventilation is one of the most important elements for reducing risk from aerosols. Replacement of indoor air with fresh outside air (by being outdoors on a breezy day, for example, or by opening a window), or with the equivalent filtered air, is essential. This computer model illustrates a single singer in the middle of a well-ventilated room (at 3 air changes per hour). You’ll see more of this on Friday when you hear from the Maryland team who created it, so I won’t spend too much time on it here. We’ll focus on the top row, an unmasked singer – showing that at 30 minutes the increased risk stays within a 2-meter radius of the singer. At 60 minutes, the risk extends to the corners of the room. However, please note the disclaimer: don’t rely on this without experimental data – as we are dealing with phenomena that threaten human life.



Aerosol Mitigation: Ventilation

Shao, S., Zhou, D., He, R., Li, J., Zou, S., Mallery, K., Kumar, S., Yang, S., & Hong, J. (2020). Risk assessment of 
airborne transmission of COVID-19 by asymptomatic individuals under different practical settings. ArXiv [preprint].

“Such inefficient particles [sic] removal through ventilation is largely associated with the 
presence of many stable circulation regions in the large space…, which increases particle 
residence time, causes the majority of particles deposited to surfaces…, and forms hot spots 
of surface contamination…”

Presenter
Presentation Notes
And the disclaimer exists for good reason. Other models predict different risks. For example, this computer model from Minnesota shows that risks vary based on where a return vent is in a classroom. If the teacher is infected, and the vent is near the front of the room, then the students are safe – but if the vent is near the back of the room, then the students near the back are at risk. These researchers found that vortices and dead zones of ventilation lead to hot spots for aerosol collection, regardless of the number of air changes per hour. This was most marked in their simulated elevator, where most of the aerosols were deposited on the walls, even though the air was theoretically changed every few minutes.



Aerosol mitigation: Distance

Chen, C, and Zhao, B. "Some Questions on Dispersion of Human Exhaled Droplets in Ventilation Room: Answers from Numerical 
Investigation." Indoor Air 20, no. 2 (2010): 95-111.

Presenter
Presentation Notes
The distance recommendation put out by the Boulder researchers (6 foot distancing except more for trombone) has come largely from the Maryland simulations. It is important to note that while this sounds similar to the six-foot distancing recommended by the CDC and other groups, it is for wholly different reasons. The “standard” six-foot guidance is based on the idea that large, heavy particles or droplets will fall from the air over distance and time and do not often travel beyond six feet. However, smaller particles or micro-droplets linger in the air, and ride air currents. This figure illustrates how different sizes of particles travel over time in a simulated room with different levels of ventilation. The larger droplets, illustrated in the right two panels, stay fairly close to the source. The smaller droplets (which might be called aerosols), illustrated in the left two panels, travel throughout the room. In general, larger distance between musicians means less risk – in part because that limits the number of players, but also in part because of the gradient of decreasing aerosol concentration that should occur with increasing distance – with the caveat of the discussions about ventilation systems that we talked about earlier.



Aerosol mitigation: Time

Dose = exposure x time
Dose ~ Infection risk
Dose ~ Severity of Infection
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Presenter
Presentation Notes
There are two main ways that time affects risk. First, in general, less time exposed means a lower dose of exposure. Since dose corresponds to infection risk and to infection severity, less time means less risk of severe infection. Second, aerosol concentration varies with time. The graph on the bottom was developed by one of our team members at the University of Iowa as we were investigating the risk of using the practice rooms. We found that, during practice, aerosol concentration increased in the room to a steady state. If we just allowed the door to open at that moment, there was an unacceptably high risk to anyone who might be in the hallway. Instead, we had to allow for extra time with a portable HEPA filtration unit running until the risk of door opening was low enough. Finally, we allowed additional time for vacant air scrubbing before the next practice session was allowed to begin. Overall, then, more fresh air or equivalently purified ventilation is better. Increasing distance generally decreases risk. Shorter exposure time, and allowing more time for aerosols to dissipate, also decreases risk. But, there’s a warning here too- ventilation systems are variable, and can lead to hot spots of risk and deposition of aerosols on surfaces.
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Presenter
Presentation Notes
Now we’ll discuss some mitigation ideas that are specific for musicians.



HEPA filtration
Measured in  Cincinnati practice room (6 air changes per hour), Dr. Jun Wang, PI

https://www.youtube.com/watch?v=UDtV1x95KEU accessed August 8, 2020

Presenter
Presentation Notes
HEPA filtration close to the source of aerosol production was studied by Dr. Wang’s group in Cincinnati, with markedly good results though he tested only two performers. The tests were in a fairly large studio having 6 air changes per hour. Aerosol concentration was several times less with HEPA filter close to the singer compared to without, measured at the performer, and 6 and 10 feet away. Unfortunately, we don’t have a measurement of the level of background aerosols with only the HEPA filter running.



Modified masks

Modified from https://www.nfhs.org/media/4030003/aerosol-study-prelim-results-round-2-final.pdf accessed August 8, 2020

Data from Boulder study

1- did not tolerate
1- increase
2- slight decrease
3- decrease

Presenter
Presentation Notes
I will spend a little time talking about three interventions which were recommended by the Boulder team, even though you are likely to see more of this on Friday. First, the idea of modified masks. These are masks with a slit in them to allow for passage of a mouthpiece or reed. These were tested on seven wind and brass performers with the results highlighted by arrows [CLICK]. One of these, the oboe player, did not tolerate the mask. For one, the trumpet player, aerosol production increased. For two woodwind players, there was a slight decrease, and for three of the brass players there was an easily noticeable decrease, in aerosol production using the mask. Theoretically these masks might help protect the wearer, even though there’s a hole in them, and they might catch emissions which pass around the embouchure or leak through the nose. They might make it easier to remain masked during rests or breaks in playing. But, the data on whether they decrease aerosol emissions during performance are mixed. 



Masks for singers
Data from Boulder study: 1 Orator and 1 non-operatic singer 

**well-fit mask**

Modified from:
https://www.nfhs.org/media/4030003/aerosol-study-prelim-results-round-2-final.pdf accessed August 8, 2020

Presenter
Presentation Notes
For masks for singers, the Boulder researchers studied one singer and one orator, with well-fit masks made from surgical-grade material. The researchers in Cincinnati, by contrast, described that their singers did not wish to wear masks. Well-fit masks means they are the kind that would leave an impression on your face when you remove them. The results [CLICK] are not particularly surprising here - we know that masking helps – but please be careful, if you are considering masks for singers, that they are the type that will allow for a good seal. I think Dr. Volckens from Colorado State University might have some more information on this during Friday’s presentation, since he’s been testing different types of masks for the State of Colorado.



Bell covers

“aerosol-
type” 
particles 
from brass

https://www.nfhs.org/media/4030003/aerosol-study-
prelim-results-round-2-final.pdf accessed August 8, 2020

Alexander Stuart Parker, Kenneth Crookston. Investigation 
into the Release of Respiratory Aerosols by Brass 
Instruments and Mitigation Measures with Respect to 
Covid-19. medRxiv 2020.07.31.20165837; doi: 
https://doi.org/10.1101/2020.07.31.20165837 [posted 
August 4, 2020, preprint]

Data from Boulder

2- could not use
3- slight decrease
3- decrease

Data from London
All brass- decrease

Presenter
Presentation Notes
The data on bell covers is a bit more consistent especially for brass players. The data from Boulder do remain somewhat mixed, for woodwinds especially – and, they have not yet tested their recommended construction of 2-ply 80 Denier nylon sandwiching a MERV-13 filter – but there are data from a British brass band which consistently show a reduction in aerosol-sized particles from the brass family using spun cotton bell covers.



Shields

• Can protect against larger droplets
• Largely ineffective against aerosols

https://www.westpointband.com/westpointmusicresear
chcenter/army-band-covid-19-risk-mitigation-for-large-
groups.html

Presenter
Presentation Notes
Shields are pictured here from the West Point Band rehearsals. They can protect against larger droplets but will be largely ineffective against aerosols. You can imagine if someone is smoking in the same room as you, even if you are separated by a plexiglass shield – you will still smell the smoke. Smoke consists of aerosols – and so the idea is that aerosols will not necessarily respect the barrier of a plexiglass shield. 



Associated Behaviors

• Emptying spit valves
• Blowing out tone holes
• Instrument swabs / feathers
• Sharing instruments (i.e., methods class, 

contrabassoons)
• On and offstage movement
• Classroom activities (sight singing)

Presenter
Presentation Notes
There are a number of behaviors which are associated with music performance which have some potential for additional risk. Nobody should be blowing out spit valves or tone holes during a pandemic. Catching the passive release of spit into a Lysol-soaked pad contained in a zippered baggie will likely reduce the risk. For tone holes, there is cigarette paper or absorbent microfiber pads. Instrument swabs should be treated with care, and ideally laundered regularly. Feathers might increase risk as they spring back into shape when they come out of an instrument. But, none of these behaviors or interventions have been studied. Sharing instruments becomes problematic especially in the short term, as it is difficult to clean woodwind instruments – though brass instruments can be given a bath. Some period of time for air drying between students would likely help decrease the risk. It can be difficult to assure social distancing during movements on and offstage. Teachers might not think twice about asking students to sing in various classes – but they should, especially for classes like music theory or ear training where singing can make up a significant portion of the activity.



Reeds

Presenter
Presentation Notes
Because I am a bassoonist, I will spend a moment talking about reeds. I have specific reed guidelines developed after extended discussion with Dr. Peter Krug, an NIH virologist. The short story is that I recommend no reed sharing. Reeds cannot be disinfected adequately in the short term without destroying them. To transmit a reed to another person, the best option is a two-minute soak in ethanol, then allow to dry open to the air for a week of quarantine. If the reedmaker gets sick during that time then the reed should be discarded. I’m happy to share this infographic with you if you’d like, just send me an email.
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Presenter
Presentation Notes
I’d like to discuss some of the surprises we had at the University of Iowa and how local variations can affect the applicability of general guidance.



UI Ventilation

Presenter
Presentation Notes
When I was approached by the music school initially I thought we could just plug in air changes per hour and figure out how safe a particular situation was, or how much extra HEPA filtration we needed to add. Instead I wound up learning more about ventilation systems than I ever thought there was to know. I'll give some examples. I’ve already talked a little bit about our practice rooms. Ours have a minimal, but respectable, 2-point-something air changes per hour with a "chilled beam" system (all with fresh outside air). But the issue is the return air - there are no returns in individual practice rooms; instead, air is meant to make its way around the doors into the hallways. Modeling showed that this is a major source of potential risk in that area. Our testing using nebulizers inside the room with particle counters inside and outside (the pictures on the right), led us to change how practice sessions need to be set up for the aerosol producers. Another example, our large stage uses displacement ventilation; the numbers say that the maximum is around 3 air changes per hour (with 30 percent outside air) but because of the system design the air remains layered with more air being delivered to person-height than to the large space above the audience. The designers say this effectively gives around 12 air changes per hour to head height on the stage - but, in our testing with the ventilation system cranked up we saw smoke staying fairly stagnant on the stage (we used smoke and bubbles, which you can see in the pictures on the left). This might be because fewer heat sources (warm bodies) on stage and in the audience leads to changes in the expected convection currents. We still need to study it more, but in the interim we have changed what we thought was possible for number of aerosol producers on our large stage. The take home message is that it is not just about air changes per hour, there's lots of subtlety in how each space needs to be evaluated.
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Presentation Notes
So, how can you figure out what is safe in your space, for your people, in your community?



Importance of Analysis, Deliberation, 
Shared decision-making

“ Can I fit [a high number of] woodwind methods students in 
my room with [a low number of] air changes per hour for 
hour-long classes?”

“ Can I put up a clear shower curtain to protect myself from 
my student’s aerosols?”

These are the kinds of things teachers have 
been trying to figure out on their own:

“I’m planning to have all my students put their instruments in a bag to play them.”

Presenter
Presentation Notes
First of all, it is important to have a thoughtful approach to analysis and deliberation with the shared decision-making model, or whatever model it is that you choose to use for risk characterization. The importance of this is highlighted by some of the questions I have gotten, like the ones on this slide, from teachers who are trying to figure this stuff out on their own. As we transition into Kevin’s talk on legal ramifications, you can imagine that I am thrilled when these kinds of questions make their way to me – but I am terrified of the times when they don’t, and I worry this is just the tip of the iceberg. 



Analysis and Deliberation

• Load the Boat
• Music making is an “edge case”
• Marshall local resources: Building engineer, facilities 

management, ventilation designer, aerosol expert, 
infectious disease physician, local hospital / medical 
school, testing / research labs

Presenter
Presentation Notes
Circling back to the principles of risk categorization, the right people need to be at the table. Load the boat. Because you’re here, you understand already that music making is an “edge case” – your leadership should rally behind your needs, which are different from the needs of people who sit in lectures all day long. Get building engineers, facilities management, ventilation experts (designers if you can), your aerosol experts, physicians, local medical schools, research labs – all of these people can offer something you might need in the decision making process. 



Defining your problem

• Online risk 
calculators

• Air change rate? 
CO2 monitoring 
(fire extinguishers)

• Smoke (incense)
• Nebulizer
• Particle counter 

(~$2500)

Presenter
Presentation Notes
After you load the boat with experts you might decide to use some of these tools to define your problem. There are many online risk calculators available for classrooms, this is one from Boulder pictured on the slide. If you’re unsure of your ventilation system, it can be tested with carbon dioxide from a fire extinguisher, monitoring CO2 levels. You can check to some extent for ventilatory “dead zones” with smoke – though it is difficult to test a large space in this way. Nebulizers create aerosols and, combined with particle counters, can give you insight on where aerosols will flow from a given space. 



Decision Making

• Stack solutions
• Unknown risks, unknown benefits

• Maintenance / active surveillance

Presenter
Presentation Notes
Figure out what risk mitigation options are available to you. There are some, like increasing distancing, decreasing time of exposure, decreasing number of people, increasing ventilation, serial testing – that are very likely to reduce risk. Knowing how much to do these things requires expert consultation. Some, like bell covers, or modified masks, might reduce risk. But, when you put these together, stacking them, the risk reduction is additive - even though we don’t necessarily know the absolute risk reduction from any particular intervention. You might be able to get to a level of risk, and a level of uncertainty, that you, and your teachers or students, are comfortable with. But you might not. Consider how you’re going to know whether what you are doing is working. There is the concept that if it works, you might never know- but if it doesn’t, you’ll know for sure. If you employ serial testing, this can be both a mitigation strategy and a monitoring strategy. You can also consider an active aerosol surveillance program, with regular measurements of aerosol concentrations taken from your high-risk spaces. 



Decision Making

• Do the hard work to figure out how to make music 
safely in your spaces, with your people, in your 
community

Presenter
Presentation Notes
Deciding what to do is difficult, and there are potentially deadly consequences if you get it wrong. But it is possible to do it right. Each institution needs to do the hard work to figure out what is best for your spaces, your learners, your educators, and within your communities. 
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