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Risk of COVID-19 among front-line health-care workers and
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Summary

Background Data for front-line health-care workers and risk of COVID-19 are limited. We sought to assess risk of
COVID-19 among front-line health-care workers compared with the general community and the effect of personal
protective equipment (PPE) on risk.

Methods We did a prospective, observational cohort study in the UK and the USA of the general community, including
front-line health-care workers, using self-reported data from the COVID Symptom Study smartphone application
(app) from March 24 (UK) and March 29 (USA) to April 23, 2020. Participants were voluntary users of the app and at
first use provided information on demographic factors (including age, sex, race or ethnic background, height and
weight, and occupation) and medical history, and subsequently reported any COVID-19 symptoms. We used Cox
proportional hazards modelling to estimate multivariate-adjusted hazard ratios (HRs) of our primary outcome, which
was a positive COVID-19 test. The COVID Symptom Study app is registered with ClinicalTrials.gov, NCT04331509.

Findings Among 2035 395 community individuals and 99795 front-line health-care workers, we recorded 5545 incident
reports of a positive COVID-19 test over 34435272 person-days. Compared with the general community, front-line
health-care workers were at increased risk for reporting a positive COVID-19 test (adjusted HR 11-61, 95% CI
10-93-12-33). To account for differences in testing frequency between front-line health-care workers and the general
community and possible selection bias, an inverse probability-weighted model was used to adjust for the likelihood of
receiving a COVID-19 test (adjusted HR 3-40, 95% CI 3-37-3-43). Secondary and post-hoc analyses suggested
adequacy of PPE, clinical setting, and ethnic background were also important factors.

Interpretation In the UK and the USA, risk of reporting a positive test for COVID-19 was increased among front-line
health-care workers. Health-care systems should ensure adequate availability of PPE and develop additional strategies
to protect health-care workers from COVID-19, particularly those from Black, Asian, and minority ethnic backgrounds.
Additional follow-up of these observational findings is needed.
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Introduction

Since its emergence, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which causes COVID-19,
has become a global health threat.! As of July 22, 2020,
more than 15 million cases of COVID-19 have been
documented worldwide, with nearly 618000 deaths.” In
the UK and the USA, Black, Asian, and minority ethnic
communities have been disproportionately affected.*
With ongoing community transmission from asymptom-
atic individuals, disease burden is expected to rise. As a
result, there will be an ongoing need for frontline
health-care workers in patient-facing roles. Because this
work requires close personal exposure to patients with
SARS-CoV-2, front-line health-care workers are at high
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risk of infection, contributing to further spread.’ Initial
estimates suggest that frontline health-care workers
could account for 10-20% of all diagnoses,*” with some
early evidence that people from Black, Asian, and minority
ethnic backgrounds are at higher risk.*

Based on experience with other respiratory viruses,
consistent use of personal protective equipment (PPE)
is important to reduce nosocomial transmission.®
Guidelines from the UK and the USA recommend mask
use for health-care workers caring for people with
COVID-19.°® However, global shortages of masks,
respirators, face shields, and gowns, caused by surging
demand and supply chain disruptions, have led to efforts
to conserve PPE through extended use or reuse, and
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Research in context

Evidence before this study

We searched PubMed for articles published between Jan 1 and
June 30, 2020, with the terms “covid-19”, “healthcare workers”,
and “personal protective equipment”. We did not restrict our
search by language or type of publication. The prolonged course
of the COVID-19 pandemic, coupled with sustained challenges
supplying adequate personal protective equipment (PPE) for
front-line health-care workers, have strained global health-care
systems in an unprecedented fashion. Despite growing
awareness of this problem, there are few studies to inform policy
makers on the risk of COVID-19 among health-care workers and
the effect of PPE on disease burden. Previous reports of
infections in health-care workers are based on cross-sectional
data with limited information on individual-level risk factors.
Our PubMed search yielded no population-scale investigations.

Added value of this study

We did a prospective observational study of

2135190 individuals, comprised of front-line health-care
workers and the general community who were voluntary

disinfection protocols have been developed, for which
scientific consensus on best practice is scarce."™

Although addressing the needs of front-line health-care
workers during the COVID-19 pandemic is a high
priority,** data to inform such efforts are scarce, and
particularly so among Black, Asian, and minority ethnic
communities. Thus, we did a prospective population-
based study using data from a smartphone-based appli-
cation (app) to investigate the risk of testing positive for
COVID-19, the risk of developing symptoms associated
with SARS-CoV-2 infection, or both, among individuals
in the UK and the USA.

Methods

Study design and participants

COVID Symptom Study (previously known as COVID
Symptom Tracker) is a free smartphone app developed
by Zoe Global (London, UK) in collaboration with
Massachusetts General Hospital (Boston, MA, USA) and
King’s College London (London, UK). It offers partici-
pants a guided interface to report baseline demographic
information and comorbidities, daily information on
symptoms, and COVID-19 testing. Participants are
encouraged to log daily, even when asymptomatic,
for longitudinal collection of incident symptoms and
COVID-19 testing results. The app was launched in
the UK on March 24, 2020, and the USA on
March 29, 2020.

We did a prospective, observational cohort study using
the COVID Symptom Study app. Participants were
recruited through social media outreach and invitations
from the investigators of long-running cohort studies to
their volunteers (appendix p 3). At enrolment, participants
consented to use of information for research and

users of the COVID Symptom Study smartphone application
(app). From self-reported data obtained via this app,

we found that front-line health-care workers had at least a
threefold increased risk of COVID-19. Compared

with front-line health-care workers who reported adequate
availability of PPE, those with inadequate PPE had an increase
in risk. However, adequate availability of PPE did not seem to
completely reduce risk among health-care workers caring for
patients with COVID-19. We also found that Black, Asian,
and minority ethnic health-care workers might be
disproportionately affected.

Implications of all the available evidence

Front-line health-care workers, particularly those who are from
Black, Asian, and minority ethnic backgrounds, could be at
substantially greater risk of COVID-19. Health-care systems
should ensure adequate availability of PPE and develop additional
strategies to protect health-care workers from COVID-19.

agreed to applicable privacy policies and terms of
use. Our study was approved by the Partners Human
Research Committee (protocol 2020P000909) and King’s
College London ethics committee (REMAS ID 18210,
LRS-19/20-18210).

Procedures
Information obtained through the COVID Symptom
Study app has been described in detail.” Briefly, on first
use, participants were asked to provide demographic
factors and were questioned separately about a series of
COVID-19 risk factors (appendix pp 4-8). At enrolment
and with daily reminders, participants were asked if they
felt physically normal, and if they reported not feeling
well they were asked about their symptoms (appendix
p 11). Participants were also asked if they had been tested
for COVID-19 and the results (none, negative, pending,
or positive). Our primary outcome was a report of a
positive COVID-19 test. Follow-up started when partici-
pants first reported on the COVID Symptom Study app
and continued until a report of a positive COVID-19 test
or the time of last data entry, whichever occurred first.
Participants were also asked if they worked in health
care and, if yes, whether they had direct patient contact.
For our primary analysis, we defined front-line health-
care workers as participants who reported direct patient
contact. Prespecified secondary analyses among front-
line health-care workers investigated PPE availability and
contact with patients with COVID-19, as well as the
primary site of clinical practice. A post-hoc analysis
among front-line health-care workers assessed the effect
of race and ethnicity. Beginning March 29, 2020, in an
updated version of the app used by 84% of participating
health-care workers, we included mandatory questions
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about availability of PPE for participants who identified
as a front-line health-care worker. Among these individ-
uals, we asked whether they cared for patients with
suspected or documented SARS-CoV-2 infection and the
frequency with which they used PPE (always, sometimes,
or never). We asked if they had enough PPE when
needed, if they had to reuse PPE, or if they did not have
enough because of shortages. We classified PPE as
adequate if they never required PPE or if they reported
always having the PPE they needed. We classified PPE as
inadequate if they reported they did not have enough
PPE or if it was not available. We also asked health-care
workers to report the site of their patient care (inpatient,
nursing home, outpatient, home health, ambulatory
clinic, or other).

Statistical analysis

We used standard calculations to determine the
minimum detectable hazard ratio (HR) for our primary
categorical exposure (health-care worker status) and risk
of reporting a positive COVID-19 test with 80% power."*

We used Cox proportional hazards modelling stratified
by age, date, and country to estimate multivariable-
adjusted HRs and 95% ClIs. Covariates were selected a
priori based on putative risk factors, including sex
(male or female), race or ethnic origin (non-Hispanic
white, Hispanic or Latinx, Black, Asian, or more than one
or other), history of diabetes (yes or no), heart disease
(ves or no), lung disease (yes or no), kidney disease
(ves or no), current smoking status (yes or no), and body-
mass index (17-0-19-9 kg/m2, 20.0-24-9 kg/m2,
25-0-29-9 kg/m2, and =30-0 kg/m?2). Data imputation
replaced no more than 5% of missing values for a given
metadatum, with numerical values replaced with the
median and categorical variables imputed using the
mode.

Because our primary outcome (positive COVID-19 test)
required a participant to receive a test, we did several
prespecified secondary analyses. First, we tested a
symptom-based classifier predictive of positive COVID-19
testing.” Briefly, using logistic regression and symptoms
preceding testing, we have previously described that loss
of smell or taste, fatigue, persistent cough, and loss
of appetite predicted COVID-19 positivity with high
specificity (appendix p 2). Second, to account for country-
specific predictors of obtaining testing, we did separate
inverse probability weighting in the UK and the USA as a
function of demographic and clinical factors, followed by
inverse probability-weighted Cox proportional hazards
modelling stratified by age and date with additional
adjustment for the covariates used in previous models
(appendix p 2). To assess factors associated with PPE
adequacy, work in especially high-risk clinical settings, or
greater exposure to patients with COVID-19 (including
a post-hoc analysis of race and ethnicity), we used
multivariable logistic regression models to estimate
adjusted odds ratios (ORs) and 95% ClIs. Two-sided
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p values less than 0-05 were considered statistically
significant. All analyses were done using R version 3.6.1.

The COVID Symptom Study app is registered with
ClinicalTrials.gov, NCT04331509.

Role of the funding source

Zoe Global developed the app for data collection. The
funders had no role in study design, data analysis, data
interpretation, or writing of the report. LHN, DAD,
MSG, SO, CJS, and ATC had access to raw data. The
corresponding author had full access to all data in the
study and had final responsibility for the decision to
submit for publication.

Results

Between March 24 and April 23, 2020, we enrolled
2810103 consecutive users of the COVID Symptom
Study app to our study. 2627695 participants in the UK
and 182408 in the USA provided baseline information
about feeling physically normal or having symptoms
(appendix p 14). 134885 (4-8%) participants reported
being a front-line health-care worker. The prevalence of
COVID-19 was 2747 cases per 100000 front-line health-
care workers compared with 242 cases per 100000 people
in the general community (figure). The highest infection
rates were reported in the US states New York, New
Jersey, and Louisiana and in areas around London and
the Midlands in the UK.

After excluding 670298 participants with less than 24 h
of follow-up and 4615 individuals who reported a positive
COVID-19 test at baseline, we included 2135190 partici-
pants in our prospective inception cohort, of whom 99795
(4-7%) identified as front-line health-care workers
(appendix p 14). Based on this cohort, we had 80% power
to detect a minimum HR of 1-16 for risk of reporting a
positive COVID-19 test between health-care workers and
the general community. In this cohort, we recorded
24-4 million entries, or 11-5 logs per participant, with
median follow-up of 18-9 days (IQR 5-1-26-1). Median
age was 44 years (IQR 32-57). Compared with the general
community, frontline health-care workers were more
frequently female, had a slightly higher prevalence of
body-mass index 30-0 kg/m2 or higher, were slightly
more likely to smoke (particularly in the UK), and were
more likely to use non-steroidal anti-inflammatory drugs
(table 1; appendix pp 9-10). At baseline, 20-2% of front-
line health-care workers reported at least one symptom
associated with SARS-CoV-2 infection compared with
14-4% of the general population; fatigue, loss of smell or
taste, and hoarse voice were especially frequent (appendix
p 11). When comparing health-care workers who were
asked about PPE use with those who were not asked, no
difference was noted in baseline factors including age
(median 45 years vs 40 years), female sex (81% vs 82%), or
body-mass index (median 25-9 kg/m2 vs 25-7 kg/m2).

We recorded 5545 incident reports of positive COVID-19
testing over 34435272 person-days. In the UK, 1-1% of

For more on R see
https://r-project.org
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Total

UK
(n=2627695)

USA
(n=182408)

B

A Number with positive COVID-19 test per 100000 app users

| 2747

| 2905

1836

[ <1000
[ >1000
I >2000
I >3000
I >5000

Py
Cases per 100000
health-care workers

[ Health-care workers
[ General community

Figure: Risk of testing positive for COVID-19 among front-line health-care workers

(A) Between March 24 and April 23, 2020, considerable disparities were noted in prevalence of a positive
COVID-19 test among front-line health-care workers compared with the general community, in both the UK
and the USA. (B) Prevalence of a positive COVID-19 test reported by front-line health-care workers in the UK and
the USA. Regions in grey did not have sufficient data for analysis. app=COVID-19 Symptom Study smartphone

application.
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Front-line General
health-care community
workers (n=2035395)
(n=99795)
Country
UK 85-4% 93:9%
USA 14-6% 6-1%
Age, years 42(33-53) 44 (33-56)
<25 4:5% 47%
25-34 24-7% 19-2%
35-44 251% 21-5%
45-54 23-6% 19-5%
55-64 17:5% 162%
=65 3:9% 13-1%
Missing data for age 11% 57%
Sex
Male 17-0% 37:0%
Female 83.0% 63:0%
Race or ethnic origin*®
Non-Hispanic white 882% 92:5%
Hispanic or Latinx 1.1% 0-5%
Black 12% 0-6%
Asian 4-4% 2:2%
More than one or other 2:4% 2:9%
Missing data for race or 27% 13%

ethnic origin, or prefer not
to say

(Table 1 continues in next column)

Front-line General
health-care community
workers (n=2035395)
(n=99795)

(Continued from previous column)

Body-mass index (kg/m?) 25.8(22:8-302)  253(22-5-29-1)

17-0-19:9 5-8% 8:3%
20-0-24-9 381% 39-2%
25-0-29-9 30-1% 31-5%
>30-0 25-9% 21-1%
Missing data for body-mass 0-5% 0-5%
index
Comorbidities
Diabetes 2:5% 31%
Heart disease 1.6% 2:4%
Lung disease 13-1% 12:2%
Kidney disease 0-6% 0-7%
Cancer 0-5% 13%
Missing data for cancer 0-3% 0-3%
Pregnant (% of females) 0-9% 1.0%
Medication use
Non-steroidal 8:2% 6-1%
anti-inflammatory drugs
Immunosuppressants 2:5% 32%
Chemotherapy or 0-1% 0-3%
immunotherapy
Angiotensin-converting 5-0% 4-9%
enzyme inhibitor
Missing data for 10-1% 4-3%
angiotensin-converting
enzyme inhibitor
Current smoking
Yes 10-2% 8:5%
Missing data for smoking 0-2% 0-1%

status

Data are % or median (IQR). % are calculated based on the total number of
participants with available data. Polytomous variables might not add up to 1000%
because of rounding. Questions about history of cancer, angiotensin-converting
enzyme inhibitor use, and smoking status have been asked since launch in the USA
and March 29, 2020, in the UK; questions about race and ethnic origin were asked
since April 17, 2020, in both the UK and the USA. Percentages within each category
are based on the total population responding when the question was first asked.
*Non-Hispanic white defined as UK White, US White, and no designation of other
race or ethnic origin. Hispanic or Latinx designated as Hispanic and Latino. Black
defined as UK Black, Black British, US Black, and African American. White defined as
UK White and US White. Asian defined as UK Asian, Asian British, UK Chinese, Chinese
British, US Asian, and US Native Hawaiian or other Pacific Islander. More than one or
other defined as UK mixed race White and Black or Black British UK, mixed race other,
UK Middle Eastern or Middle Eastern British, US American Indian or Alaska Native,
other, and denoted more than one race.

Table 1: Baseline characteristics of front-line health-care workers
compared with the general community

health-care workers reported being tested compared with
0-2% of the general community (health-care workers to
community testing ratio 5-5), whereas 4-1% of US health-
care workers were tested versus 1.-1% of the general
community (testing ratio 3-7). Compared with the general
community, front-line health-care workers had a twelve-
fold increase in risk of a positive test after multivariable
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Event/person-days Incidence

Age-adjusted Multivariate- Inverse probability-

Front-line health-care worker 1922/1454701 3-96%
According to race or ethnic origin (post-hoc analysis)
1498/23 941092 0-19%

227/1362956 0-50%

Non-Hispanic white, general community

Black, Asian, and minority ethnic, general
community

Non-Hispanic white, front-line 726/935860 2:33%

health-care worker
Black, Asian, and minority ethnic, 98/72556 4-05%
front-line health-care worker

identify as non-Hispanic white.

(30-day) hazard ratio (95% Cl) adjusted hazard ratio weighted hazard
(95% CI) ratio (95% Cl)
Overall (primary analysis)
General community 3623/32980571  0-33% 1 (ref) 1 (ref) 1 (ref)

All models were stratified by 5-year age group, calendar date at study entry, and country. Multivariate risk factor models were adjusted for sex (male or female), history of
diabetes (yes or no), heart disease (yes or no), lung disease (yes or no), kidney disease (yes or no), current smoking (yes or no), and body-mass index (17-0-19-9 kg/m?,
20-0-24-9 kg/m?, 25:0-29-9 kg/m?, and =30 kg/m?). Black, Asian, and minority ethnic was defined among individuals who had race or ethnicity information and did not

11-68 (10-99-12.40)  11.61(10-93-1233)  3-40 (3:37-3-43)

1 (ref) 1 (ref) 1 (ref)
249 (2:16-2-86) 2.51(2-18-2-89) 174 (1-71-1.77)
1247 (11:33-1372)

12-58 (11-42-13-86) 3:52 (3-48-3-56)

2168 (17-61-26-68)  21.88(17.78-26.94)  4-88 (4-76-5:01)

Table 2: Risk of reporting a positive test for COVID-19 among front-line health-care workers compared with the general community

adjustment (adjusted HR 11-61, 95% CI 10-93-12-33;
table 2; appendix p 15). The association seemed stronger
in the UK (adjusted HR 12.52, 95% CI 11.7/-13-31)
compared with the USA (2-80, 2:09-375; Pyierence<0 - 0001;
appendix p 12).

We considered the possibility that noted differences
could be related to testing eligibility. A multivariable-
adjusted Cox proportional hazards model with inverse
probability weighting for predictors of testing also
showed a higher risk of infection among front-line
health-care workers (adjusted HR 3-40, 95% CI
3-37-3.43; table 2), which was higher in the UK
(3-43, 3-18-3-69) than in the USA (1-97, 1-36-2-85;
Paerene<0-0001; appendix p 12). In a prespecified
secondary analysis, a validated model was used based on
a combination of symptoms predictive of COVID-19
infection. Compared with the general community,
health-care workers initially free of symptoms had an
increased risk of predicted COVID-19 (adjusted HR 2-05,
95% CI 1-99-2-10), which was higher in the UK
(2-09, 2-02-2-15) than in the USA (1-31, 1-14-1-51;
Paiffeence<0  0001).

In a post-hoc analysis, compared with individuals in
the general community from a non-Hispanic white
ethnic background, the risk for a positive COVID-19 test
was increased for individuals from Black, Asian, and
minority ethnic backgrounds in the general community
(adjusted HR 2-51, 95% CI 2-18-2-89), for Black,
Asian, and minority ethnic health-care workers (21-88,
17-78-26-94), and for non-Hispanic white health-care
workers (12-58, 11-42-13-86; table 2). In post-hoc
analyses, the association of race and health-care worker
status with risk of COVID-19 was assessed. Black, Asian,
and minority ethnic health-care workers had an increased
risk of COVID-19 (adjusted HR 1-81, 95% CI 1-45-2-24)
compared with non-Hispanic white health-care workers.
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Unadjusted hazard ratio (95% Cl) 2.40 (1.91-3-02)

Multivariate-adjusted hazard ratio 2:39 (1-90-3-00)

(95% Cly
Exposure to patients with documented COVID-19
280/50571
4-93 (4-07-5:97)
4-83(3-99-5-85)

Event/person-days 91/23751
Unadjusted hazard ratio (95% Cl)

Multivariate-adjusted hazard ratio
(95% Cl)

323(224-4-66)
3-20 (2:22-4-61)

512 (3:94-6-64)
5.06 (3:90-6-57)

Adequate PPE Reused PPE Inadequate PPE
Overall
Event/person-days 592/332901 146/80728 157/60916
Unadjusted hazard ratio (95% Cl) 1 (ref) 1-46 (1-21-1.76) 1-32 (1-10-157)
Multivariate-adjusted hazard ratio 1 (ref) 1-46 (1-21-1.76) 1-31(1-10-1-56)
(95% Cly
No exposure to patients with COVID-19
Event/person-days 186/227 654 19/37599 48/35159
Unadjusted hazard ratio (95% Cl) 1 (ref) 0-96 (0-60-1-55) 1.53(1-11-2:11)
Multivariate-adjusted hazard ratio 1 (ref) 0-95 (0-59-1-54) 1.52 (1-10-2-09)
(95% Cl)
Exposure to patients with suspected COVID-19
Event/person-days 126/54676 36/19378 26/14083

1.87 (1-24-2-83)
1.83 (1-21-2:78)

83/11675
5-95 (4-57-7-76)
5-91(4-53-7-71)

All models were stratified by 5-year age group, calendar date at study entry, and country. Multivariate risk factor
models were adjusted for sex (male or female), history of diabetes (yes or no), heart disease (yes or no), lung disease
(yes or no), kidney disease (yes or no), current smoking (yes or no), and body-mass index (17:0-19-9 kg/m?,
20-0-24-9 kg/m?, 25-0-29-9 kg/m?, and >30-0 kg/m?). PPE=personal protective equipment.

Table 3: Risk of reporting a positive test for COVID-19, according to availability of PPE and exposure to
patients with COVID-19 among front-line health-care workers (prespecified secondary analysis)

Risk estimates were similar among male (adjusted
HR 14-02, 95% CI 12-38-15-82) compared with female
(11-27,10-53-12-14) front-line health-care workers.
Among front-line health-care workers, availability and
use of PPE, COVID-19 patient exposures, and subsequent
risk for testing positive were assessed in prespecified
analyses. Compared with health-care workers who
reported adequate PPE, front-line health-care workers
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reporting PPE reuse had an increased risk of a positive
COVID-19 test (adjusted HR 1-46, 95% CI 1-21-1-76),
with inadequate PPE associated with a comparable
increase in risk after multivariable adjustment (1-31,
1-10-1-56; table 3).

In a prespecified secondary analysis, front-line health-
care workers with inadequate PPE caring for patients
with documented COVID-19 had an increased risk for
COVID-19 after multivariable adjustment (adjusted
HR 5-91, 95% CI 4-53-7-71) compared with those with
adequate PPE not caring for patients with suspected or
documented COVID-19 (table 3). Risk for front-line
health-care workers reusing PPE and exposed to patients
with documented COVID-19 was also increased (adjusted
HR 5-06, 95% CI 3-90-6-57). Notably, even among

Health-care workers
reporting reuse of or

Multivariate-adjusted odds
ratio (95% Cl)

inadequate PPE
Overall
Non-Hispanic white, front-line health-care 277% 1 (ref)
worker
Black, Asian, and minority ethnic, front-line 36-7% 149 (1-36-1-63)
health-care worker
According to racial or ethnic subgroup*
Non-Hispanic white' 277% 1 (ref)
Hispanic or Latinx 49-6% 2:64 (2:03-3-45)
Black 335% 130 (1-:02-1-65)
Asian 35-6% 142 (124-1-63)
More than one race or other race 347% 133 (1-12-1-57)

Multivariate risk factor models were adjusted for 5-year age group, sex, and exposure to patients with COVID-19

(none, suspected, and documented). Black, Asian, and minority ethnic was defined among individuals who had race or
ethnicity information and did not identify as non-Hispanic white. PPE=personal protective equipment. *Non-Hispanic
white defined as UK White, US White, and no designation of other race or ethnic origin. Hispanic or Latinx designated as
Hispanic and Latino. Black defined as UK Black, Black British, US Black, and African American. White defined as UK White
and US White. Asian defined as UK Asian, Asian British, UK Chinese, Chinese British, US Asian, and US Native Hawaiian or
other Pacific Islander. More than one or other defined as UK mixed race White and Black or Black British UK, mixed race
other, UK Middle Eastern or Middle Eastern British, US American Indian or Alaska Native, other, and denoted more than

one race.

Table 4: Risk of reporting PPE inadequacy or reuse among front-line health-care workers, according to
race or ethnic origin (post-hoc analysis)
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front-line health-care workers reporting adequate PPE,
the risk for COVID-19 was increased for those caring for
patients with suspected COVID-19 (adjusted HR 2-39,
95% CI 1-90-3-00) and for those caring for patients with
documented COVID-19 (4-83, 3-99-5-85), compared
with health-care workers who did not care for either
group (table 3).

In a post-hoc analysis, differences were noted in PPE
adequacy according to race and ethnicity, with non-white
health-care workers more frequently reporting reuse of
or inadequate access to PPE, even after adjusting for
exposure to patients with COVID-19 (adjusted OR 1-49,
95% CI 1-36-1-63; table 4).

In a prespecified secondary analysis, risk of COVID-19
by practice location was assessed. Compared with risk
for the general community, risk for front-line health-care
workers was increased in all health-care settings, but
was highest for those working in inpatient settings
(adjusted HR 24-30, 95% CI 21-83-27-06) and nursing
homes (16-24, 13-39-19-70; table 5). Notably, health-care
workers in nursing homes most frequently (16-9%)
reported inadequate PPE, whereas inpatient providers
reported reuse of PPE most often (23-7%; table 5). In a
post-hoc analysis, compared with non-Hispanic white
health-care workers, Black, Asian, and minority ethnic
health-care workers were more likely to work in higher
risk clinical settings, including inpatient hospital or
nursing homes (adjusted OR 1-13, 95% CI 1-03-1-23)
and to care for patients with suspected or documented
COVID-19 (1-20, 1-09-1-30). These noted differences
were most pronounced among Black health-care workers
(appendix p 13).

Discussion

Among 2135190 people in the UK and USA using the
COVID-19 Symptom Study app between March 24 and
April 23, 2020, we noted that front-line health-care workers
had at least a threefold increased risk of reporting a
positive COVID-19 test and predicted COVID-19 infection,
compared with the general community, even after

Event/ Incidence Age-adjusted hazard Multivariate-adjusted Health-care Health-care
person-days (30-day) ratio (95% Cl) hazard ratio (95% Cl)  workers reporting workers reporting
reuse of PPE inadequate PPE
General community 3623/32980571  0:33% 1 (ref) 1 (ref)
Front-line health-care worker
Inpatient 564/184293 918% 23.58 (21.20-26-25)  24-30 (21-83-27-06) 23:7% 11.9%
Nursing homes 118/52901 6-69% 16-48 (13-60-19-97)  16-24 (13-39-19-70) 15-4% 16-9%
Outpatient hospital clinics 51/45217 338% 10-75 (8-10-14-27) 11.21 (8-44-14-89) 16-3% 12:2%
Home health sites 36/38 642 2-79% 779 (5-58-10-87) 7-86 (5-63-10-98) 14-7% 15-9%
Ambulatory clinics 44/66 408 1.99% 6-64 (4-90-9-01) 6-94 (5-12-9-41) 19-:3% 11-8%
Other 73164310 341% 9-42 (7-42-11.96) 9-52 (7-49-12-08) 12:0% 13-8%
Model was stratified by 5-year age group, calendar date at study entry, and country and adjusted for sex (male or female), history of diabetes (yes or no), heart disease
(yes or no), lung disease (yes or no), kidney disease (yes or no), current smoking (yes or no), and body-mass index (17-0-19-9 kg/m?, 20-0-24-9 kg/m?, 25-0-29-9 kg/m’,
and =30-0 kg/m?). Ambulatory clinics include free-standing (non-hospital) primary care or specialty clinics and school-based clinics. PPE=personal protective equipment.
Table 5: Front-line health-care workers and risk of testing positive for COVID-19, by site of care delivery (prespecified secondary analysis)
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accounting for other risk factors. Post-hoc analyses
showed that Black, Asian, and minority ethnic health-care
workers are at especially high risk of SARS-CoV-2
infection, with at least a fivefold increased risk of
COVID-19 compared with the non-Hispanic white general
community. Among front-line health-care workers, reuse
of PPE or inadequate PPE were each associated with a
subsequent increased risk of COVID-19. Although health-
care workers caring for patients with COVID-19 who
reported inadequate PPE had the highest risk of SARS-
CoV-2 infection, increased susceptibility to infection was
evident even among those reporting adequate PPE. Front-
line health-care workers who worked in inpatient settings
(where providers most frequently reported PPE reuse) and
nursing homes (where providers most frequently reported
inadequate PPE) had the greatest risk. Non-white health-
care workers were disproportionately affected by scant
PPE adequacy and more likely to work in clinical settings
with greater exposure to patients with COVID-19.

Our findings could help provide greater context for
previous cross-sectional reports from public health
authorities suggesting 10-20% of SARS-CoV-2 infections
occur among health-care workers.”” Our results offer
individual-level data additionally accounting for workplace
risk factors that complement these limited reports by
providing a more precise assessment of the magnitude of
increased risk among health-care workers during the
initial phases of the COVID-19 pandemic. Taken in
the context of the requirement for testing to establish a
COVID-19 diagnosis, our range of results based on either
reporting a positive test for COVID-19 or symptoms
predictive of COVID-19 offer several complementary
estimates for risk among front-line health-care workers.

We also provide evidence that sufficient availability of
PPE, quality of PPE, or both reduce the risk of COVID-19,
but reuse of PPE or inadequate PPE might confer
comparably increased risk, which is compatible with
findings from one of the first studies to specifically
investigate PPE reuse.” The greater risk associated with
PPE reuse could be related to either self-contamination
during repeated application and removal of PPE or
breakdown of materials from extended wear. Of note,
during the period of this study, disinfection protocols
before PPE reuse were not widely available."™ Thus,
results should be not extended to reflect risk of PPE
reuse after such disinfection, which has now been
implemented in various settings. An assessment of the
PPE supply chain and equitable access to PPE should be
a part of the deliberate and informed decision making
about resource allocation.

However, even with adequate PPE, health-care workers
who cared for patients with COVID-19 remained at
increased risk, highlighting the importance of not only
ensuring PPE quality and availability but also other
aspects of appropriate use, including correct application
and removal of PPE and clinical situation (practice
location). Moreover, these data underscore the possibility

www.thelancet.com/public-health Vol 5 September 2020

for health-care workers to perpetuate infections or con-
tribute to community spread, particularly when asymp-
tomatic or mildly symptomatic, and justify calls to
increase testing to reduce hospital-based transmission.’

Notably, we recorded a significant difference in risk for
health-care workers in the UK compared with the USA.
This discrepancy could be attributable to country-specific
or region-specific variation in population density, socio-
economic deprivation, overall availability or quality of
PPE, and type of health-care settings, and these findings
require further investigation. Our results might also
reflect differences in access to testing among health-care
workers compared with the general community in the UK
compared with the USA. However, in secondary analyses
using inverse probability-weighted Cox modelling
adjusting for the probability of receiving a test, we also
found that health-care workers in the UK were at higher
risk of reporting a positive test. Furthermore, health-care
workers were at greater risk of developing symptoms
predictive of eventual COVID-19, which does not reflect
access to testing. Thus, the higher risk noted in the UK
could reflect a higher infection rate because of differences
in the quality and appropriate use of PPE across practice
settings® or country-specific differences in PPE recom-
mendations for health-care workers or the general public
(eg, cloth face coverings).®” Ideally, we would assess
risk within a population that has undergone uniform
screening. However, the current shortage of PCR-based
testing kits does not make such an approach feasible but
could justify targeted screening of front-line health-care
workers.*” Future studies using serological testing to
ascertain SARS-CoV-2 infection will require assessments
of test performance and the ability to distinguish recent or
active infection from past exposure.

Our results are supported by historical data during
similar infectious disease outbreaks. Ebola virus has a
basic reproduction number (ie, the number of new cases
generated from one individual) comparable with that for
SARS-CoV-2. During the Ebola virus disease crisis,
health-care workers comprised 3-9% of all cases,
21-32-times greater than the general public.” During the
severe acute respiratory syndrome epidemic, health-care
workers comprised 20—40% of cases,*” and inadequate
PPE was associated with increased risk.” The experience
with influenza A virus subtype HIN1 reaffirmed the
importance of PPE,” with much higher infection rates
among health-care workers in dedicated containment
units.”

Our study has several strengths. First, we used a
smartphone app to rapidly obtain prospective data from a
large multinational cohort in real time, offering actionable
risk estimates to inform the public health response to an
ongoing pandemic.” By recruiting participants through
existing cohorts,”* our results provide proof of concept of
the feasibility of leveraging existing infrastructure and
engaged participants to address a key knowledge gap.
Second, we obtained information from participants who
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did not have a positive COVID-19 test, which offered an
opportunity to prospectively assess risk factors with
minimal recall bias. Third, our study design recorded
initial onset of symptoms, which minimises biases related
to capturing only severe cases through hospitalisation
records or death reports. Finally, we gathered information
on a wide range of known or suspected risk factors for
COVID-19 generally not available in existing registries or
population-scale surveillance efforts.

We acknowledge several limitations. First, details for
some exposures were shortened to ensure our survey was
brief. For example, we did not ask about specific
occupations, experience level, type of PPE used (eg, masks,
respirators, or powered air-purifying respirators), receipt of
PPE training (eg, mask fit-testing or application and
removal of PPE), and frequency of exposure to patients
with SARS-CoV-2 infection or aerosolising procedures. We
are pursuing additional questionnaires to more deeply
investigate these topics in a subset of participants. Second,
our findings are based on self-report. However, alternative
exposure measures, such as PPE supply, or assessment of
additional outcomes would have been difficult to obtain
within the context of a fast-moving pandemic. In future
studies, linkage to other sources (eg, electronic health
records) might be possible. Third, our cohort is not a
random sampling of the population. Although this
limitation is inherent to any study requiring voluntary
provision of information, we acknowledge that data
collection through smartphone adoption has comparatively
lower penetrance among some socioeconomic groups and
adults older than age 65 years, despite smartphone use by
81% of US adults.” This limitation could have resulted in
selection bias, although our primary conclusions were
robust to several sensitivity and secondary analyses. In
future studies, we plan greater targeted outreach of under-
represented populations. Our primary outcome was based
on the report of a positive COVID-19 test. During the study
period, this outcome would generally reflect a positive
PCR-based swab, which should be moderately specific,
compared with antibody testing, which was not widely
available. However, any misclassification of positive testing
should be non-differential according to occupation.

In conclusion, we reported increased risk for
SARS-CoV-2 infection among frontline health-care
workers compared with the general community, using
either self-reported data on COVID-19 testing positivity
or a symptom-based predictor of positive infection status.
This risk was especially high among Black, Asian, and
minority ethnic health-care workers and individuals in
direct contact with patients with COVID-19 who reported
inadequate PPE availability or were required to reuse
PPE. Ensuring the adequate allocation of PPE is im-
portant to alleviate structural inequities in COVID-19
risk. However, because infection risk was increased even
with adequate PPE, our results suggest the need to
ensure proper use of PPE and adherence to other
infection control measures. Further intervention studies

investigating modifiable risk factors for health-care
worker-related SARS-CoV-2 infection, ideally accounting
for differential exposure according to race and ethnic
background and care location, are urgently needed to
support our observational findings.
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