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Abstract: Background: Healthcare workers, particularly nurses and apprentice nurses, are at high
risk of the development of hand eczema due to daily exposure to wet work. This study aimed to
assess the occurrence of hand eczema in a group of first-, second-, and third-year apprentice nurses
at the University Hospitals of Trieste (northeastern Italy) during the COVID-19 pandemic. Meth-
ods: Two hundred forty-two Nursing School students were recruited. Data were collected using a
standardized questionnaire based on the Nordic Occupational Skin Questionnaire, and all patients
underwent a medical examination to evaluate their skin condition based on standard scores. Transepi-
dermal water loss was also measured. The factors associated with hand eczema were investigated
using univariate and multivariate logistic regression analyses. Results: The prevalence of hand
eczema was low in students both before and after the traineeship (17.9 and 21.5%, respectively), but
clinical signs of mild skin damage, mainly skin dryness, were present in 52.3 and 47.2%, respectively.
The factor associated with hand eczema was a personal history of atopic eczema (odd ratios 2.61,
95% confidence intervals 1.18–5.80), while exposure to irritants and glove use did not reach statistical
significance. Conclusions: Our findings might be explained by the preventive measures adopted for
skin protection among healthcare workers in Trieste since the apprenticeship.

Keywords: hand eczema; COVID-19; apprentice nurses; hand hygiene regimen

1. Introduction

Occupational skin diseases (OSDs) are one of the most common work-related diseases
worldwide and considerably affect the quality of life and workability [1,2]. Hand eczema
(HE) is the most common OSD and is responsible for up to 95% of all cases [1,3].

Healthcare workers, particularly nurses, are known to be at high risk of the develop-
ment of OSDs due to daily exposure to wet work (frequent hand washing and prolonged
glove wearing) in combination with chemicals [4,5]. The onset of OSDs occurs more
often in apprentices than in qualified nurses [5,6] and often occurs in the first year of
apprenticeship [7].

Nurse job tasks involve intense contact with water, soaps, detergents, occlusive gloves,
disinfectants, and certain medical substances, all of which are well-known causes of irritant
contact dermatitis (ICD) [7,8]. Additionally, nurses are exposed to allergens, such as rubber
additives and natural latex glove proteins, preservatives, disinfectants (formaldehyde, glu-
taraldehyde), and drugs that can cause allergic contact dermatitis (ACD) [3,9]. Furthermore,
irritant skin damage has been shown to be a risk factor for developing ACD [1].

This study aimed to assess the occurrence of HE in a group of first-year apprentice
nurses before the start of training and in a group of second- and third-year apprentice
nurses after training at the University Hospitals of Trieste (northeastern Italy) and establish
the risk factors.

In addition, this study aimed to evaluate the impact of increased hygiene measures
and the wearing of personal protective equipment (PPE) on skin damage during the
COVID-19 pandemic.
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2. Materials and Methods

An observational study was conducted with the aim of investigating the prevalence
of HE in apprentice nurses in relation to their work experience and number of hours of
training. Furthermore, we aimed to analyze the impact of the COVID-19 pandemic on skin
barrier integrity.

2.1. Study Population

Students were recruited from the Nursing School of the University of Trieste, northeast-
ern Italy. Students in the first, second, and third years were enrolled. The total population
consisted of 242 students aged ≥19 years. Data from the first year were collected in March
2022 before the start of the traineeships in the hospital, and data from the second and third
years were collected after the traineeships in the hospital in October 2021 and January
2022, respectively.

2.2. Assessment

Data were collected inside the classroom of the Department of Nursing School in
Valmaura, Trieste, in accordance with the COVID-19 preventive measures. During data
collection, enrolled students attended a one-hour class on OSDs and related preventive
measures. All students had already attended a pre-traineeship course on preventive
measures for occupational injuries and diseases lasting longer than 12 h. The purpose of the
study was explained to all participants before beginning, and a specific form was signed
to document the understanding and acceptance of the participants. Data were collected
using a standardized questionnaire based on the Nordic Occupational Skin Questionnaire
(NOSQ-2002) [10]. Participants had to fill out a form with their personal information: name,
surname, age, sex, work, and the number of years they had worked. The multiple-choice
questionnaire investigated the history of HE, the substances that worsened HE during the
traineeship, the substances that worsened hand eczema in daily life, the improvement of
HE out of work, the loss of a previous job because of HE, the history of atopic eczema
during childhood, glove use during traineeship or work, gloves used in everyday life,
symptoms related to glove use, number of hand washing during a shift, number of hours
spent with wet hands, history of allergies and, if yes, drugs taken, family history of allergies,
smoking habits, skin condition during the COVID-19 pandemic, and symptoms related
to mask use. Irritant exposure was assessed using the questionnaire suggested by Uter
et al. [11] and was reported as the sum of different irritant factors.

The participants were examined by a medical doctor who evaluated the condition
of their skin by analyzing their fingertips, fingers, palm, back of the hand, and wrists. To
quantify the results numerically, the Hand Eczema Severity Index (HECSI) [12] was used.

Skin damage was further examined by analyzing transepidermal water loss (TEWL) [13]
in 73 students from both subgroups using a VapoMeter device (Delfin Technologies, Kuopio,
Finland), and the results were expressed as g/m2/h. Two independent measures were taken
on the first interdigital space between the thumb and index finger. To avoid altering the results,
students were advised not to apply moisturizers or gels on their skin before the measurements.

2.3. Statistical Analysis

The results are reported using an Excel datasheet. Data were analyzed using both
descriptive and logistic statistics in STATA version 14 (StataCorp, College Station, TX, USA).

Descriptive statistics were performed to compare the two groups, 1st year versus
2nd and 3rd years as the combined group. Age, interdigital TEWL, HECSI score, and
hazard exposure were reported as the median (25–75◦ percentiles), and the difference
between the two groups was analyzed using the Mann–Whitney test, as the data were not
normally distributed. Categorical variables were reported in contingency tables as numbers
and percentages, and the differences between the two groups were analyzed using the
chi-square test.
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Factors associated with HE (age, sex, childhood eczema, hours per day of glove use,
number of hand washings per day, wet time per day, allergy history, smoking, interdigital
TEWL, and hazard exposures) were processed using a logistic regression model, with
univariable logistic regression. Significantly associated factors were then evaluated using
a multivariate logistic regression and reported as odds ratios (ORs) and 95% confidence
intervals (CI). A P significance was set at p < 0.05.

The Friuli Venezia Giulia Ethical Committee approved the study (CEUR No. 092/2018).

3. Results
3.1. Characteristics of the Study Population

The characteristics of the study population are summarized in Table 1. We divided
the students into two subgroups: in the first group, only first-year apprentice nurses were
included before the start of the traineeship (84 individuals, 60.9% eligible); in the second
group, second- and third-year apprentice nurses who had already started the traineeship
in hospitals were grouped together (158 individuals, 78.6% eligible). No differences in sex
or age distribution were found between the students who participated in the study and
those who did not.

A significant difference was observed in the median age between the two groups (20
vs. 21 years in the first and second group, respectively; p < 0.001), according to the course
year. Women were the majority in both groups (80.7% vs. 79.7%, respectively), as expected,
considering that women represent 75–80% of the healthcare workforce.

A history of HE was present in 17.9 and 21.5% of the first- and second–third-year
groups, respectively (p = 0.500), and atopic eczema in childhood was reported in similar
percentages in the two groups (11.9% vs. 13.9%). The smoking rate was higher in the
second–third-year group (27.2%) than in the first-year group (18.3%).

In the first and second groups, 57 and 67% of those who had a history of eczema
reported a worsening of HE with work, mainly in relation to glove use (75 and 52.5%,
respectively) or by contact with detergents (Figure 1). The impairment of the skin barrier
integrity was aggravated by the high number of hand washes performed by apprentice
nurses during their shift, with significant differences between the two groups. The majority
of first-year students washed their hands 6–10 times per day, while the majority of second–
third years washed their hands more than 20 times per day (Figure 2a). However, only a
small number of participants reported a wet time of more than 30 min (Figure 2b), indicating
an awareness of the risk of wet work and suggested preventive measures.
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Table 1. Characteristics of apprentice nurses studied. In bold are reported significant values.

Characteristics 1st-Year Apprentices before
Traineeship (No. = 84) 2nd–3rd-Year Apprentices (No. = 158) p Value

Age (years), median (IQR) 20 (19–23) 21 (21–24) <0.001

Women, No. (%) 72 (80.7) 126 (79.7) 0.252

- Hand eczema No. (%) 15 (17.9) 34 (21.5)

0.500
- Symptoms ongoing

3 (3.6) 5 (3.2)

- Symptoms in the last 3 months
2 (2.4) 10 (6.3)

- Symptoms in the last 3–12 months
4 (4.8) 11 (7.0)

- Symptoms more than a year ago 6 (7.1) 8 (5.1)

Worsening hand eczema during job, No. (%) 8 (57.1) 23 (67.65) 0.263

Childhood eczema, No. (%) 10 (11.9) 22 (13.9) 0.659

Use of gloves during the day, No. (%) 7 (17.5) 71 (45.2) 0.001
Pairs of gloves used per shift, median (IQR) 17.5 (10–50) 20 (20–30) 0.563
Hours wearing gloves, median (IQR) 5 (4–6) 6 (4–7) 0.599

Symptoms related to glove use, No. (%) 8 (9.8) 27 (17.4) 0.114

- Non-specific symptoms (i.e., itching and discomfort)
7 (8.3) 23 (14.6) 0.162

- Eczema
1 (1.2) 2 (1.3) 0.960

- Urticaria
1 (1.2) 4 (2.5) 0.485

- Allergic rhinitis
0 (0) 1 (0.6) -

- Asthma 0 (0) 1 (0.6) -

Allergies, No. (%) 19 (22.6) 42 (26.6) 0.499

- Oculorhinitis
7 (8.3) 24 (15.2) 0.129

- Asthma
7 (8.3) 11 (7) 0.699

- Drugs taken 2 (2.4) 22 (13.9) 0.004

Family history of allergies, No. (%)

- Respiratory symptoms
21 (25.3) 36 (22.8) 0.603

- Skin symptoms 10 (12) 26 (16.5) 0.452

Smokers, No. (%) 15 (18.3) 43 (27.2) 0.059

Interdigital TEWL, median (IQR), total sample: No. = 73 16 (13.7–20.7) 17.3 (12.5–25.6) 0.450

Positive clinical examination, No. (%) 44 (52.38) 73 (46.2) 0.360

HECSI score, median (IQR) 1 (0–2) 0 (0–1) 0.007

Exposure hazard, median (IQR) 6 (0–12.5) 21 (15–29) <0.001

IQR: interquartile range; TEWL: trans-epidermal water loss.

The number of individuals who wore gloves during the day was significantly higher in
the second group than in the first (45.2% vs. 17.5%, respectively; p < 0.001). Figure 3a shows
the students’ glove preferences: the majority preferred the use of latex gloves, and those who
answered ‘none’ to the question were all first-year students who had not yet started training.
Glove-related symptoms, mostly itching and discomfort, were reported by 9.8% of the first
group and 17.4% of the second group. However, five reported urticaria, and one reported
rhinitis and asthma wearing gloves: all underwent skin prick tests with latex extracts that
resulted in being negative, but latex gloves were forbidden for all of them.

In the clinical evaluation, dryness and desquamation of the palm and back of the
hands were the most important skin changes found, while papules, vesicles, and cracking
were found in very low numbers (two students in the first group and two students in the
second group). No significant difference was observed in the percentage of positive clinical
examinations in the first-year apprentice nurses (52.3%) vs. second–third-year apprentice
nurses (46.2%). The median HECSI score, which assesses the intensity and severity of skin
changes, was 1 in the first group and 0 in the second group, with a statistically significant
difference (p = 0.007). Irritant exposure assessed using the Uter [11] questionnaire showed
significant differences between the two groups, with a median value of 6 (IQR 0–12.5) and
21 (15–29) in the first-year and second–third-year students, respectively (p < 0.001). The IQR
of the first group underlines the fact that first-year students had not started their training.
Transepidermal water loss (TEWL) was assessed in 73 subjects; however, no significant
difference was found between the two subgroups (p = 0.968).
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The COVID-19 pandemic affected the habits of the apprentice nurses (Figure 3b–d):
hand washing increased in both groups, in a smaller amount for the first group and more
in the second–third-year group. The use of alcohol-based sanitizers increased significantly
in both groups, and the perception of skin damage during the pandemic was altered in 42.5
and 60% of the first and second groups, respectively.
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3.2. Factors Associated with Hand Eczema

The HE-associated factors were analyzed using univariate and multivariate logistic
regressions (Table 2). Childhood eczema was the principal factor that predicted HE (OR
2.61, 95% CI 1.18–5.80). Statistical significance was almost achieved when considering the
number of hours per day of glove usage.

Table 2. Factors associated with HE investigated using univariate and multivariate logistic regression
analysis. Associations are reported as odds ratios (ORs) and 95% confidence interval (CI). Statistically
significant data are highlighted in bold.

Factors Univariable OR 95% CI p Value Multivariate OR 95% CI p Value

Age 0.98 0.94–0 0.434 0.98 0.94–1.02 0.472

Sex 1.15 0.60–2.21 0.671 1.13 0.58–2.20 0.709

Hand eczema 1.55 0.82–2.93 0.169

Childhood eczema 2.66 1.20–5.89 0.016 2.61 1.18–5.80 0.018

Glove use y/n 0.98 0.91–1 0.188

Hours per day of
glove use 1.15 0.99–1.32 0.055

Symptoms after
wearing gloves 1.16 0.57–2.39 0.670

Number of hand
washing per day 0.96 0.71–1.3 0.816

Wet time 0.69 0.41–1.16 0.162

Allergy 1.2 0.69–2.22 0.458

Smoking 1.38 0.76–2.51 0.286

Interdigital TEWL 0.99 0.95–1.04 0.968

Hazard exposure 0.98 0.96–1 0.088

TEWL: transepidermal water loss.

4. Discussion

Our study assessed the prevalence and risk factors of HE in apprentice nurses from
vocational schools at Trieste University Hospitals (northeastern Italy) during the COVID-19
pandemic before and after training. The prevalence of hand eczema was slightly higher
after the traineeship, but the difference did not reach statistical significance (17.9 and 21.5%
in first vs. second–third groups, respectively, p = 0.500). The presence of ongoing HE
was reported in the same percentage of the two groups considered (3.6% vs. 3.2% before
and after the traineeship). This prevalence is very low compared with other similar data
among apprentice nurses. A recent study by Sakic et al. (2022) [9] analyzed a group of
apprentice nurses after the traineeship and found a prevalence of HE of 46%, but their
study population was characterized by fifth-year students and a double prevalence of
atopic eczema in childhood, which is one of the most important risk factors for HE.

It is known from the literature that the tendency to develop HE increases with the
duration of exposure to risk factors at work [9,14] and can occur within a few years of
practical work [7,15]. However, we did not find a significant difference between the exposed
and non-exposed students. Although not significant, the prevalence of apprentice nurses
complaining about symptoms related to the use of gloves was higher in the second–third-
year group compared to the first-year group (17.4% vs. 9.8%), probably due to the higher
exposure to glove usage by the second–third-year apprentices during practical training in
vocational school. However, the vast majority complained of non-specific glove-related
symptoms, such as discomfort and itching, while the prevalence of glove-related eczema
was only about 1% in both groups. Filon et al. observed a decrease in glove-related
symptoms among HCWs from 2000 to 2009 due to the introduction of non-powdered latex
gloves for all workers and non-latex gloves for symptomatic or sensitized individuals in
Trieste University Hospitals [16].

On clinical examination of the hands, no statistically significant differences were found
between the two groups; 44 (52.4%) first-year students and 73 (46.2%) of second–third-year
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students had clinically observed skin changes, mostly dryness, on examination. Although
dry skin is a known risk factor for dermatitis [17–19], the majority of our apprentices had
no other clinical signs of HE.

Regarding the severity of HE, the median HECSI was 1 (IQR 0–2) and 0 (IQR 0–1) in
the first and second groups, respectively, implying that the skin had no or mild changes. In
contrast to our findings, half of the apprentice nurses in the study of šakić et al. during the
COVID-19 pandemic had clinically observed HE, with skin mostly affected by erythema,
infiltration, and desquamation of mild to moderate severity [9].

In addition to clinical evaluation, we chose to use TEWL measurements as a tool
to evaluate the compromised barrier function in apparently healthy skin, as it is widely
accepted by several authors [13,15,20]. In both apprentice groups, the observed TEWL
measurements were similar. Overall, our apprentice nurses had low skin susceptibility
to eczema. However, our results differ from those of other studies in several countries
in which apprentices are still at increased risk for OSDs, with an incidence more than
100 times higher than that in cohorts of trained HCWs [5].

The World Health Organization and Centers for Disease Control and Prevention have
repeatedly stressed the importance of preventive behaviors during the COVID-19 pandemic,
such as washing hands with soaps or using sanitizers more frequently. Simultaneously,
increased skin disinfection practices and prolonged usage of PPE have been reported as
risk factors for the development of cutaneous reactions [4]. According to health regulations,
most apprentices studied (91%) reported changes in daily hygiene habits during the pan-
demic, and almost all (96%) reported mild-to-severe differences in their disinfecting routine
with alcohol-based sanitizers. Nevertheless, approximately half of the participants (52%)
felt skin changes, mostly dry and chapped hands, related to COVID-19 hygiene practices,
and only a few complained of flushing and itching. Dry skin has already been reported as
the most frequent skin change observed in HCWs during the pandemic, but the rates of
cutaneous reactions to pandemic preventive hygiene measures reported in the literature
have been much higher, affecting up to 97% of HCWs [21–27].

The lack of consistent self-reported and clinically observed skin changes in our study
on apprentices could indicate a certain degree of the impact of preventive efforts im-
plemented in Trieste University Hospitals since the outbreak of latex allergy more than
20 years ago [16,28,29]. Such efforts include specific training and classrooms that regularly
emphasize skin protection among healthcare personnel. All workers and apprentices were
recommended to (1) use appropriate PPE, preferring those with less irritant and sensitizing
potential and/or combined with cotton undergloves; (2) use alcohol-based sanitizers as
less irritant agents than classical washing with water and soap; and (3) to combine gentle
cleaning that respects the skin pH with the use of emollient creams to reduce skin damage
induced by wet work. When the COVID-19 pandemic started, all HCWs and apprentices
had to use alcohol-based sanitizers to reduce their use of soaps. The effectiveness of the
adopted preventive measures has also been evaluated in HCWs in our hospitals [30].

Finally, factors related to HE were studied using both univariate and multivariate
analyses. A history of childhood eczema was the only factor significantly and positively
associated with HE (OR 2.61, 95% CI 1.18–5.80). This finding confirms that childhood
eczema is an important endogenous risk factor for HE in adulthood [31]. However, we
did not find an association with personal factors, such as sex and age. Conversely, the
literature data report that women, apprentices, and young workers are at increased risk
of developing HE [6]. A distortion regarding sex could be present because approximately
80% of the study participants were female. Moreover, we did not observe an association
between smoking and HE, in contrast to other studies that have recognized smoking as
a behavioral risk factor, which is also associated with the severity or poor prognosis of
eczema itself [32,33]. However, it is possible that our study lacked the power to detect
potential associations due to the small number of apprentices with eczema.

Our study has some limitations related to the small sample size recruited from a single
center in Trieste, northeastern Italy. Another limitation is the lack of information about
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the frequency of use of emollient creams suggested during traineeship. The strengths of
our study include the analysis of apprentice nurses for all three years of vocational school
in Trieste University Hospitals using a standardized questionnaire, a clinical evaluation
performed by medical doctors, and the measurement of TEWL.

5. Conclusions

Altogether, our findings suggest a lower prevalence and severity of clinically observed
and self-reported HE in apprentice nurses at the University of Trieste during the COVID-19
pandemic and no association with work-related habits (duration of wet work, frequency
of hand washing, and glove usage). No significant difference was found between the first
and second–third-year apprentices in terms of skin conditions (also evaluated using TEWL
measurements). Such results might be due to a general low skin susceptibility to develop
eczema in our apprentices with a low prevalence of atopic eczema in childhood but also to
the importance given to skin protection among our HCWs since the apprenticeship. Over
the three years of the vocational education program, 12 h were dedicated to information and
training to increase apprentices’ awareness of occupational exposure and proper preventive
measures, emphasizing health regulations on hand hygiene. In particular, alcohol-based
sanitizers with handwashing with water and soap were recommended, and glove materials
and immunogenic capacities were explained. Furthermore, during the first medical visit,
which every student undertook before beginning the traineeship, subjects at higher risk
(subjects with family or personal atopy, a skin prick test positive for common allergens, or
contact dermatitis) were identified, and an occupational physician further highlighted such
recommendations. Moreover, before the beginning of our study, all recruited students took
a one-hour class in which an occupational physician educated them about hand hygiene,
demonstrating how hand washing and disinfection should be performed, emphasizing the
importance of appropriate moisturizer use. In this context of prevention activities in Trieste
University Hospitals, pandemic hygiene regimens would seem to have had little impact on
skin barrier integrity among our apprentices.
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