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ABSTRACT
Background Despite the widespread implementation
of personal protective equipment (PPE) in the COVID-19
pandemic, there are surprisingly few studies of its impact. To
assess the risk, severity and duration of COVID-19 in relation
to access to PPE in at-risk healthcare workers (HCWs).
Methods From 17 July to 25 September 2020, at-risk
physicians and nurses registered as a provider in the Survey
Healthcare Globus network in six countries (the UK, Germany,
France, Italy, Spain and USA) were identified based on adult
medical specialties with frequent and close contact with
patients with COVID-19. Exposed HCWs completed a detailed
questionnaire including demographics, medical, social and
lifestyle factors. COVID-19 cases were defined as COVID-19
symptoms (fever, cough, fatigue, loss of taste or smell) and
asymptomatic COVID-19 test positive cases.
Results Among 2884 exposed HCWs (94% medical
doctors and 6% nurses or physician assistants), there were
514 reports of COVID-19 illness and 54 asymptomatic
COVID-19 test positive cases. COVID-19 risk was significantly
associated with close contact with COVID-19 cases both
inside and outside the workplace, number of work shifts and
hours worked per week. Limited access to PPE compared
with access to a fresh mask, gown and gloves and face
shield with each patient encounter was associated with a
2.2-fold to 22-fold increased risk of reporting COVID-19
symptoms (p<0.0001), a pattern consistent across all six
countries. Further, limited access to PPE was associated with
symptom duration greater than 2 weeks and the presence of
moderate to severe symptoms such as difficulty breathing,
abnormal chest X-ray, low oxygen saturations, respiratory
distress and acute lung injury.
Conclusion In six countries, less access to PPE was strongly
associated with both increased risk of reporting COVID-19
illness as well as more prolonged and severe disease course
in frontline HCWs.

INTRODUCTION
Healthcare workers (HCWs) have been
disproportionally affected by the COVID-19
pandemic, caused by the novel coronavirus,

Key questions
What is already known?
►► Healthcare workers (HCWs) have been dispropor-

tionally affected by the COVID-19 pandemic, caused
by the novel coronavirus, SARS-CoV-2.
►► Despite the widespread implementation of personal protective equipment (PPE) in the COVID-19
pandemic, there are surprisingly few studies of its
impact.
►► More evidence is needed to understand the effect of
PPE on COVID-19 disease transmission and disease
course.

What are the new findings?
►► Limited access to PPE compared with access to a

fresh mask, gown and gloves and face shield with
each patient encounter was associated with a significantly increased risk of reporting COVID-19
symptoms in the UK, Germany, France, Italy, Spain
and USA.
►► Limited access to PPE was associated with increased severity of the disease and the presence
of moderate to severe symptoms such as difficulty
breathing, abnormal chest X-ray, low oxygen saturations, respiratory distress and acute lung injury.

What do the new findings imply?
►► Our findings highlight the need for excellent access

to PPE in frontline HCWs.
►► Greater access to PPE was associated with shorter

and less severe illness, supporting the idea that even
when PPE fails, it may reduce the dose of virus taken in by the mask-wearer and offer protection from
severe illness.

SARS-CoV-2.1 Given their high frequency of
exposure, HCWs who treat adult patients
with COVID-19 illness in emergency rooms
and hospitals may be particularly susceptible to contracting the infection.2 Despite
the widespread implementation of personal
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Access to personal protective equipment
in exposed healthcare workers and
COVID-19 illness, severity, symptoms
and duration: a population-based case-
control study in six countries
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METHODS
Study design, setting and population
The study design is a population-
based case-
control
study. From the SHG network of 1.5 million physicians
and HCWs in the USA or European Union registered as
a provider for the purposes of participating in market
research studies, we identified at risk physicians and
nurses based on medical specialties known to have a high
contact frequency with COVID-19 patients (emergency
medicine, critical care, subspecialties of internal medicine). Recruitment goals for each country were predetermined, based on the network of SHG, with larger relative
size in the USA versus European Union. We used a case-
control design because we expected COVID-19 cases to
be rarer than controls. COVID-19 was emerging during
the study design phase (April 2020); thus, the prevalence of COVID-19 was much lower than at the time of
publication (1.8 million cumulative cases in April vs 82
million cumulative cases in December 2020 globally).9
We defined cases and controls as participants were being
enrolled into the study and found much slower enrolment of cases compared with controls, consistent with
our expectation. To ensure comparability between cases
and controls, we limited this study to inpatient settings
and specific medical specialties who would have been
expected to have high frequency of exposure to patients
with COVID-19.
The study was open from 17 July 2020 through 25
September 2020. Before completing a questionnaire,
participants were screened for self-reported SARS-CoV-2
exposure, specialty, practice setting, COVID-19 symptoms
and COVID-19 PCR or antibody results. Participants were
unable to enter the questionnaire if they had infrequent
exposure (<5% of time) to patients with COVID-19 unless
they also had COVID-19 illness or positive test results
implying significant exposure, or if they were not from
predetermined high-risk fields or practice settings. We
selected 5% of time because the prevalence of patients
with COVID-19 was low during the study design phase,
and to screen for HCWs who have had contact with
patients with COVID-19. As a quality control measure,
participants were unable to enter the questionnaire if
inconsistencies were detected between symptom severity
and description. For instance, responses were considered
inconsistent if participants rated their symptom severity
as ‘severe’ (respiratory distress (respiratory rate ≥30
times/min), low oxygen saturation (SpO2) <93% at rest)
or acute lung injury (partial pressure of oxygen (PaO2)/
(fraction of inspired oxygen) FiO2 ≤300 mm Hg)), but
participants did not select any of these specific symptoms to describe their experience with COVID-19. Seven
thousand three hundred forty-
four participants were
prescreened to enter the study and 4460 were not eligible
and were terminated before the questionnaire was administered. Two thousand four hundred and eighty-two did
not have close contact or proximity with patients with
COVID-19 at work (or not sure), 631 were physicians in
fields other than those predetermined as high risk, 559
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protective equipment (PPE) during the COVID-19
pandemic, there are surprisingly few studies of its
impact.1 3
To date, only a few observational studies in HCWs and
non-HCWs and one randomised controlled trial in non-
HCWs have been published on the effectiveness of PPE
and COVID-19 infection. A meta-analysis on face mask
use, eye protection and viral infections found that face
masks were associated with an 82% lower risk and eye
protection was associated with a 75% lower risk of SARS,
Middle East respiratory syndrome, and COVID-19
collectively. However, the meta-analysis included only
three studies of COVID-19 and facemasks, two of which
were small with 10 events or fewer, and no studies were
included for COVID-19 and eye protection.4 In a large
US academic medical centre, requiring mask wearing
for all employees and patients resulted in a significant
decrease in transmission between patients and HCWs
and among HCWs.5 Other centres have not been as
fortunate to have sufficient PPE with HCWs resorting
to reusing single use PPE or developing makeshift alternatives.6 Meta-analyses of the prevention of infectious
diseases with PPE have suggested its benefit but called
for more work in the field.7 Since publication of these
studies, one randomised controlled trial in Denmark
examined whether a recommendation to wear a mask
reduced incident SAR-
CoV-2 infection among mask
wearers in the general community.8 This trial found
that the incidence of SAR-CoV-2 infection did not differ
for participants who were recommended to wear masks
compared with those who were not. However, recommendations to wear masks does not necessarily indicate
that participants actually wore masks and behaviours
may have differed among mask wearers vs non-mask
wearers. Given the limited evidence base, more studies
are needed to understand the effect of PPE on COVID-19
disease transmission and disease course.
The objectives of this study were to investigate the associations between workplace risk factors, particularly access
to PPE and the risk, severity and duration of COVID-19
among at-risk physicians and nurses from six countries
(the UK, Germany, France, Italy, Spain and USA). We
leveraged the network of a global healthcare survey firm
(Survey Healthcare Globus (SHG)) to access physicians
and nurses throughout the UK and Europe in order to
gather information about their personal experiences in
the COVID-19 pandemic. Historically, large physician
panels have been established to aid in healthcare market
research. These panels enable market research agencies
and consultancies to carry out research on behalf of pharmaceutical and medical device companies so that they
may make more informed decisions. In this case, instead
of giving their insights to companies to help them make
health outcomes decisions, physicians consented to share
their own data—demographics, medical, social and lifestyle factors—in order to aid an academic research study
of COVID-19.
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Patient and public involvement
Due to the rapid spread of COVID-19 and the need to
disseminate the results of the study as quickly as possible,
patients were not involved in the recruitment, design,
conduct or interpretation of the study or development of
research questions or outcomes measures.
Ascertainment of COVID-19 cases and controls
HCWs were considered to be COVID-19 cases based on
their report of COVID-19 diagnosis and symptoms with
an affirmative response to the following question: ‘Since
exposure, have you personally experienced symptoms
consistent with a diagnosis of COVID-19 (fever, coughing,
fatigue, loss of taste or smell)?’ Symptoms and symptom
severity were recorded in subsequent questions. HCWs
were considered to be COVID-19 controls if they if they
did not experience symptoms consistent with a diagnosis
of COVID-19 (were asymptomatic) and did not report a
positive SARS-CoV2 PCR or antibody test. We used both
symptoms and positive SARS-CoV2 PCR or antibody test
to define cases because many HCWs in Europe would not
have had timely access to testing in the earlier phase of
the pandemic. Further, testing negative for SARS-CoV2
antibodies does not necessarily indicate that an individual, in fact, did not have COVID-19.
Exposures
Participants reported the amount of time they were in
close proximity to patients with COVID-19 by answering
the question ‘On a typical shift during the COVID-19
pandemic, how frequently were you in close proximity
to patients or others with COVID-19?’ Participants had
six options to choose, ranging from <5% of time to >75%
of time. Participants reported whether they had been
in close contact with a patient with COVID-19 outside
the workplace (‘Have you been in close contact with
anyone outside of your workplace with a confirmed diagnosis of COVID-19?’). Similarly, participants reported
whether they had been in close contact with suspected or
confirmed patients with COVID-19 inside the workplace
while not wearing PPE (‘Have you been in close contact
Kim H, et al. BMJ Global Health 2021;6:e004611. doi:10.1136/bmjgh-2020-004611

with any suspected or confirmed case of COVID-19 inside
your workplace while not wearing COVID-recommended
PPE?’). For these two questions, participants could
answer ‘yes’, ‘no’ or ‘not sure’.
Participants reported the number of shifts per week,
number of hours per shift, work hours per week,
and whether they had been in a room of a confirmed
COVID-19 patient during continuous positive airway pressure (CPAP), bilevel positive airway pressure (BiPAP),
nebulisation, intubation or cardiopulmonary resuscitation (CPR). Participants were asked to describe their
access to PPE (masks, face shields, gowns and gloves) by
choosing the following options: ‘non-existent (no access
to at least one of the following: masks, face shields, gowns,
and gloves)’, ‘poor (little access to masks, face shields,
gowns, and gloves)’, ‘basic (access to at least one daily
mask, face shield, gown, and gloves)’, ‘good (I had access
to a change of mask, gown, and gloves if soiled as well as
a face shield)’, ‘excellent (I had access to a fresh mask,
gown, and gloves every time that I entered a new patient
room as well as a face shield)’. A copy of the questionnaire is available as online supplemental file.
Statistical analyses
Categorical data were reported as percent frequencies
and compared by χ2 or Fischer exact tests. Mean and SD
were employed to display normally distributed continuous variables. Due to the limited number of cases, we
pooled data from all six countries in our analyses, except
for the analyses on access to PPE and COVID-19-like
illnesses. First, we assessed the association of COVID-19
exposures with COVID-19 like illness using multivariable logistic regression models, adjusting for age,
gender and country. Second, we examined the association between workplace risk factors and COVID-19 like
illness. In addition to age, gender and country, models
were further adjusted for access to PPE and close exposure to a COVID-19 case outside the workplace. Third,
we evaluated the association between access to PPE and
COVID-19 like illness in all six countries and stratified
by each country. When we combined data from all six
countries, we considered age, gender, country, specialty,
provider type, close exposure inside the workplace
without PPE and close exposure outside the workplace as
covariates. Lastly, the association between COVID-19 risk
factors and duration and severity of illness was analysed
with multivariable linear regression models controlling
for potential confounders such as: age, sex, geographical
region, medical history and COVID-19 exposure outside
of the workplace. A sensitivity analysis was carried out
evaluating the association of COVID-19 risk factors after
limiting cases to those who tested positive by antibody or
PCR.
RESULTS
The study population consisted according to COVID-19
illness are shown in table 1. The study population
3
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nurses were not in a high-risk setting (hospital-based),
181 participants did not consent, 57 had inconsistent
responses between symptoms and disease severity, and
550 were over quota for negative/asymptomatic controls.
Questionnaires were administered to 2884 exposed
HCWs throughout the USA, UK, Germany, France, Italy
and Spain. The questionnaire was completed online.
It consisted of approximately 100 questions including
demographics, medical history, social history, medication and supplements, a food frequency questionnaire,
sleep habits, stress and physical activity. SHG offered
participants a small honorarium for participation. Questionnaires and informed consent were translated and
administered in the primary language for each country
(English—USA and UK, Spanish—Spain, French—
France, Italian—Italy and German—Germany).
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Controls
n=2316

Cases
n=568

Gender, N (%)

P value
0.63

Female

640 (28%)

154 (27%)

Male

1656 (72%)

410 (72%)

Other

1 (0%)

1 (0%)

Prefer not to say

19 (1%)

3 (1%)

Age (mean±SD)

48±10

47±10

0.11

Significant, close
exposure to
COVID-19

100%

100%

.

Experienced
symptoms of
COVID-19

0 (0%)

514 (90%)

.

Number of days of
symptoms

0

11±13

.

Country

<0.001

France

208 (9%)

48 (8%)

Germany

233 (10%)

46 (8%)

Italy

359 (16%)

74 (13%)

Spain

382 (16%)

146 (26%)

UK

233 (10%)

94 (17%)

USA

901 (39%)

160 (28%)

Race/ethnicity

0.46

Table 1

Continued
Controls
n=2316

Cases
n=568

Gastroenterology

77 (3%)

17 (3%)

Haematology

85 (4%)

27 (5%)

Infectious disease

82 (4%)

18 (3%)

Internal medicine

322 (14%)

111 (20%)

Nephrology

38 (2%)

15 (3%)

Neurology

82 (4%)

25 (5%)

Pulmonology

354 (15%)

76 (13%)

Rheumatology

69 (3%)

32 (6%)

Nurse/NP/PA practice setting

P value

0.36

Emergency room

22 (17%)

2 (10%)

Intensive care unit
(ICU)

45 (35%)

5 (25%)

Other hospital-
based department

62 (48%)

13 (65%)

Pre-diabetes

38 (1.6%)

16 (2.8%)

0.06

Diabetes

70 (3.0%)

26 (4.6%)

0.06

Medical conditions

High cholesterol

320 (13.8%)

76 (13.4%)

0.79

Cancer

326 (14.1%)

78 (13.7%)

0.83

Coronary heart
disease

59 (2.5%)

11 (1.9%)

0.4

Heart failure

31 (1.3%)

13 (2.3%)

0.1

Prior lung disease

8 (0.3%)

2 (0.4%)

0.98

White

1792 (77%)

426 (75%)

Prior lung infection

9 (0.4%)

4 (0.7%)

0.31

Any mixed/multiple
ethnic background

121 (5%)

41 (7%)

Asthma

34 (1.5%)

6 (1.1%)

0.45

Asian

271 (12%)

65 (11%)

Overweight

218 (9.4%)

69 (12.1%)

0.05

African

36 (2%)

12 (2%)

Other

29 (1%)

7 (1%)

Prefer not to say

67 (3%)

17 (3%)

Smoking

Autoimmune disease 307 (13.3%)

0.80

Current smoker

110 (5%)

24 (4%)

Former smoker

341 (15%)

86 (15%)

Never smoked

1865 (81%)

458 (81%)

Medical doctor

2187 (94%)

548 (96%)

Nurse/nurse
129 (6%)
practitioner/
physician assistant

0.048

20 (4%)

Physician specialty

0.10

No—I did not a get
a test

695 (30%)

53 (9%)

No—I did not have
access to the test

69 (3%)

32 (6%)

Yes—I tested
negative

1552 (67%)

185 (33%)

Yes—I tested
positive

0 (0%)

298 (52%)

Test for influenza or other
respiratory viruses

<0.001

1876 (81%)

418 (74%)

4 (1%)

No—I did not have
access to the test

205 (9%)

50 (9%)

227 (10%)

54 (10%)

79 (14%)

52 (9%)

Yes—I tested
negative

225 (10%)

230 (10%)

Yes—I tested
positive

10 (0%)

21 (4%)

10 (0%)

2 (0%)

Allergy and
immunology

25 (1%)

Cardiology
Critical care

Emergency medicine 512 (22%)

91 (16%)

Endocrinology,
diabetes, and
metabolism

24 (4%)

74 (3%)

Continued

0.53
<0.001

No—I did not a get
a test

Other

4

81 (14.3%)

COVID-19 PCR or
antibody test

Cases are defined as self-reported COVID-19 like illness or a
positive COVID-19 test in the absence of symptoms.
NP, nurse practitioner; PA, physician assistant.
Kim H, et al. BMJ Global Health 2021;6:e004611. doi:10.1136/bmjgh-2020-004611
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Table 1 Baseline characteristics of physicians, nurses or
physician assistants exposed to patients with COVID-19 in
the workplace.
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with any suspected or confirmed case of COVID-19
inside the workplace while not wearing COVID-19
recommended PPE was associated with greater odds of
reporting COVID-19 illness (p<0.0001). Furthermore,
close contact with anyone outside the workplace with a
confirmed diagnosis of COVID-19 was associated with
greater odds of reporting COVID-19 illness (p<0.0001).
The number of shifts per week but not number of work
hours per shift was significantly associated with reporting
COVID-19 illness (p=0.028) with 7% greater odds of
COVID-19 illness per shift (table 3). Weekly work hours
were also associated with increased risk of reporting
COVID-19 illness after adjusting for age, gender, country,
access to PPE and close exposure to a COVID-19 case
outside the workplace. High-
risk procedures such as
being in a room with a patient during CPAP or BiPAP,
nebulisation, intubation or CPR were not associated with
reporting COVID-19 illness after adjusting for access to
PPE and exposure to COVID-19 cases outside of the work
setting.
Access to PPE in exposed frontline HCWs and risk of
reporting COVID-19 illness are displayed in figure 1 and
online supplemental table 1. In all countries, odds of
reporting COVID-19 illness was nearly eightfold greater
with non-existent access to PPE, threefold greater with
poor access to PPE, twofold greater with basic access to
PPE and 1.5-fold greater with good access to PPE, versus
those with excellent access (p trend <0.0001) (figure 1;
online supplemental table 1). In general, these associations were statistically significant in the USA, UK, Spain
and Italy but did not reach statistical significance in
Germany and France independently.

Table 2 COVID-19 exposures and ORs of COVID-19 like illness (self-reported COVID-19 like illness or a positive COVID-19
test) in exposed healthcare workers adjusting for age, gender, and country
OR (95% CI)

P value

Contact with COVID-19 patients in the workplace:
Not very frequent (5%–10% of my time)

Ref

<0.0001*
–

Somewhat frequent (11%–25% of my time)

1.13 (0.84 to 1.52)

0.4

Frequent (26%–50% of my time)

1.40 (1.03 to 1.89)

0.031

Very frequent (51%–75% of my time)

1.69 (1.22 to 2.33)

0.0014

Continuous (greater than 75% of my time)

1.65 (1.19 to 2.28)

0.0026

Close contact with any suspected or confirmed case of COVID-19
inside the workplace while not wearing COVID-recommended PPE
No

Ref

–

Not sure

1.53 (1.18 to 1.98)

0.0015

Yes

1.65 (1.34 to 2.04)

<0.0001

Close contact with anyone outside the workplace with a confirmed
diagnosis of COVID-19
No

Ref

Not sure
Yes

0.86 (0.67 to 1.11)
1.87 (1.49 to 2.33)

–
0.26
<0.0001

*This value is p trend.
Kim H, et al. BMJ Global Health 2021;6:e004611. doi:10.1136/bmjgh-2020-004611
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comprised primarily of male physicians with an average
age in their late forties (table 1). By study design, all study
participants had close exposure to COVID-19 cases, and
were similar in terms of sex, age, race/ethnicity, smoking,
and medical specialty by cases and controls. COVID-19
cases experienced symptoms with an average duration of
11 days. HCWs were represented from France, Germany,
UK, Italy, Spain and USA in ascending order. The study
population was primarily composed of self-reported white
individuals; report of COVID-19 illness did not differ by
race/ethnicity. Physicians were selected for fields that had
frequent and close exposure to COVID-19 patients: emergency medicine, critical care, general internal medicine
and its subspecialties and neurology. Nurse practitioners,
nurses and physicians’ assistants were hospital based or
worked in the intensive care unit or emergency room.
COVID-19 case group was slightly more likely to have
pre-diabetes and diabetes, or to be overweight, although
these differences were not statistically significant. The
majority of the study population received testing for
SARS-CoV2 viral infection by PCR or antibody test. Sixty-
seven per cent of the asymptomatic control group tested
negative while 33% did not have access or did not get a
test. Fifty-two per cent of the COVID-19 case group was
positive for PCR or antibody test, 33% tested negative
and 15% did not have access or did not get a test. Most of
the study population was not tested for other respiratory
viruses. Twenty-one cases tested positive for influenza or
another respiratory virus, nineteen of which also had a
positive COVID-19 PCR or antibody test.
The odds of reporting COVID-19 was greater with
more frequent contact with patients with COVID-19 in
the workplace (P trend <0.0001) (table 2). Close contact

BMJ Global Health

Model 1*

P value

Model 2†

P value

Number of shifts per week
Number of work hours per shift

1.08 (1.02–1.15)
1.00 (0.95–1.04)

0.009
0.14

1.07 (1.01–1.14)
1.01 (0.96–1.05)

0.028
0.80

Work hours per week

1.01 (1.00–1.01)

0.015

1.01 (1.00–1.01)

0.018

Been in the room of a patient with confirmed COVID-19 during any of the following:
CPAP or BiPAP

0.78 (0.64–0.95)

0.012

0.86 (0.70–1.04)

0.125

Nebulisation

0.91 (0.74–1.12)

0.37

0.89 (0.72–1.10)

0.295

Intubation

0.72 (0.58–0.89)

0.003

0.83 (0.67–1.03)

0.086

CPR
None of the above

0.91 (0.71–1.15)
1.24 (1.02–1.51)

0.42
0.032

0.98 (0.77–1.24)
1.14 (0.94–1.39)

0.89
0.19

*Model 1 adjusted for age, gender and country.
†Model 2 adjusted for age, gender, country, access to personal protective equipment (PPE) and close exposure to a COVID-19 case outside
the workplace.
BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway pressure; CPR, cardiopulmonary resuscitation.

HCWs were more likely to report greater than 14 days
of symptoms (p=0.004) and moderate-
to-
severe symptoms (p=0.006) with poor access to PPE relative to excellent access to PPE even after multivariable adjustment
including comorbidities (table 4). Reporting symptoms
of nausea or vomiting (p=0.029), sore throat or headache
(p=0.039), and fever or chills (p=0.049) were significantly
associated with less access to PPE. Respiratory symptoms such as shortness of breath or difficulty breathing
(p=0.021), abnormal chest X-ray, low oxygen saturation,
respiratory distress or acute lung injury (p=0.036) were
also significantly associated with less access to PPE among

HCWs. For analyses on number of days, severity and
symptoms of COVID-19, we did not stratify by country
due to limited number of cases in each country.
The main study findings were unchanged in a sensitivity analysis limited to cases who tested positive for
SARs-CoV-2 by PCR or antibody testing (n=298, 11.4%)
and this did not change the main study findings (online
supplemental tables 2-5). There was a statically significant association between access to PPE and odds of positive COVID-19 test (PCR or antibody) as well (p trend
<0.0001, online supplemental table 4).

Figure 1 Access to personal protective equipment (PPE)
and ORs) of COVID-19 like illness (self-reported COVID-19
like illness or a positive COVID-19 test) in exposed
healthcare workers. The dots represent ORs and the lines
represents 95% CIs. Model for all countries (n=2884; n=568
cases) was adjusted for age, gender, country, specialty,
provider type and closer exposure to a COVID-19 case inside
the workplace without PPE and close exposure outside of
the workplace. Models for each country was adjusted for
age, gender, close exposure to a COVID-19 case inside the
workplace without PPE and close exposure outside of the
workplace. P values represent p for trend. Point estimates
and 95% CIs are available in online supplemental table 1.

DISCUSSION
Statement of principal findings
In a large population of exposed physicians and nurses
living in six different countries in Europe and the USA,
risk of reporting COVID-19 was significantly associated
with close contact with COVID-19 cases both inside and
outside the workplace, number of work shifts and hours
worked per week. Limited access to PPE was associated
with a significantly increased risk of reporting COVID-19
across all six countries. Limited access to PPE was associated with symptom duration of greater than 2 weeks and
moderate-to-severe symptoms such as nausea or vomiting,
fever or chills, difficulty breathing or shortness of breath,
abnormal chest X-ray, low oxygen saturations, respiratory
distress or acute lung injury.
Importantly, this study shows a strong, consistent relationship between access to PPE and COVID-19 risk in
exposed physicians and nurses across multiple countries.
Our findings incrementally add to prior studies which
examined the associations between PPE and COVID-19
in a single country with sample sizes ranging from 37 to
544210–12 and are in line with several other observational
studies that support the importance of PPE in stopping
the transmission of COVID-19.4 5 13 14 At-risk providers
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Table 3 Workplace risk factors and ORs of COVID-19 like illness (self-reported COVID-19 like illness or a positive COVID-19
test) in exposed healthcare workers adjusting for age, gender and country and model 2 age, gender, country, access to
personal protective equipment (PPE) and close exposure to a COVID-19 case outside the workplace
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OR access to PPE
OR access to PPE
OR access to PPE poor
good versus excellent basic versus excellent versus excellent
P trend
>14 days of symptoms

1.26 (0.62–2.55)

1.76 (0.86–3.61)

2.39 (1.10–5.22)

0.0044

Moderate to severe symptoms

1.70 (0.90–3.20)

1.63 (0.83–3.19)

3.51 (1.70–7.26)

0.0058

Fatigue and muscle aches

1.53 (0.79–2.93)

2.07 (1.00–4.30)

0.97 (0.46–2.08)

0.86

Loss of taste or smell

1.17 (0.66–2.09)

1.74 (0.95–3.18)

1.31 (0.67–2.58)

0.46

Cough

1.46 (0.85–2.51)

1.59 (0.90–2.81)

1.48 (0.78–2.79)

0.36

Diarrhoea

1.88 (0.94–3.73)

2.04 (1.01–4.12)

1.79 (0.82–3.89)

0.28

Nausea or vomiting

1.18 (0.53–2.64)

2.53 (1.14–5.59)

2.10 (0.87–5.07)

0.029

Sore throat or headache

2.40 (1.37–4.18)

2.92 (1.62–5.27)

2.15 (1.11–4.14)

0.039

Fever or chills

1.47 (0.85–2.56)

1.49 (0.83–2.65)

2.25 (1.16–4.39)

0.049

Shortness of breath or difficulty breathing

1.10 (0.60–2.03)

1.46 (0.78–2.76)

2.45 (1.22–4.93)

0.021

Respiratory symptoms: abnormal chest X-
ray, low oxygen saturation (SpO2) <93%) at
rest, respiratory distress, respiratory rate ≥30
times/min, or acute lung injury

1.48 (0.43–5.09)

1.74 (0.48–6.30)

3.33 (0.93–11.86)

0.036

Specific COVID-19 symptoms:

*Adjusted for age, gender, country, diabetes, pre-diabetes, coronary artery disease, overweight, asthma and high-risk exposure to an
individual with COVID-19 outside of the workplace (n=568 total).
†Poor access to PPE was described as ‘little access to masks, face shields, gowns, and gloves’. Basic access was described as
‘access to at least one daily mask, face shield, gown, and gloves’. Good access to PPE was described as ‘I had access to a change
of mask, gown, and gloves if soiled as well as a face shield’. Excellent access to PPE was described as ‘I had access to a fresh mask,
gown, and gloves every time that I entered a new patient room as well as a face shield’.

who had no access to either a mask, face shield, gown
or gloves were eight times more likely to report COVID19. Risk decreased with some access to more than one of
those items and decreased further with daily change of
mask, gown and gloves and access to a face shield. Risk
was lowest for those providers that could change their
mask gown and gloves every time that they entered a new
patient room. Risk of COVID-19 may be lower for HCWs
with excellent access to PPE, given that PPE can provide
a physical protection which can block the spread of respiratory droplets from infected individuals.3 PPE, such as
surgical masks, can also can reduce virus shedding into
the environment.15
Notably, to the best of our knowledge, this is the largest
study thus far to find that greater access to PPE not only
reduced the risk of contracting COVID-19, but was associated with reduced severity of the disease in frontline
HCWs. Those HCW who reported limited access to
masks, gowns, gloves and face shields had a nearly 2.5-
fold higher odds of COVID-19 symptoms lasting for
more than 14 days and 3.5-fold higher odds of reporting
moderate-to-severe symptoms versus those with fresh PPE
for each patient encounter. It is possible that this observation is due to a reduced SARS-CoV-2 inoculum as access
to PPE was greater, potentially resulting in reduced
disease severity. Previously, scientists have hypothesised
that universal mask wearing reduces the dose of the virus
for the mask-wearer, resulting in milder disease course or
asymptomatic infection. Depending on the type of mask,
they filter out most but not all viral particles.16 Several
Kim H, et al. BMJ Global Health 2021;6:e004611. doi:10.1136/bmjgh-2020-004611

studies have suggested that viral inoculum of SARS-CoV-2
could be associated with disease severity.17–19 Trials in
humans to test this notion would be unethical, but animal
studies suggest a dose–response relationship.20 The data
presented in this study are the largest to date to support
this theory.
In this study, we confirmed some obvious workplace
risk factors for COVID-19 illness but not others. Reported
increased frequency of exposure to patients with
COVID-19 in the workplace was associated with higher
risk of COVID-19 illness. Magnitude of risk was similar in
those with at least very frequent exposure continuously
at work as those who had episodic exposure to patients
with COVID-19 without proper PPE. Interestingly, the
number of shifts worked per week increased risk while
the length of the shift did not. Perhaps this could be
due to vulnerabilities when donning and doffing PPE in
changing or transitional areas in the hospital. Alternatively, there could be risks in transportation to and from
home to medical facilities for work. Paradoxically, in a
basic model adjusting only for age, gender and country,
high-risk procedures such as intubation or CPAP seemed
to be associated with lower risk of COVID-19. However,
after further adjustment for access to PPE and risk factors
outside of the workplace, these associations became
significant, suggesting that those providers who
non-
performed high-
risk procedures may have had better
access to PPE overall or at least during the high-
risk
procedures.
7
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Table 4 Number of days, severity and type of COVID-19 symptoms in association with access to personal protective
equipment (PPE) in exposed healthcare workers
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