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Abstract
Background: During the first wave of the COVID-19 pandemic of Spring 2020, Den-

Correspondence mark was one of the first countries to introduce lockdown measures, including clos-
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ing of all daycare centers. Following the reopening of daycare centers, Danish Health
Authorities implemented a mandatory intensive hand hygiene regimen.

Objectives: To examine the occurrence and point prevalence of hand eczema as a
consequence of more intensive hand hygiene among Danish children attending
daycare.

Methods: The heads of 1667 daycare centers in Denmark were contacted and asked
to forward a link to a questionnaire to parents of the children attending the daycare
center.

Results: Among 6858 children, 12.1% had hand eczema before reopening of daycare
centers, whereas 38.3% reported hand eczema after the children returned to
daycare. Of the children who never had hand eczema, 28.6% developed hand eczema
after returning to daycare. The risk of hand eczema was significantly associated with
atopic dermatitis, female gender, higher age, and frequency of handwashing.
Conclusion: Following the implemented hygiene regimen, a high proportion of young
children rapidly developed hand eczema. Well-established prophylactic skin care
might have spared a proportion of the children from developing hand eczema.
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1 | INTRODUCTION
Hand eczema acquired in childhood may have serious consequences.
Not only does the skin disease cause subjective symptoms, including
itching and pain, it may also cause sleep disturbances and avoidance
of participation in social activities such as sport, play, or other activi-
ties actively involving the hands.?

Repeated skin contact with chemical or physical agents such as
water, soaps, and detergents disrupts the skin barrier, eventually lead-
ing to irritant contact dermatitis.> Once hand eczema has developed,

even a minimal skin irritation like every-day exposure to water and
soaps will maintain the skin damage, leading to chronic hand eczema.*
During the coronavirus disease 2019 (COVID-19) pandemic of spring
2020, Denmark was one of the first countries to introduce lockdown
measures. This included closing of all daycare centers throughout
Denmark by March 16, 2020. Daycare centers were reopened on
April 15, 2020. To prevent the transmission of coronavirus, specific
hand hygiene guidelines for children were issued by the Danish
Health Authorities: Children were instructed to wash their hands for

45 to 60 seconds with water and soap at least every 2 hours and
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specifically upon arrival at daycare, before and after meals, after toilet
visits, after coughing/sneezing in the hand, and whenever hands were
visibly dirty.> Soon after the reopening of daycare centers, we
witnessed a disturbing increase in young children presenting with
hand eczema suspected to be caused by altered hand hygiene rou-
tines (Figure 1). We thus examined the incidence and point prevalence
of hand eczema along with risk factors for the development of hand
eczema among Danish children attending daycare during the COVID-

19 pandemic.
2 | METHODS
21 | Questionnaire

The study was designed as a 100% anonymous parental self-
administered survey. An electronic questionnaire was designed to
explore the occurrence of dry skin and hand eczema following the
implemented hand hygiene measures and further providing information
regarding the treatment given. Questions included, “How many times
per day did your child wash hands with soap at home before the
COVID-19 pandemic?” and “How many times per day does your child
wash hands with soap at home now during the COVID-19 pandemic?”

Answer options were given as intervals of three: “0 times/day”, “1-3
times/day”, “4-6 times/day”, “7-9 times/day”, “10-12 times/day”, “13
to 15 times/day”, and “>15 times/day”. Further questions regarding the
child's skin included: “In general, does your child have dry skin?”, “Did a
doctor ever tell you that your child has atopic dermatitis?”, “Did your
child develop dry skin (or worsening of dry skin) on the hands after
returning to daycare?” with answer options “yes” and “no”, “Did your
child have hand eczema before returning to daycare?” with answer
options “yes, before the daycare centers closed”, “yes, developed while
daycare centers were closed”, and “no, my child did not have hand
eczema before returning to daycare”. We further asked, “Did your child
develop hand eczema (or worsening of existing hand eczema) after
returning to daycare?”, with the answer options “yes, new eczema”,
“yes, worsening of existing hand eczema”, and “no, my child did not
develop hand eczema”. The questions regarding previous or current
hand eczema were introduced by the following description of eczema:
“Eczema is an itchy skin disorder showing redness, dryness, and possibly
blisters and oozing”. Questions regarding skin symptoms included,
“What symptoms did your child have from the current hand eczema?”,
with answer options “redness”, “itching”, “burning”, “pain”, “sleep distur-
bance”, and “none of the above”. Parents were then asked to grade the
symptoms as “mild”, “moderate”, or “severe”. Questions regarding time

to onset of dry skin on the hands or hand eczema included, “How long

FIGURE 1 (A) Deterioration of
hand eczema 3 days after returning to
daycare in a 6-year-old girl with
atopic dermatitis. (B) A 4-year-old boy
developed moderate hand eczema 3-
4 days after returning to daycare. (C)
A 5-year-old girl developed mild hand
eczema 3 days after returning to
daycare
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after returning to daycare did your child develop dry skin on the
hands?”, and “How long after returning to daycare did your child
develop hand eczema?” with answer options given as intervals of three:
‘O days”, “1-3days”, “4-6days”, “7-9 days”, “10-12days”, “13-
15 days”, and “>15 days”. Questions concerning treatment included,
“Did your child see a doctor because of the hand eczema?”, “Did your
child receive prescription medication for the hand eczema?’, with
answer options, “Topical corticosteroids”, “Protopic/Elidel (Tacrolimus/
Pimecrolimus)”, “Antihistamine”, “Other”, and “How did you treat your
child's hand eczema?”, with answer options, “Emollient cream”, “Topical
corticosteroids”, “Protopic/Elidel (Tacrolimus/Pimecrolimus)”, “Oral anti-
histamine”, “Refrained from washing hands”, “Refrained from using hand
sanitizer”, “Kept the child at home”, and “Other”. The questionnaire was
sent out on May 4, 2020 and closed for responses May 17, 2020.

2.2 | Participants

We contacted the administration of all 98 municipalities of Denmark
to obtain e-mail addresses of the daycare centers throughout Den-
mark. Fifty-four replied, enabling us to contact 1667 daycare centers
throughout Denmark by e-mail. It was voluntary for the head of the
daycare center to forward the link with the questionnaire to the par-
ents, and we did not send out any reminders or obtain information
about execution. The head of the daycare center was encouraged to
upload an invitation to participate and a link to the questionnaire
using the institution's digital platform. If the parents had multiple chil-
dren attending daycare, they were asked to complete the survey for
each child.

2.3 | Statistics and data management

The questionnaire was constructed using Research Electronic Data
Capture (REDCap), which was also used to store data. A chi-square
test was used for binary data and results were expressed as odds
ratios (ORs). To adjust for possible confounding factors, a binary logis-
tic regression analysis was performed with “incident hand eczema”
as the dependent variable, and gender, atopic dermatitis, age group
(0-3 years, 4-7 years), and total daily number of hand washes after
the reopening of daycare as explanatory variables. Statistical signifi-
cance was predefined as a P-value of <.05. The data analysis was done
using statistical software (STATA statistical software, College Station,
Texas: StataCorp LP. Release 12).

3 | RESULTS

Parents of 7003 children returned the questionnaire. To facilitate the
statistical analyses, 145 responses with missing answers regarding sex
or age were deleted from the final data set, giving a sample of 6858
children. The children were 0-7 years old (mean 3.4 years, SD 1.37)
and 49.7% (3410/6858) were girls.

Parents of 42.7% (2925/6847) of the children responded affirma-
tive to the question: “In general, does your child have dry skin”. A cur-
rent or previous diagnosis of atopic dermatitis was confirmed by the
parents of 19.9% (1362/6845, 95% confidence interval [Cl]: 19.0-
20.9%) of the children, 2.2% (151/6842, 95% ClI: 1.9-2.6%) suffered
from hay fever, and 9.9% (679/6835, 95% Cl: 9.2-10.7%) of the par-
ents reported that their child suffered from symptoms of asthma.
Table 1 shows the occurrence of dry skin and hand eczema stratified
by atopic dermatitis and gender.

Parents of 63.5% (4303/6777, 95% Cl: 62.3-64.6%) of the chil-
dren reported that their child developed dry skin on the hands after
returning to daycare and this was significantly associated to atopic
dermatitis (adjusted OR 1.47, 95% Cl: 1.29-1.68, P < .001) and female
gender (adjusted OR 1.32,95% CI: 1.19-1.47, P < .001).

Overall, 7.0% (475/6792, 95% Cl: 6.4-7.6%) of the parents
answered that their child had hand eczema before the society lock
down and daycare were centers closed. Another 5.1% (345/6792,
95% Cl: 4.6-5.6%) developed hand eczema while daycare centers
were closed. Thus 12.1% (820/6792, 95% Cl: 11.3-12.9%) of the chil-
dren had hand eczema before reopening of daycare centers on April
15, 2020. This prevalence increased to 38.3% (2600/6795, 95% ClI:
37.1-39.4%) after the children returned to daycare and the strict hand
hygiene regimen was implemented, which was a statistically signifi-
cant increase by 26.2 percentage points (P < .001).

The large share of children with previous hand eczema was
explained by atopic dermatitis, as 22.9% (308/1345, 95% Cl: 20.7-
25.2%) of children with current or previous atopic dermatitis had hand
eczema before daycare centers were closed. While day care centers
were closed, another 6.9% (93/1345, 95% Cl: 5.6-8.4%) developed
hand eczema, giving a total of 29.8% (401/1345, 95% Cl: 27.3-32.3%)
children with atopic dermatitis who had hand eczema before returning
to daycare. After returning to daycare, the prevalence of hand eczema
among children with atopic dermatitis increased to 61.3% (826/1348,
95% Cl: 58.6-63.9%). This was a significant increase by 31.5 percent-
age points (P < .001).

Overall, 87.9% (5972/6792, 95% Cl: 87.1-88.7%) parents
answered that their child did not have hand eczema before the
reopening of daycare centers. Among these, 28.6% (1668/5842, 95%
Cl: 27.4-29.7%) developed hand eczema after returning to daycare. In
51.0% (847/1661, 95% Cl: 48.6-53.4%) hand eczema occurred within
3 days.

The risk of developing hand eczema without having a history of
hand eczema was significantly associated with atopic dermatitis
(adjusted OR 2.22, 95% Cl: 1.91-2.59), female gender (adjusted OR
1.42, 95% Cl: 1.26-1.60), and older age (adjusted OR 1.79, 95% Cl:
1.59-2.03), and the frequency of handwashing (Table 2, Figure 2). A
linear regression with number of handwashes as an explanatory vari-
able gave an estimated coefficient of 0.036 with a corresponding
standard error of 0.005. The effect of increased frequency of hand
washing was similar among children with atopic dermatitis as com-
pared to children without atopic dermatitis.

We identified four subgroups: (1) Children without any history of
atopic dermatitis or previous hand eczema (“previously healthy”),
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TABLE 2 Therisk of incident hand eczema

Explanatory variables

Proportion with and eczema?®

CONTACT

RMATITISEAA4 LEY-L

OR e (95% Cl) OR.gjusted” (95% Cl) P-value
1.38 (1.23-1.55) 1.42 (1.26-1.60) <.001

1 (ref) 1 (ref)

1.97 (1.70-2.29) 2.22(1.91-2.59) <.001

1 (ref) 1 (ref)

1 (ref) 1 (ref) <.001
1.89 (1.68-2.12) 1.79 (1.59-2.03)

1(ref) 1 (ref) C

2.54 (1.00-6.46)
3.28 (1.30-8.31)
4.51(1.78-11.47)
5.45 (2.12-14.00)
5.30 (1.98-14.20)
6.20 (2.21-17.42)

2.05 (0.80-5.25)
2.36 (0.92-6.02)
3.09 (1.20-7.91)
3.67 (1.42-9.52)
3.54 (1.31-9.56)
4.00 (1.43-11.67)

Gender 31.9 (911/2855)
Girl 25.3(757/2987)
Boy

Atopic dermatitis 41.3 (363/879)
Yes 26.3 (1303/4955)
No

Age 22.2 (654/2947)
0-3 years 35.0(1014/2895)
4-7 years

Number of handwashes per day after
returning to daycare on April 15, 2020 10.2 (5/49)

6 22.4(329/1468)
7-9 27.2 (657/2419)
10-12 33.9 (404/1192)
13-15 38.3 (189/494)
16-18 37.6 (53/141)
19-21 41.3 (31/75)
>21

?Hand eczema defined as incident cases of hand eczema, that is, children without previous hand eczema.
bAdjusted for gender, atopic dermatitis, age, and frequency of handwashing after returning to daycare.

“Trend P-value <.001.

70
60

50

N w
o o

% (incident cases of hand eczema)
=
o

10-12 13-15

m All children (n=6853)

M Atopic dermatitis (n=1362)

No history of atopic dermatitis (n=5479)
40 | | | |
0 I I| I| I | |
6 79 >21

16-18 19-21

FIGURE 2 The relationship between incident hand eczema and frequency of handwashing

(2) children with current or previous atopic dermatitis but without
previous hand eczema, (3) children with previous hand eczema but no
history of atopic dermatitis, and (4) children with both current or pre-
vious atopic dermatitis and previous hand eczema.

Children with previous hand eczema regardless of atopic
dermatitis washed their hands more frequently both before and
during the COVID-19 pandemic (Figures 3a and b). Deterioration of
existing hand eczema or development of incident hand eczema hap-
pened earlier among children with previous hand eczema or atopic
dermatitis as compared to children without preexisting skin disease
(Figure 4).

Of the 2600 children who developed hand eczema or deteriora-
tion of hand eczema after returning to daycare, 23.2% (603/2600,
95% Cl: 21.5-24.8%) had moderate or severe itching, 26.2% (680/
2600, 95% Cl: 24.5-27.9%) had moderate or severe burning, and

12.6% (328/2600, 95% Cl: 11.4-14.0%) had moderate or severe pain.
Finally, the hand eczema caused sleep disturbance in 6.5% (168/2600,
95% Cl: 5.5-7.5%) of the children.

Of the 2399 parents who answered the question regarding medi-
cal care, 4.8% (115/2399, 95% Cl: 3.97-5.72%) answered that their
child was seen by a doctor. Of all children with hand eczema, 89.4%
(2324/2600, 95% Cl: 88.1-90.5%) were treated with emollient cream,
26.9% (700/2600, 95% Cl: 25.2-28.7%) refrained from the use of
hand sanitizer, 15.9% (413/2600, 95% Cl: 14.5-17.3%) were treated
with topical corticosteroids, 8.7% (227/2600, 95% Cl: 7.7-9.9%)
avoided handwashing, 5.5% (143/2600, 95% Cl: 4.7-6.4%) chose to
keep their child home from daycare, 1.6% (41/2600, 95% CI: 1.1-
2.1%) were treated with oral antihistamine, and 1.3% (35/2600, 95%
Cl: 0.9-1.9%) were treated with topical tacrolimus/pimecrolimus
(Table 3).
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FIGURE 3 (A) The proportion of
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FIGURE 4 Days to onset of hand
eczema or worsening of previous hand
eczema after returning to daycare April
15, 2020 for children in each of the four
subgroups

Days to onset of hand eczema or worsening of previous hand eczema

4 | DISCUSSION

Knowing the etiology of irritant contact dermatitis, a sudden and dra-
matic epidemic of hand eczema in children was predictable. Following
the Danish lockdown measures, citizens were instructed to dramati-
cally increase hand hygiene measures including frequent han-

dwashing. Before the lockdown, which included closing of daycare

centers, 7.0% of the children had hand eczema. This increased to
12.1% during the lockdown, when handwashing was more frequent
than before, and further to 38.3% after the children returned to
daycare and the strict hand hygiene regimen was implemented. The
risk of incident hand eczema was strongly associated with atopic der-
matitis and moderately with female gender, and the risk increased sig-

nificantly with increasing frequency of handwashing. Of the children
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TABLE 3 Treatment/actions taken because of hand eczema

Treatment/actions taken because

of hand eczema % (N/Notar”)

Application of emollient 89.4 (2324/2600)
Application of topical corticosteroid 15.9 (413/2600)
Use of oral antihistamine 1.6 (41/2600)
Application of topical tacrolimus/pimecrolimus 1.3 (35/2600)
Avoidance of hand sanitizer 26.9 (700/2600)
Avoidance of handwashing 8.7 (227/2600)

Kept the child at home 5.5 (143/2600)

®Total = all children with hand eczema.

with no history of previous hand eczema, 28.6% developed hand
eczema, and in the majority of cases this occurred within few days
after returning to daycare.

Hand eczema is a common skin disease in adults.® For instance, a
life time prevalence of 22% and a 1-year prevalence of 12% among
Danish adults from the general population has been reported. Hand
eczema in young children is usually attributed to atopic dermatitis’
or allergic contact dermatitis.®>'° Based on their 2013 public health
survey, the Swedish Institute of Environmental Medicine found self-
reported hand eczema in 6.1% and 6.8% of 4- and 12-year-old
children, respectively.'! In the present study, 7.0% had hand eczema
even before daycare centers were closed, which to a large extent was
explained by atopic dermatitis, but irritant contact dermatitis may also
constitute a significant share, as children with previous hand eczema
washed their hands more often than children without pre-existing skin
disease. The intensive hand hygiene regimen was implemented in
daycare centers as well as in primary schools throughout Denmark. In
a similar study among Danish school children, 40.9% without previous
hand eczema developed hand eczema after returning to school.*? An
explanation for this could be that school children have higher compli-
ance with hand hygiene recommendations.!?

The prevalence of atopic dermatitis in our study was 19.9%,
which is in agreement with the existing data on atopic dermatitis epi-
demiology.'* The skin barrier in atopic dermatitis patients is inherently
impaired, and previous or current atopic dermatitis is a strong risk fac-
tor for the development of irritant dermatitis and hand eczema,*” as
our study confirms. Preventive measures are particularly important in
this subgroup of children, as a history of atopic dermatitis and young
age at onset are both important risk factors for a poor long-term
prognosis.'®

The prevalence of hand eczema is higher in adult women than
men.'” Accordingly, we found a significantly higher risk of developing
hand eczema among girls. This gender difference has traditionally
been explained by different environmental exposures, and not by
a genuine difference in skin susceptibility between genders. Mortz
et al'® found a significantly higher life time and 1-year prevalence of
hand eczema among females in 12- to 16-year-old adolescents. How-

ever, in a Norwegian study the prevalence of hand eczema among

CONTACT 7
- WILEY-L *
8- to 12-year-old boys and girls was identical.” The role of the gender
as a predisposing factor for irritant contact dermatitis is still debated.
Although some authors have reported an increased irritant suscepti-

bility in women compared with men,?2°

most experimental studies
have not confirmed this gender difference in acute or cumulative irri-
tant reactivity.?%?? In our study of hand eczema in young children
there may have been behavioral differences between boys and girls,
that is, girls may wash their hands more thoroughly and more often, at
least among the older children in the study population. In line with
this, children in the age group 4-7 years were significantly more likely
to develop hand eczema as compared to younger children aged
0-3 years. This could be because the older children manage the hand
washing themselves and the exposures are likely different, that is,
the older children have a different behavior pattern and other prefer-
ences in terms of play and use of toys, and are further exposed to
more frequent handwashing because of toilet visits, coughing, eating,
and so on.

The frequency of direct skin contact with any irritant agent
including soap and water determines the degree of skin barrier disrup-
tion.2® The correlation between the frequency of handwashing and
risk of hand eczema has previously been established.?42 In this study
we found a significant dose-response relationship between the fre-
quency of handwashing and incident hand eczema.

Developing hand eczema in childhood does not only have imme-
diate implications, but may potentially have serious long-term conse-
quences. Repeated skin exposure to even weak irritants will
eventually lead to chronic irritant contact dermatitis, and despite
removal of the irritant, the clinical reaction may persist for years.2®
Another potential problem of intensified exposure to soap and disin-
fectants is the risk of contact allergy to ingredients. The risk of sensiti-
zation to allergens is increased in already inflamed and eczematous
skin.2”28 possible sensitizing agents commonly found in hand soaps
include fragrance, preservatives, and emulsifiers.2?-3*

Danish Health Authorities implemented the regimen of intensive
hand hygiene to limit the transmission of corona-virus, based on the
assumption that young children may be asymptomatic carriers of the
virus. Children were instructed to wash their hands several times each
day, whereas the role of hand sanitizer was limited. Repeated han-
dwashing disrupts the skin barrier, while using a hand sanitizer con-
taining glycerol instead is much gentler.3? Due to inquiries from
general practitioners and dermatologists who witnessed a rapidly
increasing number of children with hand eczema, the instructions for
hand hygiene were revised as of April 23, 2020. The revised guide-
lines recommended use of lipid-rich moisturizer after each hand wash
or as frequent as possible. In addition, the new guidelines rec-
ommended using lukewarm water, to wet the hands before applying
soap, to thoroughly rinse hands free of soap, and to gently dry the
hands after washing.

The major strength of this study is the size of the study popula-
tion, which geographically covers the entire country and thus repre-
sents all social classes. A limitation of the study is that we have no
information regarding non-responders and the number of parents that

received the invitation. Although the high prevalence of hand eczema
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of 28.6% may raise concern for participation bias, the estimates of
atopic dermatitis and hand eczema before the COVID-19 pandemic
are similar to those from previous studies.**143% Another limitation is
that the end points were self-reported (by parents). Caregiver-
reported history of ever having childhood eczema was previously
shown to have a high sensitivity of 83% and specificity of 89%.%% The
question concerning the main outcome hand eczema was also previ-
ously validated and found to have a high specificity 96.3% and moder-
ate sensitivity 70.3% compared to a doctor's examination and
diagnosis,34 so the results on incidence and prevalence of hand
eczema in this study would be conservative. However, the sudden
increase of hand eczema in young children made headlines in newspa-
pers and television at the time. This could potentially have increased
the detection rate. A final limitation of the study is that we have no

information regarding the severity of hand eczema.

5 | CONCLUSION

Following the implemented hygiene regimen in Danish daycare cen-
ters, a significant share of children rapidly developed hand eczema.
Prophylactic measures should have been implemented along with the
hand hygiene regimen, including instructions on how to perform cor-
rect handwashing, with emphasis on the use of hand sanitizers (with
glycerol) as a gentler hygiene measure, and the use of emollient cream
following handwashing. Finally, it remains unknown to what degree
the intensive hand hygiene regimen among Danish children attending

daycare actually prevented coronavirus transmission.
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