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Description of Baseline Risk Determination 
For the first two scenarios, risks of OA and infection risk (with either recovery or death) 

were set equal to each other (Table 1). Risk in either outcome was changed by the same 

amount in the Hospital 2 and 3 choices relative to Hospital 1. The first scenario (OA = Infect & 

Recover) specified the outcome of the infection was recovery, while in the second scenario (OA 

= Infect & Death), the specified outcome for infection was death. 

An assumed baseline risk of 6% for OA was informed by Delclos et al. (3) the 

prevalence of new onset work-related asthma among U.S. healthcare workers without asthma 

who engage in an average amount of cleaning and disinfection. This is similar in magnitude to 

other studies detailing the proportion of healthcare workers who reported having asthma onset 

post-hire (9). It is therefore assumed that this baseline risk of OA is for “normal” cleaning and 

disinfection practices. For the OA = Infect & Recover and OA = Infect & Death scenarios, this 

same risk was assumed for risk of infection, recovery or death. However, for OA = Infect & 

Death, risks were expressed as a number out of 50 million as opposed to out of 100,000, as in 

the OA = Infect & Recover scenario, so that the denominator was the same for OA >> Infect & 

Death scenario, where risk of infection and subsequent death was notably low (discussed 

below). 

For respiratory infection risk, an annual infection risk was estimated. A risk per shift was 

estimated by accounting for a number of fomite touches over the course of a shift and a risk per 

a single contact per fomite touch (10), and aggregated over the year. This assumed an infection 

risk of 1 x 10-7 risk for a single fomite touch, where a hand-to-face contact directly followed a 

fomite touch. Cleaning and disinfection was assumed to offers a ~3 log10 reduction of the virus 

on surfaces (10), and this effect was omitted in risk calculations for scenarios with decreased 

cleaning and disinfection.  

For all scenarios, Hospital 2 posed a twofold increased risk of OA (3), while the 

probability of Infect & Recover and Infect & Death did not change from Hospital 1. Hospital 3 
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posed an increase of risk of infection based on estimated increase in risk from fomites due to 

decreased cleaning and disinfection. For the OA = Infect & Death and OA > Infect & Death 

scenarios, the risk of death after infection was based on rates of COVID-19 mortality among 

U.S. healthcare workers (11).  These data lacked information regarding vaccination status, 

meaning the risk of mortality is likely an overestimate in this study. Risk of death estimates are 

described below with parameter information in Table S2. 

Description of Infection Risk Calculation 
We assumed 30 fomite contacts would occur per care episode, informed by real-world 

healthcare observational data (12). However, not all of these contacts would be followed directly 

by a hand-to-face contact. We assumed 1% of fomite contacts would be followed directly by a 

hand-to-face contact. This is similar to the ratio between the frequency of hand-to-face contacts 

(0.4 contacts/min) (13) and the frequency of surface contacts (10 contacts/min) (12), where we 

assumed a smaller ratio (1% vs. 0.4/10=4%) based on anticipated less frequent hand-to-face 

contacts of healthcare workers in care episode settings than in classroom settings, from which 

the 0.4 contacts/min value originates (13). We then assumed there are 20 care episodes per 

shift, approximated by using data describing the number of healthcare worker entries to patient 

rooms per hour divided by the number of unique individuals entering, yielding entries per person 

per hour, times a 12 hour shift (5 entries per hour / 3 people x 12 hours = 20.4 entries per shift 

per person) (14). We assumed 3 shifts per week, based on a 12-hr shift schedule, and 48 

working weeks per year (15).  Using these values, an annual risk (𝑃 ) was calculated, 𝑃 = 1 − (1 − 𝑝) ∙ ∙ ∙ ∙                                            (1) 

where 𝑝 = a risk from a single contact with a fomite directly followed by a hand-to-face contact, 𝑛 = the number of fomite contacts per care episode, 𝐹 = the fraction of fomite contacts directly followed by a hand-to-face contact, 𝑛 = the number of care episodes per shift 𝑛 = the number of shifts per week 
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𝑛 = the number of working weeks per year 

Other behavioral considerations such as the timing of hand hygiene relative to high-risk 

fomite contacts and hand-to-face contacts, the relative contamination levels of hands vs. 

fomites, and changes in hand-to-face and hand-to-surface contact behavior based on personal 

protective equipment (PPE) use are not accounted for here due to high variability and 

uncertainty of these parameters across anticipated scenarios.  

Description of Estimated Risk of COVID-19 and Subsequent Death 
The Centers for Disease Control and Prevention reported 641 deaths among 100,570 

COVID-19 cases among healthcare workers. We assumed that a majority of reported cases 

were due to symptomatic COVID-19 infection, as the CDC states in the update on COVID-19 

cases among healthcare workers that the numbers are likely underestimates due to lack of 

capturing asymptomatic cases, despite prioritized testing among healthcare workers (11). It was 

assumed that the probability of becoming symptomatic given infection 𝑃(𝑠𝑦𝑚𝑝𝑡𝑜𝑚𝑎𝑡𝑖𝑐|𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛) was 60%, informed by an approximate asymptomatic proportion of 

40 to 45%.(16) Therefore, 𝑃(𝑑𝑒𝑎𝑡ℎ|𝑠𝑦𝑚𝑝𝑡𝑜𝑚𝑎𝑡𝑖𝑐) was assumed to equal 0.0064 (11).  𝑃(𝑑𝑒𝑎𝑡ℎ ∩ 𝑠𝑦𝑚𝑝𝑡𝑜𝑚𝑎𝑡𝑖𝑐) = 𝑃(𝑑𝑒𝑎𝑡ℎ|𝑠𝑦𝑚𝑝𝑡𝑜𝑚𝑎𝑡𝑖𝑐)𝑃(𝑠𝑦𝑚𝑝𝑡𝑜𝑚𝑎𝑡𝑖𝑐|𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛)𝑃(𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛)               (3) 

Because the source of the transmission route per infection is unknown or may not be 

specified due to multiple transmission routes being at play, our approach inherently assumes 

that hospitalization and mortality risks are consistent across all transmission routes, despite 

some early evidence that severity of disease outcomes may be influenced by transmission route 

where fomite transmission routes may pose less severe disease outcome risks (17). Therefore, 

the estimated risk of death given infection is likely conservative for infections originating from 

the fomite route, specifically.  

Cleaning and Disinfection Behaviors Results 
 All participants reported using cleaning/disinfection products at home, and 96% (66/69) 

reported using cleaning/disinfection products at work. The most common response for number 
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of times participants clean or disinfect surfaces or equipment at work was 1-3 times per day 

(42%, 29/69), followed by 3-5 times per day (17%, 12/69) and 10+ times per day (17%, 12/69). 

Wipes (n=66) were more commonly used than sprays (n=26) (fractions out of 69 are not 

reported since participants could have selected more than one type). A majority of participants 

(87%, 61/70) reported no negative effects from cleaning/disinfection at work, while 12% (8/70) 

did: cough; red eyes; skin irritation; difficulty breathing; burning sensation in the eyes, nose, 

and/or chest; runny nose; and headache. Sixty-seven percent (46/69) indicated 

cleaning/disinfection activities at work have changed because of COVID-19: increased 

frequency and number of surfaces/locations, use of disinfectants as opposed to less intense 

products and other product changes, increased diligence, more attention to hygiene of personal 

spaces at work, institute-mandated cleaning. 

Experiences with Asthma and Occupational Infections Results 
 Sixty-seven percent (54/69) participants reported knowing someone at work or outside of 

work who has asthma. Similar proportions of participants reported having ever contracted a 

respiratory viral infection at work (36%, 25/69), not having ever contracted a respiratory viral 

infection at work (35%, 24/69), and not knowing if they had (29%, 29/69). For those who had, 

the types of infections described in 25 open-ended responses included COVID-19 (48%), cold 

(32%), influenza (28%), upper respiratory infections (12%), and pneumonia (4%). Most 

participants (45%, 31/69) believed droplets to pose the greatest risk of respiratory viral infection 

at work, with aerosols being the next most common response (33%, 23/69). Most participants 

had known someone who contracted a viral infection from work (80%, 55/69). Forty-six percent 

(32/69) reported having known someone who had been hospitalized for a respiratory viral 

infection from work, and 14% (10/70) reported having known someone who has died from a 

respiratory viral infection from work. 
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Self-perceived Willingness to Take on Risks and General, COVID-19-related, 
and C&D-related Risk Perceptions Results 
 On a scale of 1 (not willing to take risks) to 10 (very willing to take risks), the average 

score of self-perceived willingness to take on risk was 5.42 (SD=2.01), with a range from 1 to 

10. There was a statistically significant difference in self-perceived willingness to take on risks 

across healthcare role (p=0.003) but was not statistically significantly different across age, 

ethnicity, gender, race, or years working in healthcare. Those in the “other” role category were 

generally less risky than those in the direct patient care, administrative/leadership, or education 

category. The mean score for those in administrative/leadership roles was greatest (5.8), while 

those in the education category had the greatest median (6.5). Distributions of scores by 

healthcare role can be seen in Figure S1.  

On a scale of 1 (lowest risk) to 5 (highest risk), the activity with the highest mean risk 

score was drinking and driving (mean=4.9, SD=0.28), followed by smoking (mean=4.7, 

SD=0.53), and riding a motorcycle (mean=4.3, SD=0.78). Going into a restaurant or a store 

without a mask during COVID-19 yielded mean scores of 3.2 (SD=1.3) and 3.3 (SD=1.2), 

respectively. Not getting the COVID-19 vaccine and getting the COVID-19 vaccine yielded 

mean scores of 3.7 (SD=1.4) and 1.9 (SD=1.2), respectively. There were no statistically 

significant differences in the risk scoring of getting the COVID-19 or not getting the COVID-19 

vaccine across age, gender, ethnicity, race, years in healthcare, or healthcare role. Both using 

cleaning products at work (mean=2.28, SD=0.84) and not using cleaning products at work 

(mean=3.86, SD=1.34) were viewed as riskier than using cleaning products at home 

(mean=1.9, SD=0.86) and not using cleaning products at home (mean=3.0, SD=1.27). There 

were no statistically significant differences in the risk scoring of using cleaning products at work 

or not using cleaning products at work across the variables mentioned above. Risk score 

distributions for activities can be seen in Figure 1. 
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Table S1. Variables for Fisher’s Exact Tests to Investigate Differences in Risk 
Scores and Risk-Risk Tradeoff Scenarios 
 Variables 
Significant differences tested across these 
variables for self-perceived willingness to 
take on risk, risk scoring of specific COVID-
19-related and C&D-related activities 

age, gender, race, ethnicity, number of years 
working in healthcare, and healthcare worker 
role 

Significant differences tested across these 
variables for each risk-risk tradeoff scenario 
decision 

age, gender, race, ethnicity, number of years 
working in healthcare, and healthcare worker 
role, self-perception of willingness to take on 
risks, having had negative health effects from 
using C&D at work, views on what 
transmission route poses the greatest 
respiratory viral infection risk, having ever 
contracted a respiratory viral infection at 
work, knowing anyone who has contracted a 
respiratory viral infection from work, knowing 
anyone who has been hospitalized or died 
from a respiratory viral infection form work, or 
knowing anyone at/outside of work with 
asthma 

 
 
Table S2. List of Everyday Activities in Risk Perception Questions 

• Riding a motorcycle 
• Driving a car 
• Drinking and driving 
• Using a gun 
• Drinking tap water  
• Drinking bottled water 
• Smoking  

• Going into a store without a 
mask 

• Going into a restaurant without 
a mask  

• Getting the COVID-19 vaccine  
• Not getting the COVID-19 

vaccine  
• Using cleaning products at 

home  
• Not using cleaning products at 

home  
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Table S3. Parameters for informing probabilities of outcomes 
Parameter Variable Point Value Source 

Probability of infection 
risk from a single hand-

to-fomite contact 
followed directly by a 
hand-to-face contact 

𝑝 

Baseline: 
 

Option 2 (assumes 
decreased 

cleaning/disinfection): 
 

(10) 

Number of fomite 
contacts per care 

episode 
𝑛  30 (12) 

Fraction of fomite 
contacts followed by 

hand-to-face contacts 
𝑓  0.01 Assumed 

Number of care 
episodes per shift 𝑛  20 Assumed 

Number of shifts per 
week 𝑛  3 Assumed 

Number of working 
weeks per year 𝑛  48 Assumed 

Risk of new asthma 
onset for healthcare 
workers over a year 

𝑃(𝑛𝑒𝑤 𝑎𝑠𝑡ℎ𝑚𝑎 𝑜𝑛𝑠𝑒𝑡) 

Baseline risk: 0.06 
 

Option 1 (Increased 
surface 

cleaning/disinfection): 
0.12 

(3) 

Fraction of COVID-19 
cases that are 
symptomatic 

𝑃(𝑠𝑦𝑚𝑝𝑡𝑜𝑚𝑎𝑡𝑖𝑐|𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛) 0.60 (16) 

Fraction of COVID-19 
cases that result in 

death among healthcare 
workers 

𝑃(𝑑𝑒𝑎𝑡ℎ|𝑠𝑦𝑚𝑝𝑡𝑜𝑚𝑎𝑡𝑖𝑐) 0.0064 (11) 

 
 
Table S4. Descriptive statistics of risk scoring for general, COVID-19 related and 
C&D-related activities 

Activity Mean (SD) Min, Max 
Riding a motorcycle 4.3 (0.78) 2.00, 5.00 

Driving a car 2.7 (0.78) 1.00, 4.00 
Drinking and driving 4.9 (0.28) 4.00, 5.00 

Going into a store without a 
mask during COVID-19 3.3 (1.2) 1.00, 5.00 

Drinking bottled water 1.6 (0.91) 1.00, 5.00 
Smoking 4.7 (0.53) 3.00, 5.00 

Drinking tap water 2.3 (1.07) 1.00, 5.00 
Going into a restaurant without a 

mask during COVID-19 3.2 (1.3) 1.00, 5.00 

Getting the COVID-19 vaccine 1.9 (1.2) 1.00, 5.00 
Not getting the COVID-19 

vaccine 3.7 (1.4) 1.00, 5.00 

Using cleaning products at 
home 1.9 (0.86) 1.00, 4.00 
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Not using cleaning products at 
home 3.0 (1.27) 1.00, 5.00 

Using cleaning products at work 2.28 (0.84) 1.00, 4.00 
Not using cleaning products at 

work 3.86 (1.34) 1.00, 5.00 

 

 

Figure S1. Distribution of scores of willingness to take risks (1=not willing, 
10=very willing) by healthcare role* 
*Dashed lines indicate mean willingness to take risk scores per healthcare role 
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Tipping Point Results 
OA = Infect & Recover Scenario 
For those who preferred increased OA risk to maintain infection risk (Hospital 2), only the two 
lowest tipping points (risk someone is willing to take on) options were selected: 12,000 or 
20,000 out of 100,000. For those who preferred increased infection risk to maintain OA risk 
(Hospital 3), the most selected tipping points were the smallest and the largest values (12,000 
or > 60,000 out of 100,000). 

OA = Infect & Death Scenario 
The most common preference was to increase OA risk to maintain the risk of infection and 
subsequent death. The most common risks of asthma that participants were willing to take to 
maintain their infection risk (tipping point) were the smallest and largest (6 million and > 30 
million out of 50 million) options. For those who chose to increase their infection and 
subsequent death risk to maintain asthma risk (Hospital 3), sixty percent (6/10) selected the 
lowest option (6 million out of 50 million) for the infection and subsequent death risk they were 
willing to take on to maintain their baseline asthma risk. 

OA > Infect & Recover Scenario 
For those who chose to increase infection risk to maintain OA risk, the most frequently selected 
options for accepted infection risk to maintain baseline asthma risk were the smallest (860 out of 
100,000) and largest (>60,000 out of 100,000) options. For those who chose to increase asthma 
risk to maintain infection risk (Hospital 2), all (n=5) selected the lowest tipping point option 
(12,000 out of 100,000). 

OA >> Infect & Death Scenario 
For those who chose to increase risk in OA to maintain a baseline risk of infection and 
subsequent death, the two most common risks were the smallest (6 million out of 50 million) and 
the largest (more than 30 million out of 50 million). For those who chose to increase their 
infection and subsequent death risk to maintain baseline asthma risk (Hospital 3), the most 
common choices were the smallest (1,500 out of 50 million) and second smallest (500,000 out 
of 50 million) risks. 

Insights 
Although 46% (32/69) of participants had the same choice pattern (increasing infection risk to 
maintain asthma risk when death was not a potential outcome of the infection, switching to 
increased asthma risk when death was a potential outcome of the infection), there were notable 
differences in the amount of infection risk or asthma risk they were willing to take on (tipping 
point), where distributions appeared bimodal with the largest proportions being for the smallest 
and largest risk choices. 
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Figure S2. Distribution of tipping points (a risk someone is willing to take on for one 
outcome to maintain a risk for another) per scenario and per hospital choice, where scenarios 
are described based on baseline risks, either equal or unequal risks of occupational asthma 
(OA) and infection & recovery (infect & recover) or infection and death (infect & death), and 
hospital choices included increased asthma risk to maintain infection risk (inc. asthma risk) or 
increased infection risk to maintain asthma risk (inc. infection risk). As an example, a 0.2 tipping 
point in Inc. Asthma Risk for the OA >> Infect & Death scenario means that a participant would 
be willing to take on up to a 20,000 out of 100,000 risk of asthma to maintain their baseline level 
of infection and subsequent death. 
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