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Abstract: Irritant contact dermatitis is often found on the hands of healthcare workers and is generally
caused by frequent hand washing, gloves, aggressive disinfectants or detergents. Alcohols have only
a marginal irritation potential, although they may cause a burning sensation on pre-irritated skin.
A burning sensation when using alcohols therefore, suggests that the skin barrier is already damaged.
Two options for hand hygiene are generally available in clinical practice: (1) hand washing with
some type of soap and water or (2) hand disinfection with alcohol-based hand rubs. Most clinical
situations require the use of an alcohol-based hand rub for decontamination, which is especially
useful for reducing the nosocomial transmission of various infectious agents. Washing one’s hands
should be the exception, to be performed only when they are visibly soiled or contaminated with
proteinaceous material, or visibly soiled with blood or other body fluids. The overall compliance
rate in hand hygiene is around 50%, which is far too low. In addition, healthcare workers quite
often wash their hands with soap and water, when they should use an alcohol-based hand rub. This
not only adds to the degree of skin irritation, but is also potentially dangerous for patients, due to
the low efficacy of hand washing when compared to hand disinfection with alcohol rubs. Adhering
to evidence-based hand hygiene protocols and following international guidelines on hand hygiene
practices therefore, can help prevent irritant contact dermatitis among healthcare workers.
Key words: Irritant contact dermatitis, Alcohol-based hand rub, Hand disinfection, Compliance, Prevention,
Hand wash

Introduction
Irritant skin changes are frequently seen in health care
workers (HCW) such as doctors, nurses, midwifes and elderly
care staff. In the following article, we review the risks and
benefits of hand disinfection when compared to hand
washing. The aim is to develop evidence-based procedures
which are safe for the skin of HCW, and which also help
*To whom correspondence should be addressed.

prevent the transmission of nosocomial pathogens by the
hands, as effectively as possible.

Frequency of Occupational Hand Dermatitis
among Healthcare Workers
Hand dermatitis is a classic occupational health problem
for healthcare workers (HCW) in many countries1–3). A far
higher point prevalence of hand dermatitis (for example 17–
30%), can be found among them when compared to the general
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population4). The consequences are serious because many
employees are forced to change their jobs or quit work entirely,
due to hand dermatitis (occupational skin disease). In a
population-based register study of occupational skin diseases
in Northern Bavaria, Germany for example, an annual
incidence rate of 7.3 cases per 10,000 HCW was observed2).

Causes of Occupational Hand Dermatitis due
to Hand Hygiene Measures
Among HCW, the pathogenesis of contact dermatitis is
most frequently an irritant dermatitis, with allergies being
of secondary importance2, 5). Meding and Swanbeck for
example, provided relevant epidemiologic data by
investigating over 1,300 patients with hand dermatitis. 35%
of these patients had irritant hand dermatitis, 22% atopic
dermatitis and only 19% allergic dermatitis6). Besides many
topical preparations such as skin protection and skin care
products, HCW also work with water, gloves, disinfectants
and detergents, which are the most frequent contact
substances7, 8). Contact sensitizations to various ingredients
of detergents and disinfection products has been reported,
as well as to topically applied skin care products used by
the HCW or their patients9, 10). Many nurses complain about
burning sensations following contact with alcohol-based hand
rubs and assume they have an allergy against the product11).
In these cases, allergic patch testing often reveals no
sensitization. An allergy to alcohol-based hand rubs therefore,
can often be neglected5, 12).
Irritation is the most frequent cause of occupational hand
dermatitis13), and is mostly caused by hand washing and work
in occlusion caused by the wearing of gloves14). The potential
for irritation by alcohol-based hand rubs should also be
considered. In a detailed patch test study, it has been shown
that a 60% n-propanol solution (the concentration used in
daily practice) was unable to induce any irritation on healthy
skin15). Even on experimentally pre-irritated skin, propanolinduced damage to the skin (evaluated by measurement of
transepidermal water loss and skin surface capacitance) was
very low. Only for a 100% n-propanol solution, was the
irritation remarkably stronger15). From this, it can be concluded
that the alcohol part (at least n-propanol and ethanol) of alcoholbased hand rubs rarely provokes relevant irritation on intact
skin16, 17), and that—when compared to hand washing with
water and detergents—for most procedures of daily hand
hygiene, alcohol-based hand rubs would be preferred18).
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Table 1. Signs and symptoms of hand dermatitis
Clinical signs

Individual symptoms

Erythema
Xerosis
Infiltration
Fissures
Papules
Vesicles
Exudation
Erosion
Excoriations
Lichenifications
Crusts
Hyperkeratosis

Itching
Burning
Tickling
Pain
Tightening
Smarting

Clinical Symptoms of Occupational Hand
Dermatitis due to Hand Hygiene Measures
Clinical signs and symptoms of hand dermatitis are
polymorphic. An acute dermatitis is characterized by the
presence of erythema, vesicles, exudation and papules,
whereas the chronic stage especially displays lichenification,
xerosis, infiltration, erosion and fissures, as well as crusts
and hyperkeratosis (Table 1). Irritant dermatitis can mostly
be found in the interdigital spaces and on the back of the
hands. However, especially for chronic hand dermatitis when
the whole skin of the hands is involved, it is difficult to
make a definitive diagnose as allergic or irritant.
Symptoms of hand dermatitis include itching, burning,
tickling, pain, tightening and smarting. Especially following
the application of alcohol based hand rubs HCW often
complain about burning sensations. The reason for these
sensations is generally pre-irritated skin. If the skin barrier
is disrupted, e.g. by frequent wet work19–22) alcohol may
penetrate more easily into the epidermis and even into the
dermis. Yet in the epidermis there are interoceptors23–25) which
are stimulated by the alcohol, resulting in a burning sensation,
but not in further irritation 11). The problem of burning
sensations tends to be the pre-irritated skin, leading to an
impaired epidermal barrier, rather than the irritation caused
by alcohol, which is somewhat of an old myth26). The burning
sensation after alcohol application suggests to the user that
their skin barrier is seriously impaired and that measures
regarding secondary prevention should be promptly
instigated.

Pathogenesis of Occupational Hand Dermatitis
In HCW, the predominant mechanisms of irritation are

Industrial Health 2007, 45, 645–652

EVIDENCE-BASED HAND HYGIENE AND IRRITANT HAND DERMATITIS
frequent wet work, work with occlusive gloves and contact
with aggressive surface disinfectants2, 3). Even water on its
own, is a known irritant27), especially with repetitive contact.
Occlusion (e.g. with gloves) may worsen the damage induced
by these irritants. Risk activities lead to a subclinically
impaired skin barrier, before the first clinical irritations (often
in the interdigital spaces) become visible (Figs. 1 and 2)28, 29).
The strongest influence on manifestations of irritant skin
changes is by far the individual’s behaviour. When mild
irritations like hand washing are affecting the skin frequently,
the regenerating mechanism can no longer maintain a
sufficient barrier30). The skin barrier becomes more and more
disrupted and further irritation may occur more easily.
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Fig. 1. Early clinical signs of interdigital eczema.
Slight erythema and superficial scaling in the interdigital spaces.

Types of Hand Hygiene Procedures
Two principal options are available: (1) hand washing
with plain or antimicrobial soap and water, or (2) hand
disinfection with an alcohol-based hand rub. It is important
to understand that in clinical practice each type of hand
hygiene procedure has clear indications31).
• A hand wash with plain or antimicrobial soap should
be performed when hands are visibly dirty or
contaminated with proteinaceous material or are visibly
soiled with blood or other body fluids (category of
evidence: IA).
• A hand disinfection should be performed if the hands
are not visibly soiled for routinely decontaminating
hands (category of evidence: IA). The most important
clinical situations for hand disinfection are described
in Table 2.
The categorization of each recommendation is based on
current CDC / HICPAC guidelines which are based on
existing scientific data, theoretical rationale, applicability,
and economic impact (Table 3)31). It is evident that an alcoholbased hand rub should be used in the vast majority of clinical
situations requiring decontamination of hands. In some
countries, the development towards alcohol-based hand rubs
was partly accelerated by the emergence of antibiotic-resistant
bacteria such as MRSA and VRE, because commonly used
agents like chlorhexidine gluconate were found to be largely
ineffective against them32–34). Washing hands should be the
exception. In clinical practice, however, the proportions of
hand washing among all hand hygiene procedures is probably
far higher than it should be35). This may be due to our
education, because starting as a child, most people are trained
to wash our hands when they are dirty. For HCW however,

Fig. 2. Full clinical picture of interdigital eczema.
Strong widespread erythema, infiltration, rhagades, erosions and crusts.

it is important to understand that hands contaminated with
microbes need disinfection, not just washing.
In their daily routine, HCW are exposed to both the
washing of hands and disinfection with alcohol-based hand
rubs. If the epidermal barrier is disrupted and alcohol causes
a burning sensation during use, this is often interpreted by
the user as the “aggressiveness” of the alcohol-based hand
rub. As a logical consequence, users often reduce their
reliance on the alcohol-based hand rub and thus try to
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Table 2. Indications for hand disinfection with the attributed category of evidence,
according to CDC guidelines for hand hygiene31)
Before

After

Having direct contact with patients (IB)

Contact with body fluids or excretions,
mucous membranes, non-intact skin, and
wound dressings if hands are not visibly
soiled (IA)

Donning sterile gloves when inserting
a central intravascular catheter (IB)

Contact with a patient’s intact skin (e.g.
when taking a pulse or blood pressure,
and lifting a patient) (IB)

Inserting indwelling urinary catheters,
peripheral vascular catheters, or other
invasive devices that do not require
a surgical procedure (IB)

Removing gloves (IB)

Coming to a clean body site during patient
care when coming from a contaminated
body site (II)

Contact with inanimate objects (including
medical equipment) in the immediate
vicinity of the patient (II)

Table 3. Description of the categories of evidence, adapted from31)
Category of evidence

Description of category

IA

Strongly recommended for implementation and strongly
supported by well-designed experimental, clinical, or
epidemiologic studies.

IB

Strongly recommended for implementation and supported
by certain experimental, clinical, or epidemiologic studies
and a strong theoretical rationale

IC

Required for implementation, as mandated by federal or
state regulation or standard

II

Suggested for implementation and supported by suggestive
clinical or epidemiologic studies or a theoretical rationale

compensate with increased hand washing36). Unfortunately,
this often leads to increasing barrier disruption, which passes
for a while unnoticed, but will often lead to clinically relevant
hand dermatitis. A vicious circle is then initiated which
may lead not only to severe hand dermatitis, but in several
cases, also to occupational disability.

Prevention of Occupational Hand Dermatitis
There are several measures to prevent such a severe course
of events. The most effective one is primary prevention37),
which can be differentiated by collective and individual
measures. In addition, secondary prevention also has its
place38). The development of low irritant disinfectants (like
alcohol-based hand rubs) is a classical collective measure

of prevention, a part of the creation of a safe occupational
environment. The correct use of hand disinfectants is a
classical part of individual prevention measures39) and should
be learned during professional training (e.g. in nursing
schools) 40). For preventive aspects, it is unlikely that
irritations like hand washing are avoided completely, as in
most cases, a reduction of the duration and frequency of
washing is sufficient41). In addition, the extensive replacement
of skin irritating behaviour such as hand washing, with less
irritating measures such as alcohol-based hand rubs, is highly
recommended. Even individuals with problematic
preconditions (atopic constitution, earlier hand dermatitis)
may benefit from a curriculum of regular skin care using
appropriate disinfection behaviour.
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Compliance in Hand Hygiene
Compliance in hand hygiene has so far mainly been
addressed in the scientific community as the overall
compliance rate. This approach, however, does not determine
if an appropriate hand hygiene procedure was actually
performed in a specific clinical situation, or if the hand
hygiene procedure was performed correctly42). A more
distinct approach to compliance is therefore necessary, and
will increase awareness for evidence-based hand hygiene,
which can be a large step towards the prevention of irritant
contact dermatitis. Compliance in hand hygiene can be
divided on three different levels:
• Overall compliance rate: There is no distinction between
hand wash and hand disinfection. The number of
performed hand hygiene procedures is in the numerator,
the number of clinical situations in which a hand hygiene
procedure should be performed is in the denominator.
This evaluation allows one to assess if any type of hand
hygiene procedure was done. It does not permit
assessment if the correct hand hygiene procedure was
done, or if the performed hand hygiene procedure was
carried out correctly. The overall compliance rate in
hand hygiene is around 50%12).
• Specific compliance rate: Hand wash and hand
disinfection are distinguished. The number of performed
hand wash (or hand disinfection) procedures is in the
numerator, the number of clinical situations in which
a hand wash (or hand disinfection) procedure should
be performed is in the denominator. This evaluation
allows to assess if the correct type of hand hygiene
procedure was performed (e.g. a hand disinfection was
performed when it should have been performed) or if
the wrong type of hand hygiene procedure was done
(e.g. a hand wash was done instead of a hand
disinfection). It does not allow to assess if the performed
hand hygiene procedure was carried out correctly. As
far as we know this evaluation has never been done in
clinical practice. But data obtained by observation of
HCW indicate that almost 50% of all hand hygiene
procedures in clinical practice are hand washes12). This
proportion is probably too high indicating that HCW
wash their hands even if a hand disinfection would have
been the correct hand hygiene procedure34).
• Correct performance of hand hygiene procedure: This
evaluation can be done for both hand wash and hand
disinfection. The number of correctly performed hand
wash (or hand disinfection) procedures is in the
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numerator, the total number of hand wash (or hand
disinfection) procedures is in the denominator. A short
hand wash with a mild soap and cold water followed
by a final rinse to remove residual soap would be
classified as a correctly performed hand wash procedure.
A long hand wash with hot water and a brush would be
classified as an incorrectly performed hand wash
procedure.
The most important challenge in hand hygiene is to
increase the overall compliance rate of hand hygiene
measures, which will in turn, result in a reduction of the
rate of nosocomial infections for substantial patient benefit12).
But the compliance rate can only be raised if the HCW is
not reluctant to perform hand hygiene procedures, e.g. due
to irritant contact dermatitis on the hands43). That is why in
future it will be crucial to teach healthcare workers that for
routinely decontaminating hands, a well formulated alcoholbased hand rub should be used instead of washing hands.
Most clinical situations require a hand disinfection procedure
for the benefit of the patient (Table 2). If, for example, a
hand wash is performed before inserting a urinary catheter,
it would have to be classified as the wrong hand hygiene
procedure in this particular situation. Improving the specific
compliance in hand hygiene may require a complete change
of habit among healthcare workers especially in countries
where hands have traditionally been washed, and alcoholbased hand rubs are not routinely used in patient care. The
HCW will benefit as the risk for irritant contact dermatitis
will be reduced if hands are washed less frequently. Regular
teaching would be one of the most important measures in
the prevention of irritant contact dermatitis3, 19, 40, 44). The
most important facts regarding hand disinfection in the daily
routine are:
• When hands are washed, hot water and brushes should
be avoided36). A short (e.g. 10 to 15 s) but thorough
hand wash with cold or hand-warm water is usually
sufficient31).
• When decontaminating hands with an alcohol-based
hand rub, the preparation should be applied to dry hands.
A specific rub-in procedure should be followed to ensure
that all parts of the hand are covered. Hands should
not be washed following hand disinfection.
• Surgical hand disinfection should be performed without
routine hand washing unless hands are visibly soiled
or before the first surgery of the day. If hands need to
be washed it should be done ideally 10 min or more
before the application of an alcohol-based hand rub45).
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For all following surgical procedures, hand washing
should be avoided and only hand disinfection should
be performed.

It is essential to teach healthcare workers how a hand
hygiene procedure is performed correctly. Teaching should
be performed during job training (nursing and medical
students) as well as in regular intervals during working
practice40). Knowledge regarding irritation and irritants
(actual irritants in a given working environment, advantages
of alcohol-based hand rubs against hand washing) must be
stressed and especially, all possibilities for individual means
of prevention (protection by gloves and clothes, barrier
creams, correct skin cleansing) should be considered46).
Overall it may be wise to encourage infection control
departments and occupational medicine departments together,
with the aim to develop an institutional program for evidencebased hand hygiene in hospitals.

The Role of Skin Care
It is recommended in the CDC guidelines for hand hygiene
that healthcare workers have access to hand lotions or creams
with the aim to minimize the occurrence of irritant contact
dermatitis associated with hand hygiene (category IA)31).
Skin care lotions and creams should be used between hand
hygiene procedures especially at the end of a shift. Older
skin may require more intensive skin care. Hands should
be dry before gloves are put on. Gloves should be worn
only as long as necessary. In general, a 3-step concept
(consisting of skin protection before work, cleaning and skin
care after work) is recommended to prevent occupational
contact dermatitis9).

Practical Principles to Select a Soap and to
Select an Alcohol-Based Hand Rub
A mild non-alkaline plain soap should be the first choice36).
Antimicrobial soaps often contain chlorhexidine digluconate
or triclosan as active agents. They have some antimicrobial
activity12). This advantage over plain soap is countered by
a higher risk of skin irritation and acquired bacterial
resistance, especially among gram-negative bacteria 12).
Antimicrobial soaps are equally recommended as plain soap
for washing hands indicating that the evidence in favour of
antimicrobial soaps is rather weak31).
Alcohol-based hand rubs should fulfil the relevant efficacy
requirements 47) and be a formulation that includes
emollients31, 48, 49). Lack of emollients may lead to dryness

of skin and may impair compliance. A well-formulated
preparation may even increase skin hydration50). Especially,
the subjective assessment of the emollient effect may reveal
considerable differences51). The hand rub should have only
a minimal risk of skin irritation and sensitisation52). Finally,
the user acceptability influenced by factors like smell, skin
feeling after application and speed of dryness53) may be a
key factor irrespective of other objective factors. Gels should,
in addition, be assessed for tackiness and built up53, 54).

Conclusions for Clinical Practice
The use of well formulated alcohol-based hand rubs should
become routine for the post contamination treatment of hands
among healthcare workers. Washing hands with soap and
water should be a rare exception, to be used only when hands
are visibly soiled. This change of habit can help reduce
irritant contact dermatitis and will, at the same time, provide
significant patient benefits by reducing the risk of nosocomial
infections. A more aggressive focus on the teaching of
evidence-based hand hygiene practices is likely to be the
key for future success in this respect.

References
1) Smit HA, Coenraads PJ (1993) A retrospective cohort study
on the incidence of hand dermatitis in nurses. Int Arch Occup
Environ Health 64, 541–4.
2) Dickel H, Kuss O, Schmidt A, Kretz J, Diepgen TL (2002)
Importance of irritant contact dermatitis in occupational skin
disease. Am J Clin Dermatol 3, 283–9.
3) Stingeni L, Lapomarda V, Lisi P (1995) Occupational hand
dermatitis in hospital environments. Contact Dermatitis 33,
172–6.
4) Smit HA, Burdorf A, Coenraads PJ (1993) Prevalence of
hand dermatitis in different occupations. Int J Epidemiol 22,
288–93.
5) Schnuch A, Uter W, Geier J, Frosch PJ, Rustemeyer T (1998)
Contact allergies in healthcare workers. Results from the
IVDK. Acta Derm Venereol 78, 358–63.
6) Meding B, Swanbeck G (1990) Epidemiology of different
types of hand eczema in an industrial city. Acta Derm Venereol
(Suppl 153), 1–43.
7) Mené T, Maibach HI (Eds.) (2000) Hand eczema, 2nd Ed.,
CRC Press, Boca Raton.
8) Zhai H, Maibach HI (Eds.) (2004) Dermatotoxicology, 6th
Ed., CRC-Press, Boca Raton.
9) Mahler V (2007) Skin protection in the healthcare setting.
Curr Probl Dermatol 34, 120–32.
10) Schnuch A, Uter W, Geier J, Frosch PJ, Rustemeyer T (1998)
Contact allergies in healthcare workers. Results from the
IVDK. Acta Derm Venereol 78, 358–63.

Industrial Health 2007, 45, 645–652

EVIDENCE-BASED HAND HYGIENE AND IRRITANT HAND DERMATITIS
11) Lübbe J, Ruffieux C, Perrenoud D (2000) A stinging cause
for preventive skin care. Lancet 356, 768–9.
12) Kampf G, Kramer A (2004) Epidemiologic background of
hand hygiene and evaluation of the most important agents
for scrubs and rubs. Clin Microbiol Rev 17, 863–93.
13) Dickel H, Kuss O, Schmidt A, Kretz J, Diepgen TL (2002)
Importance of irritant contact dermatitis in occupational skin
disease. Am J Clin Dermatol 3, 283–9.
14) Jungbauer FH, Lensen GJ, Groothoff JW, Coenraads PJ (2004)
Exposure of the hands to wet work in nurses. Contact
Dermatitis 50, 225–9.
15) Lübbe J, Ruffieux C, van Melle G, Perrenoud D (2001)
Irritancy of the skin disinfectant n-propanol. Contact
Dermatitis 45, 226–31.
16) Löffler H, Kampf G, Schmermund D, Maibach HI (2007)
How irritant is alcohol? Br J Dermatol 157, 74–81.
17) Kampf G, Wigger-Alberti W, Wilhelm KP (2006) Do atopics
tolerate alcohol-based hand rubs? A prospective, controlled,
randomized double-blind clinical trial. Acta Derm Venereol
86, 140–3.
18) Widmer AF (2000) Replace hand washing with use of a
waterless alcohol hand rub? Clin Infect Dis 31, 136–43.
19) Elsner P (1994) Irritant dermatitis in the workplace. Dermatol
Clin 12, 461–7.
20) Nilsson E, Bäck O (1986) The importance of anamnestic
information of atopy, metal dermatitis and earlier hand eczema
for the development of hand dermatitis in women in wet
hospital work. Acta Dermatol Venereol 66, 45–50.
21) Meding B (2000) Differences between the sexes with regard
to work-related skin disease. Contact Dermatitis 43, 65–71.
22) Schwanitz HJ, Uter W (2000) Interdigital dermatitis: sentinel
skin damage in hairdressers. Br J Dermatol 142, 1011–2.
23) Lauria G (1999) Innervation of the human epidermis. A
historical review. Ital J Neurol Sci 20, 63–70.
24) Johansson O (1995) The innervation of the human epidermis.
J Neurol Sci 130, 228.
25) Guidry G, Landis SC, Davis BM, Albers KM (1998)
Overexpression of nerve growth factor in epidermis disrupts
the distribution and properties of sympathetic innervation
in footpads. J Comp Neurol 393, 231–43.
26) Boyce JM (2000) Using alcohol for hand antisepsis: dispelling
old myths. Infect Control Hosp Epidemiol 21, 438–41.
27) Tsai TF, Maibach HI (1999) How irritant is water? An
overview. Contact Dermatitis 41, 311–4.
28) Uter W, Gefeller O, Schwanitz HJ (1995) Frühe irritative
Hautschädigung bei Frisörlehrlingen. Hautarzt 46, 771–8 (in
German).
29) Schwanitz HJ, Uter W (1996) Interdigitalraumekzem. In:
Neue Wege zur Prävention—Paradigma Friseurekzem,
Schwanitz HJ, Uter W and Wulfhorst B (Eds.), 151–8,
Universitätsverlag Rasch, Osnabrück.
30) Malten KE (1981) Thoughts on irritant contact dermatitis.
Br J Dermatol 7, 238–47.
31) Boyce JM, Pittet D (2002) Guideline for hand hygiene in
health-care settings. Recommendations of the healthcare

32)

33)

34)

35)

36)

37)
38)

39)
40)

41)

42)

43)
44)
45)

46)
47)

651

infection control practices advisory committee and the
HICPAC/SHEA/APIC/IDSA hand hygiene task force.
MMWR - Morbidity & Mortality Weekly Report 51, 1–45.
Guilhermetti M, Hernandes SE, Fukushigue Y, Garcia LB,
Cardoso CL (2001) Effectiveness of hand-cleansing agents
for removing methicillin-resistant Staphylococcus aureus
from contaminated hands. Infect Control Hosp Epidemiol
22, 105–8.
Huang Y, Oie S, Kamiya A (1994) Comparative effectiveness
of hand-cleansing agents for removing methicillin-resistant
Staphylococcus aureus from experimentally contaminated
fingertips. Am J Infect Control 22, 224–7.
Kampf G, Höfer M, Wendt C (1999) Efficacy of hand
disinfectants against vancomycin-resistant enterococci in
vitro. J Hosp Infect 42, 143–50.
Pittet D, Hugonnet S, Harbarth S, Monronga P, Sauvan V,
Touveneau S, Perneger TV (2000) Effectiveness of a hospitalwide programme to improve compliance with hand hygiene.
Lancet 356, 1307–12.
Kampf G, Löffler H (2003) Dermatological aspects of a
successful introduction and continuation of alcohol-based
hand rubs for hygienic hand disinfection. J Hosp Infect 55,
1–7.
Löffler H, Effendy I (2002) Prevention of irritant contact
dermatitis. Eur J Dermatol 12, 4–9.
Weisshaar E, Radulescu M, Bock M, Albrecht U, Diepgen
TL (2006) Educational and dermatological aspects of
secondary individual prevention in healthcare workers.
Contact Dermatitis 54, 254–60.
Pittet D (2000) Improving compliance with hand hygiene in
hospitals. Infect Control Hosp Epidemiol 21, 381–6.
Löffler H, Bruckner T, Diepgen T, Effendy I (2006) Primary
prevention in health care employees: a prospective
intervention study with a 3-year training period. Contact
Dermatitis 54, 202–9.
Lachapelle JM (2001) Principles of prevention and protection
in contact dermatitis (with special reference to occupational
dermatology). In: Textbook of contact dermatitis, Rycroft
RJG, Menné T, Frosch PJ and Lepoittevin JP (Eds.), 979–
93, Springer, Berlin.
Kampf G, Widmer AF (2006) Compliance with application
time in surgical hand disinfection. Infect Control Hosp
Epidemiol 27, 996–8.
Kampf G (2004) The six golden rules to improve compliance
in hand hygiene. J Hosp Infect 56 (Suppl 2), S3–5.
Wigger-Alberti W, Elsner P (1997) Preventive measures in
contact dermatitis. Clin Dermatol 15, 661–5.
Hübner N-O, Kampf G, Löffler H, Kramer A (2006) Effect of
a 1 minute hand wash on the bactericidal efficacy of consecutive
surgical hand disinfection with standard alcohols and on skin
hydration. Int J Hyg Environ Health 209, 285–91.
Pittet D (2001) Improving adherence to hand hygiene practice:
a multidisciplinary approach. Emerg Infect Dis 7, 234–40.
Rotter ML (2004) European norms in hand hygiene. J Hosp
Infect 56 (Suppl 2), S6–9.

652
48) Rotter ML, Koller W, Neumann R (1991) The influence of
cosmetic additives on the acceptability of alcohol- based hand
disinfectants. J Hosp Infect 18 (Suppl B), 57–63.
49) Kampf G, Wigger-Alberti W, Schoder V, Wilhelm KP (2005)
Emollients in a propanol-based hand rub can significantly
decrease irritant contact dermatitis. Contact Dermatitis 53,
344–9.
50) Kampf G, Muscatiello M, Häntschel D, Rudolf M (2002)
Dermal tolerance and effect on skin hydration of a new
ethanol-based hand gel. J Hosp Infect 52, 297–301.
51) Kramer A, Bernig T, Kampf G (2002) Clinical double-blind
trial on the dermal tolerance and user acceptability of six

G KAMPF et al.
alcohol-based hand disinfectants for hygienic hand
disinfection. J Hosp Infect 51, 114–20.
52) Kampf G, Muscatiello M (2003) Dermal tolerance of Sterillium,
a propanol-based hand rub. J Hosp Infect 55, 295–8.
53) Kampf G, Rudolf M, Labadie J-C, Barrett SP (2002) Spectrum
of antimicrobial activity and user acceptability of the hand
disinfectant agent Sterillium Gel. J Hosp Infect 52, 141–7.
54) Harbarth S, Pittet D, Grady L, Zawacki A, Potter-Bynoe G,
Samore MH, Goldman DA (2002) Interventional study to
evaluate the impact of an alcohol-based hand gel in improving
hand hygiene compliance. Pediatr Infect Dis J 21, 489–95.

Industrial Health 2007, 45, 645–652

