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INTRODUCTION

The transmission dynamics of SARS-CoV-2 are complex. They depend on factors that
enhance or protect against fomite, large droplet and aerosol transmission, as well as local
prevalence of disease. The public face challenges in understanding and making educated
decisions about daily activities, prompting perspective pieces such as ‘We’ve been left to
calculate our virus risk on our own. We’re terrible at it.”? Mobile apps could play an
important role in helping individuals understand infection risk from everyday activities.
Current COVID-19 risk apps range from predictive models estimating the risk of critical
illness, to symptom checkers and workplace guides.
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Here we present the development and implementation of MyCOVIDRIsk app, intended

to both inform Americans of the risk incurred when engaging in different activities and

to guide on risk-reduction measures. Our objective was to create a tool that was freely
accessible to the public, incorporated up-to-date information on local disease prevalence?
and helped people easily understand how to reduce risk without divulging personal
information. The hypothesis was that if individuals could continue to engage in enjoyable
low-risk activities, we could reduce community transmission while also minimising anxiety,
isolation and so-called pandemic fatigue.

Literature review

The idea of MyCOVIDRIisk was conceived in July 2020 following conversations on social
media about challenges with estimating risk and the cognitive burden of making these
calculations with little knowledge several times a day. We reviewed peer-reviewed and

grey literature to identify published studies on: (1) transmission dynamics and protective
measures, (2) COVID-19 risk scores, and (3) risk assessment apps or websites. We aimed
to identify infection (1) risk factors, (2) sources of reliable prevalence data, (3) attack rates
associated with different activities and (4) studies modelling the effect of mitigation factors.

Model development

In contrast to explanatory statistical modelling that focuses on testing hypotheses, our
goal was to create a predictive model for the purpose of forecasting the value of a new
observation (whether a person will develop COVID-19). We aimed to identify a simple
model that would roughly predict infection risk and also make the development process
shorter and less complicated. With this knowledge in mind, we undertook four steps
common to predictive model development: data understanding, model assembly, model
audit and model delivery. We had an a priori understanding of variables that needed to

be included to predict transmission risk based on existing literature, clinical care and
public health guidelines, and supplemented this experiential data with a literature review
(data understanding). Based on the literature review, we identified high-quality models
for estimating transmission and mitigation (model assembly). We consulted with experts
in biostatistics, epidemiology and mathematics to inform adjustments to the model and

to provide independent assessments model validity (model audit). Due to continued lack
of accurate population data on transmission patterns, prospective or retrospective model
validation based on real-world data was not possible at the time of model creation. After we
completed fine tuning of the model and received feedback on the app design, we deployed
the app and shared it publicly together with documentation and communication of the
scientific premise of the model (model delivery).

Creation of app wireframe

Design decisions were made based on behaviour change theory, theories of ‘persuasive
technology,” principles of user-centred design, and prior experience in development of
effective and engaging digital health technologies, to ensure the app was usable for
individuals of all ages and digital literacy.3-> To maximise persuasiveness, we designed
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the app to be used in two stages: the first stage requires user input to specify details

of the planned activity, and the second stage allows the user to choose options to

reduce transmission risk (online supplemental file 1). To reduce user fatigue and improve
engagement, we limited scrolling, avoidable clicking and the number of input screens prior
to the preliminary output. Consistent with best practices for digital health behaviour change,
we provided person-alisation and interactivity, used multiple techniques for engagement, and
included both positive and negative feedback. We worked with a UX expert to design icons
that were visually appealing and inclusive.

App analytics

RESULTS

Model

We obtained basic usage statistics from Google Analytics (14 October—18 December 2020)
and back-end app data (1 October—18 December 2020). Although formal user feedback was
not solicited after launch, unsolicited feedback was received through our website, email and
informal conversations.

Findings of our review included a risk chart ranking day-to-day activities into categories

of risk and COVID-19 risk apps®; however, the apps required users to share demographic
information, chronic health conditions or health records.”~10 Many COVID-19 apps were
designed to show risk of critical, fatal illness or hospitalisation. Other than the transmission
estimator by Jimenez, we did not find other COVID-19 tools that calculated projected risk of
daily activities.11

Based on our initial review, risk factors included location near high COVID-19
prevalence counties, indoor activities,}2 poor ventilation, long durations of visits, physical
exertion and close proximity to others.13 Mitigation factors included wearing a mask,
distancing, reducing activity time, washing hands, increasing ventilation and wearing eye
protection 14-19

Based on our literature review, the most accurate model of transmission dynamics was
identified as the box model of airborne transmission, developed by Miller et a/and
instrumentalised in the COVID-19 Aerosol Transmission Estimator by Jose Jimenez.11 20
Using Jimenez’s estimator, we calculated the probability of infection given user entered
data, local prevalence, and then used odds ratios (ORs) reported in the literature to calculate
posterior probabilities of infection with mitigation measure use.1® After consultation with
external experts, in the absence of a clear consensus of how to calculate risk, we assumed
that the individual protective measures were independent events with independent effects
on probability (eg, allowing multiplication of effects). Regarding risk levels, we considered
a 5% risk of infection (eg, the attack rate for a family member) as ‘very high,’?! and the
risk of fatality when flying in an aeroplane (assuming travelling by plane eight times a
year during a 75-year lifespan) as ‘very low’.22 Parameters for other user inputs—quanta
(infectious particle transmission rate), building ventilation rates, event venue size—were
sourced from peer-reviewed literature and expert consensus.11 23
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App overview

Based on iterative user feedback on the initial app wireframe, we reordered screens;
redesigned input icons; changed input screens for activity time and per cent of people
masked; included check-boxes to ensure its use in the USA and moved detailed modelling
information to optional screens.

Analytics on use

MyCOVIDRIisk app was launched on 1 October 2020. As of 18 December 2020, the app
was accessed over 1 million times by users in over 112 countries (96.5% in the USA).
Within the USA, first-time users accounted for 84.5% of access (table 1). Of activities
selected, meeting at friend’s house was most common (22.6% of respondents), followed by
shopping (20.2%) and taking a walk (11.6%). Activities related to dining (restaurant: 8.7%,
bar: 1.7%) and self-care (salon: 7.0%, gym: 5.7%) were less common (online supplemental
file 2). Planned gathering sizes varied widely between users with the majority of calculations
(55.6%) involving groups of 1-10 people. Of those using mitigation steps, almost all
(99.9%) selected social distancing and 83.7% planned to wear a mask (table 2).

Tracking user risk assessments before and after selection of mitigation steps revealed

that the majority of users received a ‘low-risk” or “very low-risk” assessment even before
mitigation steps were selected. Those that received a ‘high-risk’ score most often were able
to achieve ‘low risk’ after selecting mitigation steps (online supplemental file 3).

DISCUSSION

The MyCOVIDRIisk app was created within 3 months in response to the public health
imperative for accurate, comprehensible risk assessment information. Its high utilisation,
despite lack of formal advertising, demonstrates demand for and accessibility of this simple
risk assessment and mitigation tool.

Using health apps to increase public health awareness and reduce misinformation should be
part of a comprehensive public health strategy to address epidemics or pandemics. Over 81%
of adult Americans have smart-phones and one in five uses health apps.2* 25 To design and
launch a useful, usable application requires not just scientific evidence, but also the ability to
incorporate principles of user-centred design and science communication. Behaviour change
is essential to reducing SARS-CoV-2 transmission. Elements of behaviour change related to
this work include: (a) helping people understand transmission (here is your MyCOVIDRisk
score), (b) creating social norms (people want to reduce risk), (c) giving people an action
(take these mitigation steps like mask-wearing to reduce risk), (d) making change easy
(easily choose a safer activity). MyCOVIDRIsk is easy to use, has widespread uptake and
illustrates the importance of multiple layers of protection. Additionally, it is updated with
real-time prevalence data using Application Programming Interfaces (APIs) and is less
expensive than other traditional public messaging campaigns. Using health apps to increase
public health awareness and reduce misinformation should be part of a comprehensive
strategy to address pandemics.
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Future work should include considerations of how to disseminate and motivate use of the
app by those who may be sceptical or unaware, and how to enhance use of mitigation

steps. Changes in knowledge, behavioural intention and actual behaviours are still unknown.
Additional modifications could include enhancement of more complex risk modelling (eg,
travel, doctor’s visits), ‘behavioural nudges’ or linkages to testing. Limitations include that
it may be inaccessible to those at highest risk: Black, Hispanic, Native Americans and older
adults have decreased access to broadband WIFI (although national studies suggest similar
rates of smartphone access and health app usage). We hope to translate the app and ensure
cultural relevance to diverse groups.

Although the risk model would ideally be validated prospectively, continued lack of accurate
data on exposure histories of those diagnosed with COVID-19 makes this challenging.
Effect estimates of mitigation measures were partly based on observational studies of

other beta-coronaviruses, due to limited data available for SARS-CoV-2. We purposefully
provided quintiles of risk rather than exact estimates, recognising continued scientific debate
about precise transmission dynamics. Although we may be overestimating the benefit of
multiple protective measures, research shows that when layers of protection are used the

risk approaches zero.26-29 We would encourage scientists to contact us to pressure-test our
model using assumptions about viral transmission dynamics.

CONCLUSION

MyCOVIDRIisk could serve as a model of mobile apps that enhance public awareness and
gamify risk mitigation. Although the impact of the app on COVID-19 fatigue and anxiety
has not yet been elucidated, apps such as MyCOVIDRisk may help the public make more
nuanced decisions that allow safe activities to continue when pandemics last for months.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

The authors would like to give thanks to other scientists who have given their input and feedback during the
development of this app: Jose L Jimenez (University of Colorado-Boulder) and his work on the COVID-19 Aerosol
Transmission Estimator, Roee Gutman (Brown University), David Blake (Augusta University), Arnold Barnett
(MIT), Raina Maclntyre (University of New South Wales), Thomas Tsai (Brigham and Women’s) and the Harvard
Global Health Institute.

Funding
This publication was made possible by the National Institute on Aging (K76AG059983), the Brown Physicians
Academic Assessment Research Award (Pl: EMG), the Warren Alpert Endowed Professorship of Emergency
Medicine (MLR) and the Brown-Lifespan Center for Digital Health.

REFERENCES

1. Achenbach J We’ve been left to calculate our virus risk on our own. We’re terrible at it, 2020.

2. COVID-19 event risk assessment planning tool, 2020. Available: https://
covidl19risk.biosci.gatech.edu/ [Accessed 23 Dec 2020].

BM.J Innov. Author manuscript; available in PMC 2021 April 01.


https://covid19risk.biosci.gatech.edu/
https://covid19risk.biosci.gatech.edu/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Goldberg et al.

Page 6

3. Birnbaum F, Lewis D, Rosen RK, et al. Patient engagement and the design of digital health. Acad
Emerg Med 2015;22:754-6. [PubMed: 25997375]

4. Mohr DC, Schueller SM, Montague E, et al. The behavioral intervention technology model: an
integrated conceptual and technological framework for eHealth and mHealth interventions. J Med
Internet Res 2014;16:e146. [PubMed: 24905070]

5. Riley WT, Rivera DE, Atienza AA, et al. Health behavior models in the age of mobile interventions:
are our theories up to the task?. Transl Behav Med 2011;1:53-71. [PubMed: 21796270]

6. Texas Medical Association. TMA chart shows COVID-19 risks for various activities. Available:
https://www.texmed.org/Template.aspx?id=54216&terms=risk%20chart [Accessed 23 Dec 2020].

7. Liang W COVID-GRAM critical illness risk score MDCalc, 2020. Available: https://
www.mdcalc.com/covid-gram-critical-illness-risk-score [Accessed 23 Dec 2020].

8. Infermedica: COVID-19 risk assessment tool, 2020. Available: https://infermedica.com/
covid19#use-it [Accessed 23 Dec 2020].

9. Predict COVID-19 test result, 2020. Available: https://riskcalc.org/COVID19/ [Accessed 23 Dec
2020].

10. Jehi L, Ji X, Milinovich A, et al. Individualizing risk prediction for positive coronavirus disease
2019 testing: results from 11,672 patients. Chest 2020;158:1364—75. [PubMed: 32533957]

11. Jimenez JL. COVID-19 aerosol transmission estimator. Available: https://docs.google.com/
spreadsheets/d/16K10QKkLD4BjgBdO8ePj6ytf-RpPMIJ6aXFg3PriQBbQ/edit [Accessed 23 Dec
2020].

12. Hu M, Lin H, Wang J, et al. Risk of coronavirus disease 2019 transmission in train passengers: an
epidemiological and modeling study. Clin Infect Dis 2021;72:604-10. [PubMed: 32726405]

13. Nishiura H, Oshitani H, Kobayashi T. Closed environments facilitate secondary transmission of
coronavirus disease 2019 (COVID-19). medRxiv 2020.

14. Descartes Labs: COVID-19 now, 2020. Available: https://www.descarteslabs.com/resources/
covid-19-now [Accessed 23 Dec 2020].

15. Beale S, Johnson AM, Zambon M, et al. Hand hygiene practices and the risk of human coronavirus
infections in a UK community cohort. Wellcome Open Res 2020;5:98. [PubMed: 34250260]

16. Chu DK, Akl EA, Duda S, et al. Physical distancing, face masks, and eye protection to prevent
person-to-person transmission of SARS-CoV-2 and COVID-19: a systematic review and meta-
analysis. Lancet 2020;395:1973-87. [PubMed: 32497510]

17. Konda A, Prakash A, Moss GA, et al. Aerosol filtration efficiency of common fabrics used in
respiratory cloth masks. ACS Nano 2020;14:6339-47. [PubMed: 32329337]

18. Rettner R Face masks may reduce COVID-19 spread by 85%, WHO-backed
study suggests: Live Science. Available: https://www.livescience.com/face-masks-eye-protection-
covid-19-prevention.html [Accessed 23 Dec 2020].

19. Wei-Haas M, Elliot K. Measure the risk of airborne COVID-19 in your office, classroom,
or bus ride: national geographic. Available: https://www.nationalgeographic.com/science/2020/08/
how-to-measure-risk-airborne-coronavirus-your-office-classroom-bus-ride-cvd/#close [Accessed
23 Dec 2020].

20. Miller SL, Nazaroff WW, Jimenez JL, et al. Transmission of SARS-CoV-2 by inhalation of
respiratory aerosol in the Skagit Valley Chorale superspreading event. Indoor Air 2021;31:314-23.
[PubMed: 32979298]

21. Cheng H-Y, Jian S-W, Liu D-P, et al. Contact tracing assessment of COVID-19 transmission
dynamics in Taiwan and risk at different exposure periods before and after symptom onset. JAMA
Intern Med 2020;180:1156-63. [PubMed: 32356867]

22. Odds of dying: your odds of dying from an accidental opioid overdose continue to be
greater than dying in a motor vehicle crash injury facts: national safety Council. Available:
https://injuryfacts.nsc.org/all-injuries/preventable-death-overview/odds-of-dying/ [Accessed 23
Dec 2020].

23. Buonanno G, Morawska L, Stabile L. Quantitative assessment of the risk of airborne
transmission of SARS-CoV-2 infection: prospective and retrospective applications. Environ Int
2020;145:106112. [PubMed: 32927282]

BM.J Innov. Author manuscript; available in PMC 2021 April 01.


https://www.texmed.org/Template.aspx?id=54216&terms=risk%20chart
https://www.mdcalc.com/covid-gram-critical-illness-risk-score
https://www.mdcalc.com/covid-gram-critical-illness-risk-score
https://infermedica.com/covid19#use-it
https://infermedica.com/covid19#use-it
https://riskcalc.org/COVID19/
https://docs.google.com/spreadsheets/d/16K1OQkLD4BjgBdO8ePj6ytf-RpPMlJ6aXFg3PrIQBbQ/edit
https://docs.google.com/spreadsheets/d/16K1OQkLD4BjgBdO8ePj6ytf-RpPMlJ6aXFg3PrIQBbQ/edit
https://www.descarteslabs.com/resources/covid-19-now
https://www.descarteslabs.com/resources/covid-19-now
https://www.livescience.com/face-masks-eye-protection-covid-19-prevention.html
https://www.livescience.com/face-masks-eye-protection-covid-19-prevention.html
https://www.nationalgeographic.com/science/2020/08/how-to-measure-risk-airborne-coronavirus-your-office-classroom-bus-ride-cvd/#close
https://www.nationalgeographic.com/science/2020/08/how-to-measure-risk-airborne-coronavirus-your-office-classroom-bus-ride-cvd/#close
https://injuryfacts.nsc.org/all-injuries/preventable-death-overview/odds-of-dying/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Goldberg et al.

24.

25.

26.

217.

28.

29.

Page 7

Pew Research Center. Mobile fact sheet, 2019. Available: https://www.pewresearch.org/internet/
fact-sheet/mobile/[Accessed 23 Dec 2020].

McCarthy J One in five U.S. adults use health Apps, wearable Trackers. Available: https://
news.gallup.com/poll/269096/one-five-adults-health-apps-wearable-trackers.aspx [Accessed 23
Dec 2020].

Baker MA, Fiumara K, Rhee C, et al. Low risk of coronavirus disease 2019 (COVID-19) among
patients exposed to infected healthcare workers. Clin Infect Dis 2020;383.

Lindsley WG, Noti JD, Blachere FM, et al. Efficacy of face shields against cough aerosol droplets
from a cough simulator. J Occup Environ Hyg 2014;11:509-18. [PubMed: 24467190]

Pan A, Liu L, Wang C, et al. Association of public health interventions with the epidemiology of
the COVID-19 outbreak in Wuhan, China. JAMA 2020;323:1915-23. [PubMed: 32275295]
Zheng C, Hafezi-Bakhtiari N, Cooper V, et al. Characteristics and transmission dynamics of
COVID-19 in healthcare workers at a London teaching hospital. J Hosp Infect 2020;106:325-9.
[PubMed: 32730771]

BM.J Innov. Author manuscript; available in PMC 2021 April 01.


https://www.pewresearch.org/internet/fact-sheet/mobile/
https://www.pewresearch.org/internet/fact-sheet/mobile/
https://news.gallup.com/poll/269096/one-five-adults-health-apps-wearable-trackers.aspx
https://news.gallup.com/poll/269096/one-five-adults-health-apps-wearable-trackers.aspx

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Goldberg et al.

Page 8

Summary box
What are the new findings?

. A simple web-based mobile application to estimate risk of COVID-19
transmission is feasible and acceptable among the US public.

. Transmission risk can be estimated for app users based on local prevalence
of disease, type of activity and mitigation measures employed, without
collecting personal health information.

How might it impact on healthcare in the future?

. Health apps that are free, publicly available, and incorporate evidence-based
research could reduce COVID-19 fatigue and safety measure compliance by
allowing individuals to make their own risk assessments and enjoy low-risk
activities safely.

. Social media may be a useful tool to obtain early user feedback and promote
health tools during a public health emergency.
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Estimated demographics based on the subset of Google users with demographic data available to Google

Table 1

Analytics (14 October—18 December 2020, total N=410 118)

Characteristic

n (%)

New
Returning
Age (years)
18-24
25-34
35-44
45-54
55-64
64+
Device
Mobile
Desktop
Tablet
Session information
Average duration

Average # sessions/user

346 550 (84.5)
63 568 (15.5)

41 421 (10.1)
118 934 (29.0)
76 282 (18.6)
74231 (18.1)
59 467 (14.5)
39781 (9.7)

289 133 (70.5)
104 990 (25.6)
15994 (3.9)

1:22 min
14
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Selected mitigation measures among the subset of Google users completing mitigation steps (1 October-18

Table 2

December 2020, based on back-end application data, N=170 142)

Mitigation step

n (%)

Social distancing
3ft
6 ft
9 ft
Washing hands
Mask
Homemade
Fit
Loose
Tight
Layers
One
Two
Surgical
N95

Eye protection

169 972 (99.9)
62 102 (36.5)
90 685 (53.3)
17 354 (10.2)
149 725 (88.0)
142 409 (83.7)
68 227 (40.1)

9868 (5.8)
58 359 (34.3)

10 889 (6.4)
57 338 (33.7)
48320 (28.4)
25691 (15.1)
28583 (16.8)

The majority of users exited the application after receiving an initial risk assessment. The selections of the subset of Google users who continued

on to input desired mitigation measures are summarised.
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