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The COVID-19 pandemic has resulted in increased at-
tention on infection prevention measures. This study
aims to assess whether changes in hand hygiene pro-
cedures, use of personal protective equipment and
moisturizers during the first year of the COVID-19 pan-
demic were associated with changes in the occurrence
of skin symptoms among healthcare workers, clea-
ners, and day-care workers. A total of 602 participants
(40%) responded to an electronic questionnaire, in-
cluding questions on previous and current occupatio-
nal exposure and skin problems. Increased frequency
of hand washing, use of hand disinfectants, use of
disposable gloves and moisturizers were all associa-
ted with an increased symptom score on the hands,
wrists, forearms. Participants who increased their use
of masks or respirators had a higher risk of facial skin
symptoms, compared with those with non-increased
occupational exposure. In conclusion, a change of be-
haviour among healthcare workers, cleaners and day-
care workers during the first year of the COVID-19
pandemic, with an increase in occupational exposures
and use of moisturizers, was associated with higher
occurrence of facial skin symptoms and symptoms on
the hands, wrists and forearms.
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Due to frequent exposure to wet work, irritants and
allergens, healthcare workers (HCWs) have an in-
creased risk of developing work-related skin disease. In
a Norwegian population-based study from the HUNT3
survey (2006-2008), 28.5% of women with hand eczema
(HE) worked in health and social work at the time of HE
onset (1). Wet work is one of the strongest risk factors
for HE and is defined as having wet hands for >2 h,
washing hands >20 times or wearing occlusive gloves
for >2 h per working day (2). However, studies have
shown that even wet work <30 min may increase the
risk of HE (3). Using lipid-soluble hand disinfectants and

SIGNIFICANCE

This study shows that, during the first year of the COVID-19
pandemic, a change in behaviour with an increase in occu-
pational exposure to hand wash, hand disinfectants and dis-
posable gloves and use of moisturizers, was associated with
increased symptoms on the hands, wrists and forearms
among healthcare workers, cleaners and day-care workers.
Furthermore, increased use of masks or respirators was as-
sociated with a higher risk of facial skin symptoms.

detergents may cause adverse skin reactions including
skin dryness and irritant and allergic contact dermatitis
(2,4). In individuals with atopic dermatitis (AD), the skin
barrier is already impaired; hence, such exposures may
induce exacerbation of the underlying condition as well
as an increased risk of developing contact dermatitis (5).

The COVID-19 pandemic focused attention on measu-
res that are important to prevent the spread of infection.
Intensified hand hygiene measures and the use of per-
sonal protective equipment (PPE) are among the actions
that were implemented (6, 7).

Previous COVID-19 studies have emphasized that the
intensified use of hand hygiene procedures has increased
the risk of HE. The excessive use of tight-fitting PPE
during the pandemic also seems to have increased the
risk of occupational skin diseases, such as skin damage,
exacerbation of pre-existing disease (e.g. acne and ro-
sacea) as well as irritant and allergic contact dermatitis
(8, 9). Some studies have also described an association
between frequent hand hygiene procedures and HE
among children in day-care centres and schools (10, 11).

The aim of the current study was to assess to what
extent changes in hand hygiene procedures and the use
of PPE and moisturizers among HCWs, cleaners, and
day-care workers, from before to during the COVID-19
pandemic, were associated with changes in the occur-
rance of skin symptoms.

MATERIALS AND METHODS

Population and study design

In February 2021, approximately 1 year after the COVID-19
pandemic began, an electronic questionnaire was sent by e-mail
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to 1,059 HCWs, cleaners and day-care workers at Haukeland Uni-
versity Hospital in Bergen, Norway and to 447 HCWs employed
in primary healthcare in the municipality of Bergen and 3 sur-
rounding municipalities. The workers were selected as they were
expected to have intensified their hand hygiene measures during
the pandemic. Participants from the hospital included workers
from the emergency room, COVID-19 wards, intermediate wards,
infection wards, the intensive care unit, the COVID-19 test team,
cleaning and personnel in the hospital’s day-care centres. Parti-
cipants from the municipalities included HCWs from emergency
primary healthcare centres, COVID-19 test teams and HCWs
predominantly working in health centres (defined as “others”).
The following occupations were included in the study: nurses and
auxiliary nurses, physicians, cleaners, day-care workers, students,
and administrators. All workers from the mentioned workplaces
were invited to participate in the study.

The employees were sent 2 e-mails and 1 text message with re-
minders regarding participation. A total of 602 participants (40%)
responded anonymously to the questionnaire, which contained 58
questions (Appendix S1). However, not all participants completed
every question; thus the response rate varies for each question. The
questionnaire included questions on previous and current skin pro-
blems, such as HE, facial skin symptoms, and symptoms on hands,
wrists, and forearms. HE was defined based on the question; “have
you ever had hand eczema”, and point prevalence was based on
answering affirmative to the question; “I have hand eczema now”.
HE within the last 12 months was based on the question “When
did you last have eczema on your hands?” Symptoms on hands,
wrists, and forearms included 12 symptom categories: “redness”,

ELIT

“dry skin with scaling/flacking”, “fissures or cracks”, “weeping
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or crusts”, “tiny water blister”, “papules”, “urticaria”, “itching”,
“burning, prickling or stinging”, “tenderness”, “aching or pain” and
“other”. AD was assessed by a self-reported history of childhood
eczema (12). Furthermore, the questionnaire contained different
questions such as questions on symptoms from the upper and lower
airways, physical activity, body mass index (BMI), occupational
hand hygiene procedures and use of PPE and moisturizers (expo-
sure data) (Appendix S1). Different occupational exposures (hand
wash, hand desinfectants, use of disposable gloves, use of masks
or respirators (filtering masks) and use of moisturizers and the
outcomes (the number of symptoms on hands, wrist and forearms
and the presence of facial skin symptoms (yes/no)) were reported
in the questionnaire, both for before and during the pandemic. The
occupational exposure variables included hand washing (number of
times per work day, categorized as 0-5, 6-10, 11-20, >20 times),
use of hand desinfectants (number of times per work day, catego-
rized as 0-5, 6-10, 11-20, 21-50, >50 times), use of disposable
gloves at work (never/seldom, 1-2 days/week, almost daily, 1-10
times daily, > 10 times daily) and use of masks or respirators at work
(never/seldom, 1-2 days/week, almost daily, 1-10 times daily, >10
times daily). Use of moisturizers before and during the pandemic
was also reported (never, less than 1 day/week, 1-3 days/week, 4—7
days/week, > 1 time daily). The participants were informed about
the possibility of being referred for an outpatient examination if
they had experienced skin symptoms. The questions were derived
from the validated Nordic occupational skin questionnaire (NOSQ)
(13), from the RHINESSA study (www.rhinessa.net) and from a
Swedish study on HCWs conducted during the COVID-19 pan-
demic (9). The questionnaire was prepared by the National Centre
for Emergency Primary Health Care using software developed by
Qualtrics (Qualtrics, Provo, UT, USA). The study is approved by
the Regional Committee for Medical and Health Research Ethics
(west) (REC 191415).

Statistical analysis

Symptom scores were based on questions associated with HE col-
lected from NOSQ (13) and were calculated as the number of symp-
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toms on the hands, wrists and forearms. The score was based on the
12 reported symptom categories, and all symptoms were weighted
equally. A change in symptom score from before to during the
pandemic was made by subtracting the score of symptoms during
the pandemic from the score of symptoms before the pandemic.

Levels of the occupational exposure variables before and during
the pandemic were each compared separately using marginal ho-
mogeneity tests. The marginal homogeneity test was also applied
to evaluate the use of moisturizers before and during the pande-
mic. McNemar’s test was used to compare reported occurrences
of each symptom on the hands, wrists, and forearms before and
during the pandemic.

Possible associations between demographic variables (sex, age,
AD, rhinitis, asthma, smoking habits, level of physical activity,
BMI, weekly work hours, years of work in occupation, workplace,
and daily work with patients with suspected or confirmed CO-
VID-19 infection (yes/no)) and a change in the presence of facial
skin symptoms were analysed with negative binomial generalized
estimating equations (GEE) models. Similarly, a possible impact
on the change in symptom score was analysed with lincar GEE
models. Possible effect modifications on outcomes from demograp-
hic variables or from change in use of masks or respirators were
assessed by including an appropriate interaction term in the models.

When assessing associations between demographic variables
and a change in level of occupational exposures, the exposures
were dichotomized (increased or equal/reduced exposure) and
analysed with negative binomial regression. Thus, the recoded
exposure variables constituted the outcome part of the regression
models. The possible impact of a change in occupational exposure
on a change in symptom score on the hands, wrists and forearms
was analysed with linear regression with difference in symptom
score as the outcome. Estimates were also adjusted for possible
confounding from sex, age, AD and weekly work hours. Direct
acyclic graphs (DAGs) were used to identify variables to adjust
for in the model. GEE models with robust estimation of standard
errors were used to account for the correlation of individual mea-
surements over time. Furthermore, the possible impact of a change
in occupational exposures on a change in facial skin symptoms
were analysed with negative binomial GEE models. All statistical
analyses were performed with STATA SE17.0 (StataCorp LLC)
and p-values less than 0.05 were considered statistically significant
with no adjustment for multiple comparisons.

RESULTS

The majority of participants were female (79.4%) (Table I).
The mean age was 39 years (data not shown). The mean
number of working years in the given occupation was
12.1 years. A total of 262 participants (43.5%) worked
with patients with suspected or confirmed COVID-19
infection (Table I). The most common occupation was
nurse/auxiliary nurse (47.2%). The proportion of nurses/
auxiliary nurses among female participants (50.0%) was
higher than among male participants (36.3%) (data not
shown). In total, 17.2% of the participants in the study
reported a history of AD (Table I). The prevalence of
AD was 44.1% among participants with self-reported
HE during the last 12 months (data not shown).

Hand eczema and symptoms on hands, wrists and
forearms

In total, 20.1% of the participants reported HE during the
preceding 12 months, while the point prevalence (current
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Table 1. Association between demographic variables and facial skin symptoms and symptom score on hands, wrists and forearms among
healthcare workers, cleaners and day-care workers before and during the COVID-19 pandemic

Facial skin symptoms?

Symptom score on hands, wrists and forearms®

Mean number of

Prevalence symptoms
RR
Before During (during MD (during
COVID-19 COVID-19 vs before Before During vs before
n (%) (%) (%) COVID-19) 95% CI© p-valued COVID-19 COVID-19 COVID-19¢ 95% CI p-valued
All 602 (100) 24.78 36.72 1.48 1.30-1.69 - 1.40 2.42 1.02 0.87-1.18 -
Sex
Female 478 (79.4) 25.67 38.39 1.50 1.30-1.72 1.47 2.56 1.09 0.91-1.26 -
Male 124 (20.6) 21.24 30.09 1.42 1.03-1.96 0.8 1.11 1.87 0.76 0.41-1.10 0.1
Age
<30 years 126 (20.9) 41.88 56.41 1.35 1.14-1.59 0.2 1.38 3.35 1.97 1.59-2.36 <0.001
30-38 years 168 (27.9) 28.29 38.16 1.35 1.06-1.71 0.2 2.01 3.12 1.12 0.80-1.43 <0.001
39-47 years 152 (25.3) 18.31 30.28 1.65 1.21-2.27 0.7 1.20 1.99 0.79 0.50-1.08 0.04
> 48 years 156 (25.9) 14.00 26.00 1.86 1.25-2.77 - 0.97 1.37 0.41 0.19-0.63 -
Ever ADf
Yes 102 (17.2) 43.75 53.13 1.21 0.97-1.53 0.03 2.41 3.65 1.25 0.78-1.72 0.2
No 419 (70.5) 20.15 33.50 1.66 1.40-1.98 1.14 2.08 0.94 0.77-1.11
Don’t know 73 (12.3) 25.00 32.35 1.29 0.92-1.81 0.2 1.51 2.69 1.18 0.72-1.64 0.3
Ever rhinitis’
Yes 161 (30.2) 35.40 42.86 1.21 1.01-1.45 0.009 1.68 2.76 1.08 0.75-1.42 0.7
No 372 (69.8) 19.62 33.60 1.71 1.42-2.06 - 1.20 2.22 1.01 0.83-1.20 -
Ever asthma'
Yes 87 (16.3) 31.03 48.28 1.56 1.16-2.08 0.8 1.77 3.16 1.39 0.97-1.81 0.07
No 446 (83.7) 23.09 34.08 1.48 1.27-1.71 - 1.26 2.23 0.96 0.79-1.14 -
Smokingf
Yes 31 (5.9) 19.35 16.13 0.83 0.32-2.15 0.2 1.35 2.16 0.81 0.15-1.46 0.5
No 494 (94.1) 24.49 37.45 1.53 1.33-1.75 - 1.36 2.41 1.06 0.89-1.23 -
Physical activityf
Never to less than 84 (15.9) 22.62 23.81 1.05 0.71-1.55 0.06 1.29 1.94 0.65 0.33-0.98 0.04
once a week
Once a week 81 (15.3) 28.40 43.21 1.52 1.15-2.01 0.8 1.54 2.48 0.94 0.58-1.30 0.5
2-3 times a week 229 (43.2) 22.27 35.81 1.61 1.29-2.01 1.34 2.44 1.10 0.83-1.37 -
Almost every day 136 (25.7) 25.74 40.44 1.57 1.22-2.02 0.9 1.31 2.54 1.23 0.89-1.57 0.6
Body mass indexf, kg/m2
<25 277 (52.7) 22.74 37.18 1.63 1.35-1.97 - 1.25 2.23 0.97 0.76-1.19 -
25-30 187 (35.6) 26.20 36.90 1.41 1.13-1.76 0.3 1.48 2.66 1.18 0.89-1.47 0.2
=30 61 (11.6) 24.59 29.51 1.20 0.81-1.78 0.2 1.44 2.38 0.93 0.40-1.47 0.2
Work hours per week
<30 124 (20.9) 20.91 28.18 1.35 0.94-1.93 - 1.18 2.02 0.83 0.53-1.14 -
=30 478 (79.1) 25.72 38.80 1.51 1.32-1.73 0.9 1.45 2.52 1.07 0.89-1.25 0.2
Years of work in
occupation
<5 148 (24.6) 35.56 48.89 1.38 1.15-1.64 - 1.32 2.84 1.52 1.20-1.84 -
5-9 149 (24.8) 22.54 30.99 1.38 1.04-1.81 1.0 1.60 2.62 1.02 0.70-1.34 0.03
10-17 144 (23.9) 22.90 35.88 1.57 1.18-2.08 0.4 1.62 2.71 1.09 0.74-1.44 0.08
>18 161 (26.7) 18.95 32.03 1.69 1.22-2.35 0.3 1.10 1.63 0.53 0.29-0.77 <0.001
Occupation
Nurse/auxiliary nurse 284 (47.2) 29.17 49.24 1.69 1.42-2.00 0.04 1.62 3.03 1.41 1.15-1.67 <0.001
Physician 75 (12.5) 26.03 35.62 1.37 1.02-1.83 0.3 1.49 2.23 0.74 0.35-1.14 0.1
Cleaner 152 (25.2) 13.67 13.67 1.00 0.63-1.59 - 1.03 1.40 0.37 0.15-0.59 -
Day-care worker 51 (8.5) 26.09 30.43 1.17 0.76-1.79 0.6 1.12 2.20 1.08 0.65-1.51 0.004
Student/administrators 40 (6.6) 30.77 43.59 1.42 0.94-2.14 0.3 1.43 2.58 1.15 0.57-1.73 0.01
Workplace
Emergency room/ 163 (27.1) 30.72 47.71 1.55 1.26-1.91 0.03 1.79 3.36 1.58 1.23-1.93 <0.001
COVID-19 wards/
intermediate wards
Intensive care unit 44 (7.3) 17.07 60.98 3.57 1.90-6.70 <0.001 1.26 2.51 1.26 0.72-1.80 0.001
Internal medicine 46 (7.6) 40.91 50.00 1.22 0.92-1.62 0.3 1.69 2.82 1.13 0.56-1.71 0.008
Cleaning 157 (26.1) 14.58 13.19 0.90 0.58-1.40 - 1.01 1.32 0.31 0.11-0.52 -
Day-care centre 54 (9.0) 24.49 28.57 1.17 0.76-1.79 0.4 1.12 2.21 1.10 0.69-1.50 0.001
COVID-19 test team 11 (1.8) 45.45 63.64 1.40 0.72-2.72 0.3 0.82 1.36 0.55 0.16-0.93 0.3
Emergency primary 108 (17.9) 25.00 37.00 1.48 1.09-2.00 0.07 1.54 2.48 0.94 0.55-1.34 0.006
care centre
Other 19 (3.2) 21.05 47.37 2.25 1.08-4.67 0.04 1.32 3.05 1.74 0.75-2.73 0.006
Daily work with patients
with suspected or
confirmed COVID-19
infection
Yes 262 (43.5) 28.69 47.54 1.66 1.40-1.97 0.07 1.51 2.89 1.38 1.12-1.63 <0.001
No 340 (56.5) 21.77 28.39 1.30 1.07-1.58 - 1.31 2.06 0.74 0.56-0.93 -

@Missing new facial skinsymptoms: 41. bMissing symptoms score: 16. “Negative binomial generalized estimating equations (GEE) models. dEffect modification by
demographic variable. ®Linear generalized estimating equations (GEE) models. fMissing: atopic dermatitis: 8, rhinitis: 69, asthma: 69, smoking: 77, body mass index
(BMI): 77, physical activity: 72.

RR: relative risk; MD: mean difference; AD: atopic dermatitis.
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Before During Before During Before During Before During Before During
COVID-19 COVID-19 COVID-19 COVID-19 COoVID-19 COVID-19 COVID-19 COVID-19 COVID-19 COVID-19
0-5 6-10 11-20 W>20 0-5 M 6-10 W11-20 Never/seldom 1-3 days/week Never/seldom 1-3 days/week M >1timedaily M 4-7 days/week

Almost daily
M > 10 times daily

H21-50 H>50

a. How many times per day do you
wash your hands at work?*n = 554

b. How many times per day do you use
hand disinfectants at work?*n = 554

M 1-10 times daily

c. How many times per day do you use
disposable gloves at work?*n = 539

1-3 days/week
Never

Almost daily Less than 1 day/week
W > 10 times daily
d. How many times per day do you use

masks or respirators at work?*n = 539

M 1-10 times daily

e. How often do you use
moisturizers?*n = 533

Fig. 1. Hand hygiene procedures, use of personal protective equipment and moisturizers among healthcare workers, cleaners and day-
care workers before and during the COVID-19 pandemic. Marginal homogeneity test (Stuart-Maxwell). *p <0.001.

eczema) was 10.2% (data not shown). Among cleaners,
13.9% reported HE during the last 12 months, while the
prevalence among day-care workers and HCWs were
11.8% and 23.7%, respectively.

The participants reported a significant change in
hand washing, the use of hand desinfectants, disposable
gloves, and masks or respirators (Fig. 1). An increase in
hand washing frequency (>20 times daily) from 14.1%
to 23.2% was found. The percentage of participants using
hand disinfectants >50 times daily at work increased
from 15.0% to 32.9%. For participants using disposable
gloves > 10 times daily, there was a change from 27.5%
to 60.7%. The percentage of participants using masks
or respirators >10 times daily increased from 2.4% to
48.8%. The risk of increase in hand washing frequency,
the use of hand disinfectants, use of disposable gloves
and masks or respirators during the pandemic was signi-
ficantly higher in the younger age groups compared with
the oldest age group (Table SI). Nurses/auxiliary nurses,
physicians, day-care workers and students/administrators
had a significantly higher risk of increase in the use of

hand disinfectants and use of disposable gloves (except
gloves for day-care workers) compared with cleaners.

The proportion of subjects reporting use of moisturi-
zers more than once daily increased from 23.7% to 44.3%
from before to during the pandemic (Fig. 1), and with a
significantly higher chance of increase for participants
younger than 39 years compared with the oldest age
group (Table SI).

There was a significant increase in all symptoms on
hands, wrists, and forearms from before to during the
pandemic, except urticaria (Fig. 2). Redness, dry skin
with scaling/flaking, fissures or cracks and itching in-
creased the most. Among all the participants, 42.0% had
an increase in symptom score from before to during the
pandemic, 49.0% did not have any change, and 9.0%
reported a reduced symptom score (data not shown).
The mean number of symptoms increased from 1.4 to
2.4 from before to during the pandemic (Table I).

Young age was significantly associated with an increased
symptom score on the hands, wrists, and forearms compa-
red with the oldest age group. Those who had been work-

100%
90% m Before COVID-19  m During COVID-19
80%
70%
60%
50%
40%
30%
20% I
1 ()
80;2 A I - | -*. :. -*. mu | gl .¥I -*. -
S NI 5 S A S @ S & S < A
Q\O«O &@@@ @\&;\ 5 é,bal‘ & . & @Q&Q 0{.\@‘ \@;\0@ § \0@ Q}(\Q;% ébe‘ &°
@A@ @ \\\6\(9\ S $ o Q RS é\b &
Cp & TN S A &
& 22 &-\& O & & v
<® N \QQ’% S

Fig. 2. Proportion of participants with symptoms on hands, wrists and forearms among healthcare workers, cleaners and day-care workers
before and during the COVID-19 pandemic. McNemar’s test *p <0.05; **p <0.001.
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Table II. Association between change in hand wash, hand desinfectants, use of disposable gloves, and use of moisturizers and symptom score
on hands, wrists and forearms among healthcare workers, cleaners and day-care workers from before to during the COVID-19 pandemic

Symptom score on hands, wrists and forearms

Mean number of symptoms Crude? Adjusted®
Before During Estimated Estimated
n (%) COvID-19  COVID-19 A difference  95% CI ~ p-value difference 95% CI  p-value
Change in hand wash?
<0 357 (64.4) 1.41 2.23 0.82
>0 197 (33.6) 1.25 2.63 1.39 0.57 0.22-0.92  0.002 0.46 0.11-0.82 0.01
Change in use of hand desinfectants®
<0 207 (37.4) 1.33 2.00 0.68
>0 347 (62.6) 1.37 2.60 1.22 0.55 0.23-0.86  0.001 0.38 0.07-0.69  0.02
Change in use of disposable glovesd
<0 289 (53.6) 1.27 1.99 0.73
>0 250 (46.4) 1.45 2.84 1.39 0.66 0.33-0.99 <0.001 0.45 0.13-0.76  0.006
Change in use of moisturizers?
<0 318 (59.7) 1.26 1.68 0.42
>0 215 (40.3) 1.47 3.41 1.94 1.53 1.19-1.86 <0.001 1.33 0.99-1.66 <0.001

Linear regression with change in number of symptoms as outcome. bMuItipIe linear regression adjusted for sex, age, ever atopic dermatitis and work hours per week.
“Mean change in number of symptoms from before to under COVID-19. dMissing: Change in hand wash: 48, change in use of hand desinfectants: 48, change in use of

disposable gloves: 63, change in use of moisturizers: 69.

ing for 18 years or more were less likely to report a change
in the symptom score on the hands, wrists and forearms.

The symptom score increased for all occupations.
Nurses/auxiliary nurses, day-care workers and students/
administrators had a significantly higher increased symp-
tom score on the hands, wrists, and forearms compared
with cleaners. A significant increase in symptom score
was seen for all workplaces. Except for the COVID-19
test team, all workplaces had a significantly higher
increase in symptom score compared with cleaning.
HCWs who worked daily with patients with suspected or
confirmed COVID-19 infection also had a significantly
increased symptom score compared with HCWs not
working with these patients.

Increased frequency of hand washing, the use of
hand disinfectants, use of disposable gloves and use of
moisturizers during the pandemic were all significantly
associated with an increased symptom score (both crude
and adjusted) (Table II).

Facial skin symptoms

Prevalence of facial skin symptoms increased signi-
ficantly from before (24.8%) to during (36.7%) the
pandemic, with no significant sex difference (Table I).

Table II1. Association between change in use of masks or respirators
at work and change in facial skin symptoms among healthcare
workers, cleaners and day-care workers from before to during the
COVID-19 pandemic

Facial skin symptoms

Prevalence

Before During
COVID-19 COVID-19

n (%) (%) (%) RR 95% CI? p-value®

Change in use of masks or respirators®
<0, 105 (19.6) 20.95 17.14
>0, 432 (80.4) 25.00 40.74

0.82 0.60-1.12
1.63 1.41-1.89 <0.001

@Negative binomial generalized estimating equations (GEE) model. bp—value for
effect modification by exposure. “Missing: Change in use of masks or respirators: 65.
RR: relative risk.
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Participants working in the emergency room/COVID-19
wards/intermediate wards, intensive care unit and “other”
had a significantly higher risk of facial skin symptoms
compared with cleaners. Furthermore, the risk of facial
skin symptoms was significantly higher for nurses and
auxiliary nurses compared with cleaners. The risk of
facial skin symptoms during the pandemic increased
relatively more in the group without the atopy markers,
AD and rhinitis, compared with atopic participants.
Those who had increased their frequency of use of
masks or respirators had a significantly higher risk of
more facial skin symptoms (Table III). For participants
with facial skin disease before COVID-19, 72.5% re-
ported aggravation of the disease during the first year
of the pandemic (data not shown). Acne was the most
frequently reported pre-existing facial skin disease being
aggravated (81.3%), followed by wounds/pressure ulcers
(79.0%), eczema (62.2%) and rosacea (61.5%) (Table
IV). The majority of those with aggravated eczema,
wounds/pressure ulcers and acne reported use of masks
or respirators more than 10 times daily at work (Table V).

DISCUSSION

Increased frequency of hand hygiene procedures and the
use of PPE at work were observed during the first year

Table IV. Pre-existing facial skin diseases aggravated during the
COVID-19 pandemic among healthcare workers, cleaners and day-
care workers (n=169)

Pre-existing facial Aggravated pre-existed

skin disease facial skin disease
n n (%)
Eczema 37 23 (62.2)
Seborrhoeic eczema 15 6 (40.0)
Rosacea 26 16 (61.5)
Wounds/pressure ulcers 19 15 (79.0)
Acne 75 61 (81.3)
Others 32 12 (37.5)

Missing: 36.
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Table V. Pre-existing facial skin diseases aggravated during the
COVID-19 pandemic and reported use of masks or respirators at
work among healthcare workers, cleaners and day-care workers
(n=112)

Wounds/
Seborrhoeic pressure
Eczema eczema Rosacea ulcers Acne
n (%) n (%) n (%) n (%) n (%)
Never/seldom 3(14.3) - 3(20.0) - 4 (7.0)
1-3 days/week 1 (4.8) - 1(6.7) - 2(3.5)
Almost daily 2(9.5) 2(33.3) - 1(6.7) 2 (3.5)
1-10 times daily 3 (14.3) 2 (33.3) 4(26.7) 1(20.0) 8 (4.0)

>10 times daily 12 (57.1) 2 (33.3) 7(46.7) 11(73.3) 41 (71.9)

Missing: eczema: 2, rosacea: 1, acne: 4, wounds/pressure ulcers: 2.

of the COVID-19 pandemic. During the same period,
the occurrence of skin symptoms on the hands, wrists,
and forearms, as well as facial skin symptoms increased.

Previous studies have reported that the major determi-
nants for the development of irritant contact dermatitis
are duration and frequency of wet work (2). We propose
that the increase in hand and facial skin symptoms within
the first year of the COVID-19 pandemic is caused by
intensified infection prevention. Previous COVID-19
studies have reported on the prevalence of hand and
facial skin symptoms during the pandemic; however,
the current study also provides self-reported change in
occupational exposure and changes in symptoms during
this time.

In the current study, 20.1% of the participants (compri-
sing HCWs, cleaners and day-care workers) reported HE
during the pandemic. Traditionally, cleaners and HCWs
have high exposure to wet work and the prevalence of
HE is high relative to other occupations (1, 14). However,
the literature regarding HE among day-care workers is
scarce. In the current study, 13.8% of cleaners reported
HE during the pandemic, while the prevalence among
day-care workers was 11.8%.

Several studies have reported skin symptoms among
HCWs during the pandemic, and considerable differences
are reported in the occurrence of HE. Swedish HCWs
had a 1-year prevalence of 29% during the pandemic (9)
compared with 21% in 2014 (15). A lower prevalence
of HE among HCWs during the pandemic was reported
from Denmark (14.7%) (16). Furthermore, a Danish
cohort study reported a decrease in the 1-year preva-
lence of HE during the pandemic, from 16.0% to 13.0%
(17). Some studies on HCWs working with COVID-19
patients report a considerably higher prevalence of HE
(50.5%) (18) and skin damage on hands (70.4%) (8).
In a study by Guertler et al. (19) self-reported HE and
symptoms on the hands among HCWs were examined.
The prevalence of HE was 14.0%, while the prevalence of
symptoms associated with acute hand dermatitis was sub-
stantially higher (90.4%). The study participants reported
dryness, erythema and itching to be the most common
symptoms. In the current study, redness, dry skin with
scaling/flaking, fissure or cracks, and itching were the
symptoms that increased the most during the pandemic.
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The difference in prevalence may be due to differences
in infection rates/workload between countries, difference
in groups of employment included or the use of different
definitions of HE.

The majority of the participants in the current study
were female, similar to previous studies among HCWs
(3,9, 20). In the current study, the prevalence of facial
skin symptoms and symptoms on the hands, wrists and
forearms increased more for women than for men, but
did not reach statistical significance. Women are known
to have a higher risk of HE than men. A sex difference
has been explained by varying environmental exposures
and not by a genuine difference in skin susceptibility.
Women are more often represented in occupations invol-
ving wet work and traditionally have a higher total load
of additional exposures at home, such as taking care of
children and cleaning (2, 21).

In the current study, a history of AD was reported by
44.1% of the participants with HE during the pandemic.
Ruff et al. reported that patients with AD had a 3—4-fold
increased prevalence of HE compared with controls
(22). In a Norwegian population-based study, 31% of
the participants with HE reported having had AD (1).
Interestingly, the reported increase in the symptom score
on the hands, wrists and forearms in the present study
did not seem to be affected by atopy, but may instead be
explained by increased exposure.

An increase in hand hygiene measures was associated
with an increase in symptom score. In the current study,
the proportion of participants reporting hand wash
frequency more than 20 times per day increased from
14.1% to 23.2%; furthermore, the reported use of hand
disinfectants more than 50 times a day increased from
15.0% to 32.9%. Guidelines have been changed during
the last decades, recommending HCWs to replace hand
washing with hand desinfectants, using alcohol gel rubs
when possible (4). This could explain why the observed
difference in hand washing frequency is not larger, as the
largest increase in hand hygiene procedures are seen for
use of hand disinfectants.

The pandemic has resulted in increased attention on
hand hygiene procedures and use of PPE. Change in all
occupational exposures was significantly higher among
the younger age groups and participants who had been
employed for a shorter time in the occupation. This is in
line with a Swedish study, reporting that water exposure
at work decreases with increasing age (23). One of the
suggested explanations was that senior workers were
employed on more administrative assignments.

In the current study the symptom score on the hands,
wrists, and forearms increased regardless of workplace
or occupation, which is in line with findings by Guertler
etal. (19). Due to the pandemic, hand hygiene measures
have been implemented among all HCWs, independent
of COVID-19 related work. The current study illustra-
tes that this effect is seen for other groups, as day-care
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workers also report a significant increase in use of hand
disinfectants and moisturizers. To our knowledge, no pre-
vious studies on occupational exposure among cleaners
and day-care workers during the COVID-19 pandemic
have been published.

The application of moisturizers is assumed to offer a
protective effect against irritant exposure (24). Among
the respondents in the current study, 24% used moistu-
rizers more than once daily before the pandemic, com-
pared with 44% during the pandemic. Erdem et al. (18)
reported that the use of moisturizing cream in daily life
was associated with a higher risk of HE and symptoms of
HE. In the current study, young and female participants
showed the largest increase in moisturizer use. Further-
more, the largest increase in use was observed for the
participants with the highest increase in symptoms. This
may illustrate that participants used moisturizer with a
therapeutic intent after the development of symptoms of
HE, as also reported by Visser (25), but may also signal
a prophylactic strategy.

Since the start of the COVID-19 pandemic, several
studies have reported on facial skin disease related to
the use of masks or respirators (8, 9, 26, 27). The current
study shows a significant increase in reported facial skin
symptoms during the pandemic, compared with before.
For participants with facial skin disease before the pan-
demic, 72.5% reported aggravation of the disease during
the pandemic. Acne was the most common pre-existing
disease reported to be aggravated. Participants with AD
and rhinitis reported a higher prevalence of facial symp-
toms during the pandemic than non-atopic participants;
however, the risk of increased symptoms was higher
among non-atopic participants. Atopic participants had
a higher occurrence of initial facial symptoms, and are
more likely to perform more frequent skin care compared
with non-atopics, as suggested by Niesert et al. (27).

More frequent use of masks or respirators significantly
increased the risk of facial skin symptoms during the
pandemic. Furthermore, our results suggests a dose-
dependent association between use of masks or respira-
tors and exacerbations of facial skin diseases, which is
in line with other studies (9, 27).

Strengths and limitations

A strength of the current study is the detailed data on
self-reported occupational exposure before and during
the pandemic. However, as this is a cross-sectional study
the prevalence and exposures before the pandemic are
retrospectively self-reported and one might speculate
whether these are overestimated, thus representing a
recall bias. To limit the total number of questions, no
questions regarding leisure exposure were included in the
questionnaire. Non-occupational exposures contribute to
the total daily exposure and, as the authorities recom-
mended intensified hand hygiene procedures during the
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pandemic, an increase in non-occupational exposure
cannot be ruled out.

Most questions were derived from the NOSQ; how-
ever, some alterations to questions were necessary to
emphasize changes due to the pandemic and these ques-
tions have not been validated. However, these questions
have been used in prior studies, such as the RHINESSA
study and the Swedish study among HCWs during the
COVID-19 pandemic (9). Lund et al. (28) showed that
workers in professions with a high prevalence of wet
work exposure overestimated the duration of wet work,
and underestimated the frequency of hand washing.
Further, for hand desinfectants they were least likely to
overestimate frequency. Regarding wet work exposure,
the current study used the validated questionnaire based
on frequency and not on duration, thus one cannot rule
out the possibility of underestimation.

This study was not able to compare responders from
non-responders as there was no background information
(e.g. sex, age, occupation) concerning non-responders.
Inclusion of respondents with skin symptoms may cause
a selection bias, which might lead to an overestimation
of the prevalence of skin symptoms. In questionnaire
studies, 2 methods have been used to diagnose HE; self-
reported HE or diagnosis based on various symptoms.
Svensson et al. (29) defined the minimum criteria of
HE diagnosed by the dermatologist to be erythema and
papules/vesicles or erythema and scaling and fissures/
lichenification. HE diagnosis based on combinations
of reported skin symptoms had a lower sensitivity and
specificity compared with HE diagnosis by the dermato-
logist, while the question “Do you have hand eczema?”
had higher sensitivity and specificity.

Self-reported HE has been shown to underestimate
the true prevalence of HE. Meding et al. (30) found that
false-positive answers were usually caused by confusion
with other skin diseases and the false-negative answers
were obtained from individuals with mild HE in most
cases. The current study aimed to investigate the change
in symptoms. In line with Vissler et al. a score based on
symptoms from the NOSQ was used in order not to miss
an early state of HE/mild HE (25). Although it may be
difficult for the lay individual to identify symptoms of
HE, the current study population is mainly represented by
HCWs, who are thought to have a higher ability to iden-
tify skin symptoms. Like Hamnerius et al. (9), we used
diagnosis-based rather than symptom-based questions on
exacerbations of pre-existing facial skin diseases, as the
majority of the participants had some level of medical
education, and thus would be expected to know the terms
for common facial skin diseases.

Conclusion

This study shows that a change in behaviour among
HCWs, cleaners and day-care workers during the first
year of the COVID-19 pandemic, with an increase in oc-
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cupational exposure (hand washing, hand disinfectants,
disposable gloves and masks or respirators) and use of
moisturizers was associated with increased symptoms on
hands, wrists and forearms and a higher risk of facial skin
symptoms compared with before the pandemic.
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