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ABSTRACT

INTRODUCTION: Childhood irritant contact dermatitis (ICD) is the most common cause for developing chronic
hand eczema as an adult. The COVID-19 reopening in Denmark included regulations introducing frequent
hand washing. The aim of the present study was to evaluate if frequent hand washing increases the

incidence of ICD in children.

METHODS: We conducted an observational study in Denmark during the reopening of schools and daycare
facilities for children aged 0-12 years (April 22nd to May 1st 2020). A questionnaire was sent out to parents
in four municipalities consisting of 20 questions about frequency of hand washing, use of hand sanitiser,

symptoms of ICD, atopic dermatitis, allergy and predispositions.

RESULTS: The study included 6,273 children. In children without any prior symptoms of dermatitis, 42.4%
experienced ICD (dry, red and itchy skin) due to increased hand hygiene. Schoolchildren had a 1.5 times
greater relative risk of developing ICD than preschool children. Frequency of hand washing was a strong risk
factor, whereas this was not the case for alcohol-based hand sanitiser. Hand washing 7-10 times/day and

>10 times/day increased the relative risk by 1.83 and 2.23 times, respectively.

CONCLUSIONS: A higher frequency of hand washing during the COVID-19 reopening increased the incidence
of ICD in children. Hand hygiene is essential in our fight against novel coronavirus, but prophylactic initiatives

are important to reduce the possible long-term consequences of ICD in children.
FUNDING: none

TRIAL REGISTRATION: Clinicaltrials.gov (NCT04375410).
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Corona quarantine measures have resulted in a decline in the spread of novel coronavirus,
which has facilitated the initiation of a controlled reopening in several countries. On April
15th 2020, Denmark became the first European country to reopen primary schools and
daycare facilities for preschool and schoolchildren aged 0-12 years. The reopening included
provisions introducing frequent hand washing. Within few days, general practitioners,
paediatricians and dermatologists reported suspicion of an increased incidence of irritant

contact dermatitis (ICD) in children.

Coronavirus is transmitted by inhalation of infected droplets or direct contact with soiled
surfaces [1]. Hand washing and the use of alcohol-based hand sanitiser are an important
defence against infectious diseases such as novel coronavirus [1].In children, a common

cause of ICD is frequent hand washing.

Corneocytes are the cells on the surface of the skin. Corneocytes have the ability to bind
water providing almost all of the skin surface with moisture. Water binding involves
corneocyte surface lipids [2, 3]. Soap and chemicals remove corneocyte surface lipids
causing corneocyte disruption. This transepidermal water loss (TEWL) results in
inflammation and skin barrier disruption and even further increased TEWL. Disruption of

the skin barrier can cause itching, redness and swelling [4, 5].

Patients with a personal or family history of atopic dermatitis have a chronically
dysfunctional cutaneous barrier that increases their sensitivity to skin irritants [5, 6].

Treatment with moisturisers are essential to restore water and lipids to the skin surface [7].

Childhood hand eczema and atopic dermatitis along with wet work is considered the most
important risk factors for developing chronic hand eczema as an adult [8].In the general
population, the point prevalence of hand eczema was reported to be approx. 4% and the one-
year prevalence nearly 10%, whereas the lifetime prevalence reached 15% [9]. Hand eczema
in adults has been shown to have unfavourable psychosocial and occupational
consequences [10]. In adults with hand eczema, 5% have experienced far-reaching
consequences including extended sick-leave periods, sick pension and changes of

occupation [10].

The aim of the present study was to evaluate if frequent hand washing during the COVID-19
reopening increased the incidence of irritant contact dermatitis in children. By elucidating
this subject, we hope to bring awareness to this growing problem in order to avoid acute as
well as chronic consequences such as the development of chronic hand eczema in
adulthood.

METHODS

Denmark opened up daycare facilities and public schools for children aged 0-12 years on

Aprill5th 2020. We conducted an observational study in Denmark during the second week
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after the reopening of schools and daycare facilities ( April 2279 to May 15t 2020).

The legal department of the North Denmark Region approved the study prior to initiation.
The study was registered with Clinicaltrials.gov (NCT04375410). Ethical approval was not

required.

An electronic questionnaire (REDCap) was sent out to parents of children who returned to
school or daycare after the COVID-19 reopening in four Danish municipalities (Aalborg,
Hjoerring, Rebild and Skanderborg). Preschool children were children in daycare facilities
aged 0-5 years, whereas schoolchildren denoted children aged 6-12 years in preschool class

until the 5 grade. The four municipalities represent larger cities as well as rural areas.

The questionnaire consisted of 20 questions about the frequency of hand washing and use of
hand sanitiser, symptoms of ICD (Does your child currently experience dry hands? Does
your child currently experience red hands? Does your child currently experience itchy
hands?), atopic dermatitis, allergy and predispositions. The questionnaire was sent out once
without any reminders because, in this study, we considered ICD an acute disorder and
wanted to avoid recall bias. Questionnaires in which the age of the child was not identifiable
by birth data registration or by class level were excluded. Moreover, children were
excluded if there were missing data regarding one or more of the following parameters:
gender, allergy, history of eczema, allergy or eczema among parents, number of daily hand
washings or number of daily hand disinfections. Regarding hand washing frequency, the
answer options were 0-3, 4-6, 7-10, or more than ten times per day.In our questionnaires, we
found it necessary to divide the frequency of hand washing into 0-3 and 4-6 times in order to
document how often the children washed their hands. In accordance with previous
research, we considered a hand washing frequency of 0-6 times per day as the reference for
pre-COVID-19 hand hygiene behaviour, and expected only a minor number of children to
reportinfrequent hand washing (0-3 times per day) [11]. Thus, we pooled the number of

children who washed their hands 0-3 and 4-6 times in our statistical analysis.
Statistical analysis

Distributions were described by means and standard deviation (SD) for continuous variables
and number and percentage for categorical variables. Comparisons were done by unpaired
t-test for continuous variables and by Fischer’s exact test for categorical variables. Relative
risks were estimated by modified Poisson regression with robust error variance [12]. These
analyses were supplemented by test for trend. A value of p <0.05 was considered statistically
significant. Stata/MP 15 (Stata Corporation, College Station, TX, USA) was used for all

calculations.

Trial registration: Clinicaltrials.gov (NCT04375410).
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RESULTS

The parents of 6,454 children answered the questionnaire. Among these, 181 had incomplete

questionnaires and were excluded, leaving a study population of 6,273 children for further

analysis. In total, we included 49.4% girls and 50.6% boys with a mean age of 6.70 3.12 years

(Table 1).

TABLE 1 / Demographics and hand symptoms of the included children.

Response rate, %
Age, mean % S0, yrs
Gender, n (%)
Boy
Girl
Irritant contact dermatitis in children
with no history of hand symptoms, %
Known allergy, n (%)
History of atopic dermatitis, n (%)
Allergy among parents, n (%)
Eczema among parents, n (%)

S0 = standard deviation.

All participants

(N=6,273)
25.7
6.7013.12

3,174 (50.60)
3,099 (49.40)
4237

491 (7.83)

1,334 (21.27)
1,844 (29.40)
1,437 (23.86)

School children

(n=3,494)
29.25
8.9512.16

1,779 (50.92)
1,715 (49.08)
54.24

344 (9.85)

735(21.04)
996 (28.51)
813(23.27)

Preschool
children
(n=2,779)
22.4
3.99+1.55

1,395 (50.20)
1,384 (49.80)
29.68

147 (5.29)

599 (21.55)
848 (30.51)
684 (24.61)

p-value

0.000
0.576

0.000

0.000
0.613
0.084
0.222

In children without any prior symptoms of ICD, as many as 42.4% (N = 4,496) developed ICD

(dry, red and itchy skin) due to increased hand hygiene after the COVID-19 reopening (Table

1). Female gender was a risk factor for developing ICD with a relative risk of 1.13 (Table 2).

Furthermore, schoolchildren had a relative risk of 1.5 for developing ICD when compared

with preschool children.

Dan Med J 2020;67(9):A05200357
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TABLE 2 /[ Risk factors of developing irritant contact dermatitis among children.

Proportion, Relative risk
niN (%) (95% CI) p-value

Demographics
Gender:
Boy 907/3,174 (28.58) Ref.
Girl 998/3,099 (32.20) 1.13(1.05-1.21) 0.002
Group 0.000
Preschool children 645/2,779 (23.21) Ref.
School children 1,260/3,494 (36.06)  1.55(1.43-1.68)
Hand hygiene
Daily hand washing, =:
0-6 227/1,335(17.00) Ref. -
7-10 886/2,848 (31.11) 1.83 (1.61-2.08) 0.000
)10 792/2,090(37.89) 2.23(1.96-2.54) 0.000
Daily hand disinfecting, =:
0 677/2,243(30.18) Ref.
1-3 813/2,767 (29.38) 0.97 (0.89-1.06) 0.537
4-6 305/959 (31.80) 1.05(0.94-1.18) 0.360
x7 110/304 (36.18) 1.20 (1.02-1.41) 0.028
Co-morbidity and predispositions
Known allergy?: 0.013
Yes 1241431 (25.25) 0.82 (0.70-0.96)
No 1,781/5,782 (30.80) Ref.
History of atopic dermatitis?: 0.000
Yes 255/1,334 (19.12) 0.57 (0.51-0.64)
No 1,650/4,939 (33.41) Ref.
Allergy among parents?: 0.000
Yes 472/1,844 (25.60) 0.79(0.72-0.86)
No 1,433/4,429 (32.35) Ref.
Eczema among parents?: 0.000
Yes 384/1,497 (25.65) 0.81(0.73-0.89)
No 1,521/4,776 (31.85) Ref.

Cl = confidence interval; ref. = reference.
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When addressing hand-washing frequency, we found a very low proportion of children who
washed their hands 0-3 times/day (2.2%, N = 144), the overwhelming majority of whom were
younger than two years of age. Hand washing and hand disinfection habits were different
between preschool children and schoolchildren (Figure 1). Ahigher percentage of
schoolchildren washed their hands > 10 times/day compared with preschool children, and
schoolchildren used hand sanitiser more often than preschool children. The frequency of
hand washing was a strong risk factor for ICD (Table 2). Hand washing 7-10 times/day and >
10 times/day increased the risk by 1.83 and 2.23 times, respectively, relative to 0-6 hand
washings/day.

FIGURE 1 / A. The frequencies of hand washing among
preschool children and school children. B. The frequencies of hand
disinfection among preschool children and school children.
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Preschool children were at a higher risk of developing ICD by excessive hand washing (> 10
hand washings/day, compared with 0-6 hand washings/day) than schoolchildren, with a
relative risks of 2.90 and 1.40 for preschool children and schoolchildren, respectively
(Table 3).

TABLE 3 [ Hand hygiene and risk of developing irritant contact dermatitis divided
between preschool children and school children.

Proportion, Relative risk Trend
n/N (%) (95% CI) p-value
Daily hand washing
Preschool children, x: 0.000
0-6 107/909 (11.77) Ref.
7-10 324/1,244 (26.05) 2.21(1.81-2.71)
210 214/626 (34.19) 2.90 (2.36-3.58)
School children, x: 0.000
0-6 120/426 (28.17) Ref.
7-10 562/1,604 (35.04) 1.24 (1.05-1.47)
210 578/1,464 (39.48) 1.40(1.19-1.65)
Daily hand disinfection
Preschool children, x: 0.099
0 27111,170 (23.186) Ref,
1-3 258/1,193 (21.63) 0.93 (0.80-1.09)
4-6 92/350 (26.29) 1.13(0.92-1.39)
L] 24/66 (36.36) 1.57(1.12-2.20)
School children, x: 0.309
0 406/1,073 (37.84) Ref.
1-3 555/1,574 (35.26) 0.93 (0.84-1.03)
4-6 213/609 (34.98) 0.92 (0.81-1.06)
2 86/238 (36.13) 0.95(0.79-1.15)

Cl = confidence interval: ref. = reference.
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Hand sanitiser use was far less likely to cause ICD. Only if a child used hand sanitiser > 7
times/day, this led to an increased relative risk = 1.2 times (Table 2). When subdividing the
cohort into schoolchildren and preschool children, it became evident that the risk of ICD

did not increase with increased hand disinfection (Table 3).

Comorbid allergy, atopic dermatitis and parental predispositions did not increase the risk of
developing ICD (Table 2).

DISCUSSION

Compared with the adult population, only a small number of cases with novel coronavirus
as well as coronavirus disease (COVID-19) has been described in children [13, 14].
Additionally, most children presented with mild disease, and severe and critical cases were
mainly diagnosed in patients with coexisting conditions [14]. Furthermore, a relatively high
number of asymptomatic latent cases has been reported within the paediatric population.
This knowledge has led to the assumption that children are an important link in the
transmission chain [15]. Moreover, studies have documented the presence of coronavirus
RNA in faeces. Thus, it has been speculated that novel coronavirus may be transferred by
faecal-oral transmission and that children might serve as a reservoir for this virus [16].
Knowledge that novel coronavirus is transmitted by inhalation of infected droplets, direct
contact with soiled surfaces and also possibly faecal-oral transmission stresses the fact that

hand hygiene is extremely important in order to stop the spread of this virus.

To our knowledge, this is the first study to document an increase in irritant contact
dermatitis in children due to increased frequency of hand washing during the COVID-19

reopening.

In our population, we documented that as many as 42.4% of the children experienced all
three symptoms of ICD (dry, red and itchy skin) due to increased hand hygiene. In this
cohort, hand washing was the most important predictive factor for developing ICD. This

finding is in line with previous studies [2, 3].

Surprisingly, schoolchildren had a higher incidence of irritant contact dermatitis than
children in daycare facilities. We speculated if this finding may be due to the fact that school
children have a higher compliance to hand hygiene recommendations [17]. This speculation
was supported by looking at preschool children who washed their hands >10 times per day.
In this group of children, we found a higher risk of developing ICD than among
schoolchildren who washed hands with the same frequency (> 10 times per day), possibly
indicating more sensitive skin among the younger children. We also found that a frequency
of hand washing of 0-3 times per day was mainly documented among the youngest children
in our cohort. This is unsurprising since these children possibly do not wash hands when

having their diaper changed. Hence, the low frequency of hand washing in this group of

Dan Med J 2020;67(9):A05200357 8/11
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children protects them from developing ICD.

The use of hand sanitiser only leads to a minor risk of ICD and no increased risk in the
group of schoolchildren. This finding is in accordance with previous studies in patients with
ICD and invites a speculation of a possible advantageous effect of partly replacing hand

washing by hand disinfection.

It is important to consider that the diagnosis of ICD is based on clinical findings in children
with a history of frequent hand washing. The results presented in this study are based on
questionnaires without concomitant clinical examination by a dermatologist, and this may
potentially raise doubts about the diagnosis. However, self-reported hand eczema was found

to be valid for diagnosis in previous studies [18, 19].

It may be questioned if the included sample of children represents the general Danish
paediatric population. A degree of selection bias cannot be ruled out completely. However,
several parameters point to the cohort being representative of Danish children in general.
The children included in this study had a normally distributed age spread. The gender
distribution was identical to that of the Danish population with 50.6% boys and 49.4% girls.

Furthermore, the children came from cities as well as rural areas.

The overall response rate to our questionnaires was 25.7% (with a preschool and
schoolchildren response rate of 22.4% and 29.3%, respectively). Out of the total number (n =
6,273) of responders, 22.2% (n = 1,334) had a history of atopic dermatitis. This is a slightly
higher percentage than the previously reported prevalence of up to 20% suffering from

atopic dermatitis in the general paediatric population [20].

The research question asked concerning the acute effect of the COVID-19 reopening of
society did not allow us to send out reminders to improve the questionnaire completion rate;
and in the light hereof, the response rate is considered acceptable. The fact that
approximately 58% of the 6,273 participants did not present with any symptoms of ICD also

indicates a generally high grade of willingness to participate independently of symptoms.

In general, a family history of eczema and atopic dermatitis would be expected to increase
the risk of developing ICD. However, this was not the case in relation to the effect of COVID-
19 hand-hygiene-induced ICD. In contrast, eczema disposition as well as atopic der matitis
seemed to have a protective effect against development of ICD in this situation. This finding
may partly be explained by the fact that this study focused on newly developed ICD.
However, this might also reflect a greater awareness about skin irritants as well as
prophylactic measures for ICD among parents who suffer from eczema or have children
with atopic dermatitis. These parents may also have treated their children more rapidly with

hand moisturisers. However, the present study is not able to clarify this hypothesis.

Future studies should evaluate whether ICD could be avoided if COVID-19-related hand

hygiene recommendations are amended to include use of moisturisers and replacement of
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some hand washings with use of hand sanitizers.

Furthermore, it is of importance to address whether the high incidence of ICD in children
seen during the COVID-19 reopening initiatives is an acute problem that will pass or if the ICD
prevalence will be persistently increased in post-COVID-19 societies, and whether these

children will develop chronic hand eczema in adulthood.

CONCLUSIONS

A higher frequency of hand washing during the COVID-19 reopening increased the incidence
of ICD in children. Hand hygiene is essential in our fight against novel coronavirus. However,
identifying and preventing risk factors may possibly reduce the acute as well as the long-
term consequences of ICD. Frequent use of hand sanitiser seems to be associated with a
minor risk for developing ICD than frequent hand washing. Therefore, recommendations
may consider replacing some of the hand washing with the use of hand sanitiser. It is also
highly important that hand hygiene guidelines includes prophylactic recommendations for

ICD such as the use of hand moisturisers.
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