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CONTACT DERMATITIS

Emollients in a propanol-based hand rub can
significantly decrease irritant contact dermatitis
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The objective of this study is to determine the effect of emollients in a propanol-based hand rub on
skin dryness and erythema. In this prospective, randomized, controlled, double-blind trial, 35
subjects participated; of them approximately half were atopic (modified Erlanger atopy score >8).
2 propanol-based formulations were tested in a repeated open application test, 1 contained a
mixture of emollients (0.81%, w/w). 2 aliquots of 0.7 ml of each formulation were applied twice
per day over 2 weeks to the cubital fossa of each subject after random assignment of the prepara-
tions. Treatment areas were assessed before each application and 3 days postfinal application by
visual inspection for erythema and dryness according to a standard scale. The sum score over all
assessment time-points served as primary parameter. The mean sum score for erythema and dryness
was significantly lower for the hand rub with emollients (0.8 £ 2.4) in comparison with that for the
hand rub without emollients (1.5 + 3.5; P = 0.022; Wilcoxon signed rank test). A comparison of
the atopic and non-atopic subjects revealed no significant difference for any of the products
(P > 0.05; Mann—Whitney U-test). It is concluded that the addition of emollients to a propanol-
based hand rub can significantly decrease irritant contact dermatitis under frequent-use conditions.
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Hand hygiene in clinical medicine is undergoing a
scientific renaissance in many countries world-
wide. According to the new CDC guideline on
hand hygiene, hands should be washed only when
they are visibly soiled (1). If hands are not visibly
soiled, alcohol-based hand rubs should be used
(1) because they have a broader and faster anti-
microbial efficacy, a better dermal tolerance and
the potential to increase compliance in hand
hygiene (2). Single alcohols (3) and many alcohol-
based formulations are in general well tole-
rated by users (4), but compliance in hand
hygiene remains low (5). Improving compliance
in hand hygiene by 18%, however, has been
shown to significantly reduce nosocomial infec-
tions (6). Some possibilities have been identified
with a potential to enhance adherence in hand
hygiene, such as the dermal tolerance and the
personal perception of a hand rub (7). However,
the most important risk factor for occupational
contact dermatitis in hospital personnel is the
frequent and repeated exposure to irritants such
as water, detergents and disinfectants (1, 8).

Therefore, in the US, it has been recommended
that alcohol-based hand rubs should contain emol-
lients in order to improve dermal tolerance (1).
Commonly used alcohol-based hand rubs usually
have evidence for a good dermal tolerance, e.g. in
repetitive occlusive patch tests (9, 10). Recently, it
could be demonstrated that combined exposure to
detergents and alcohol-based disinfectants does
not lead to enhanced skin irritation as compared
to single application of these irritants (8, 11)
although this was proved for another combination
of irritants (12). Some studies also revealed a better
dermal tolerance of alcohol-based hand rubs con-
taining emollients compared with plain soaps or
antimicrobial soaps (13-16). But the effect of emol-
lients in a propanol-based hand rub on the skin
condition has so far been addressed only in 1 study,
with the user acceptability as the main outcome (17).
Although there is little doubt on the potential
benefits of emollients in a hand rub, its effect
on the prevention of irritant contact dermatitis
has to our knowledge never been shown in a
controlled, randomized, double-blind trial.
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Materials and Methods
Study design

A monocentric, prospective, double-blind, con-
trolled, randomized, clinical trial was performed
using a repeated open application test (ROAT).
The study was conducted in accordance with the
ethical principles that have their origins in the
current version of the Declaration of Helsinki
(52nd  WMA General Assembly, Edinburgh,
Scotland, October 2000). Approval of the ethics
committee of the medical chamber Schleswig-
Holstein was granted (12 May 2004 and 3 June
2004). The study was conducted from 7 June
2004 to 21 June 2004 and sponsored by Bode
Chemie GmbH & Co., Hamburg, Germany.

Participants

A total of 40 subjects were screened. Half of the
volunteers were required to have an atopic pre-
disposition with a modified (without IgE results
and Phadiatop) Erlanger atopy score of >8 (18).
The Erlanger atopy score is a well-established
method to diagnose atopic diathesis incorporat-
ing various anamnestic and clinical minor criteria
of atopy. Although some authors criticize the
individual relevance of its point values in view
of a low positive predictive value in a population
(19), it is very useful to classify panellists regard-
ing their risk to be atopics.

Sample size estimation was performed prior to
the study, based on the computation of one-sided
97.5% confidence intervals for ratio of means. A
sample size of 30 was considered adequate to
achieve a power of 80% for detecting non-infer-
iority of the test to the reference product, based
on the following assumptions: a standard devia-
tion of s = 0.29 in log scale of side differences
with respect to the sum score, equality of both
formulations and a non-inferiority margin of 1.2.
Due to a potential dropout rate of 15%, a total
of 35 subjects were included in the study.

Subjects were included if:

(1) They were Caucasian men or women of
skin type I to IV according to Fitzpatrick
et al. (20).

(2) They were between 18 and 65 years of age.

(3) They signed written informed consent.

(4) They had a negative urine pregnancy test
(female panellists of child-bearing potential).

Subjects were excluded if:

(1) They had active skin diseases, moles, etc. in
the area tested.

(2) They took drugs interfering with the immune
system (e.g. antiphlogistics, corticosteroids,
immunosuppressants or antihistamines).

(3) They had recent intensive UV light expo-
sure (less than 2 weeks).
(4) They had topical therapy in the test region
in the last 2 weeks.
(5) They were insulin-dependent diabetics.
(6) They had a known allergy to the ingredi-
ents of the test products.
(7) They had severe illness on account.
(8) They had psychiatric conditions that might
limit the participation.
(9) They had an infectious disease (e.g. AIDS
or hepatitis).
(10) They had a history of drug or alcohol
addiction in the past 3 years.
(11) They were pregnant or during lactation.
(12) They were known to have poor
compliance.
(13) They had participated in a clinical trial
within the last 30 days prior to the start
of this study.

4 subjects did not meet all of the inclusion criteria
or met 1 of the exclusion criteria and were
excluded. 1 subject was regarded as a reserve
resulting in a total of 35 subjects who began the
study (Fig. 1).

Study preparations

2 hand rubs were used, both based on 45%
propan-2-ol, 30% propan-1-ol and 0.2% mecetro-
nium etilsulfate. 1 product contained a total of
0.81% (w/w) emollients, a mixture of myristyl alco-
hol, glycerol, dexpanthenol, levomenol and lanolin
alcohol. The other did not contain any emollients.
Both hand rubs were manufactured by Bode
Chemie GmbH & Co., Hamburg, Germany, and
randomly assigned a letter A or B for blinding of
the test formulations. Blinding codes were kept
sealed until closure of final database.

Randomization

Allocation of the test products (coded as A and B)
to the left and right cubital fossa was conducted
according to a randomization scheme prepared
at the Department of Statistics and Data
Management at proDERM. Randomization was
performed via randomly permuted blocks of fixed
size using validated software RANCODE 3.6.
Derandomization and unblinding were performed
after closure of the final database.

Repeated open application test

The study was carried out as described previously
(21-24). Each volunteer was treated with both
formulations which were randomly assigned
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Assessed for eligibility (n=40)

Excluded (n=5)
Not meeting inclusion criteria or
| meeting 1 exclusion criteria (n1=4)
Other reasons (n=1)

Randomized (n=35)
(Right or left cubital fossa for
each hand rub)

Allocated to hand rub without
emollients (n=35)
Received allocated
intervention (n=35)

Allocated to hand rub with
emollients (n=35)
Received allocated
intervention (n=35)

Analysed (n=235) Analysed (n=35)

Fig. 1. Flow diagram of the repeated open application test
with two propanol-based hand rubs.

before the first application to the right or left
cubital fossa. Briefly, preparations were applied
twice daily: in the morning at 6 £ 1 hr after the
first application over a period of 14 days (with
exclusion of Saturdays and Sundays). All appli-
cations were performed by a study nurse. An
aliquot of 0.7 ml of the coded test material was
applied and gently massaged into the skin of the
cubital fossa for about 60 seconds. This proce-
dure was repeated once per application so that a
total amount of 1.4 ml was applied per product
application.

Outcomes

The treated skin was assessed visually for
erythema and dryness as key symptoms of irritant
contact dermatitis by a dermatologist. All evalua-
tions were conducted blindly by the same investi-
gator. Visual assessments were performed prior to
the first application and before each application
on days 2, 3,4, 5, 8,9, 10, 11, 12 and 15.

The following scale was used for erythema
[modified from Fitzpatrick et al. (20)]: 0 = none;
0.5 = equivocal erythema; 1 = slight redness,
spotty and diffuse; 2 = moderate uniform redness;
3 = intense redness; 4 = fiery red with oedema.

The following scale was used for dryness:
0 = none; 1 = slightscaling, dryness; 2 = moderate
scaling, dryness; 3 = severe dryness with large
flakes.

The sum score of dryness and erythema over
all assessment times served as the primary out-
come parameter.

Statistical methods

The primary objective of the study was the proof
of non-inferiority of a hand rub with emollients
to a hand rub without emollients based on an
irritation sum score. For analysis, a one-sided
97.5% confidence interval based on Fieller’s
method was computed (25). Type 1 error was
correspondingly prespecified as 0.025, and the
non-inferiority margin was set to a value of 1.2,
implying that a difference of 20% was regarded
as clinically equivalent. In case of proven non-
inferiority, switching to superiority as an addi-
tional end-point was considered as able without
modifications of the type 1 error (26).

Secondary analyses included comparison of
atopic and non-atopic panellists with respect to
both formulations and descriptive presentation of
all safety and tolerability variables.

Data are presented as mean + standard devia-
tion for continuous or quasicontinuous variables
and as absolute and relative frequencies for cate-
gorical data.

Results are presented for the intention-to-treat
(ITT) population, if not otherwise stated. Missing
values in 3 participants were replaced by the
method of Last Observation Carried Forward
(LOCF). All statistical analyses were performed
with the statistical package spss 12.01, including
the computation of Fieller-based confidence inter-
vals, for which a validated hand-written macro was
used.

Results

40 subjects were found eligible and screened initi-
ally. 4 of them did not meet the inclusion criteria
or met 1 of the exclusion criteria. 1 subject served
as a reserve (Fig. 1). A total of 35 subjects com-
menced the study (ITT population). 26 subjects
were female (74.3%), 9 were male (25.7%). The
mean age was 40.1 years. Most volunteers were of
skin type III (40.0%), followed by skin type II
(37.1%), skin type I (14.3%) and skin type IV
(8.6%). The modified Erlanger atopy score was
used to categorize the volunteers into atopics
(score >8 points) and non-atopics (score <8
points). The mean atopy score among 21 atopics
was 11.4 £ 2.2 (range: 8-16.5) and 2.9 £ 2.2
among 14 non-atopics (range: 0-6.5). 3 subjects
were excluded during the study due to protocol
violations (intake of antiphlogistics for 1 panellist
and disinfection of fossa cubitalis for 2 panellists)
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resulting in 32 subjects who finished the study per
protocol population (PP) according to the proto-
col or with only minor deviations.

Score for irritant contact dermatitis

The overall mean sum score for irritant contact
dermatitis among the 35 volunteers was
0.8 £ 2.4 (hand rub with emollients) and
1.5 £ 3.5 (hand rub without emollients). The
difference between the 2 preparations in mean
dryness scores and mean erythema scores became
more obvious in the second week of application
(Figs 2 and 3). Non-inferiority was examined for
the preparation with emollients in comparison
with the hand rub without emollients computing
the upper limit of a one-sided 97.5% confidence
interval for the ratio of means as 0.884. As this
value falls below the prespecified non-inferiority
margin of 1.2, non-inferiority can be concluded.
As this value even falls below 1, it can be addi-
tionally concluded that the preparation with
emollients leads to a significantly lower irritation
sum score. This result is confirmed by a product
comparison with the Wilcoxon signed rank test
(P =0.022).

No significant difference with respect to the
sum score was found between the atopic and
non-atopic subjects for any of the products
(Table 1). 3 single scores of >2 were noticed in
dryness during the study period, 2 of them with
the hand rub without emollients. No single scores
of >2 were noticed in erythema during the study
period with any of the 2 hand rubs.

Adverse events

9 non-serious adverse events were observed in 7
volunteers, all were of mild severity (4 reports of
headache, 3 reports of common cold, 1 report of
tooth pain and 1 report of acute bronchitis).
None of them were considered to be related to
any of the 2 study preparations.
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Fig. 2. Mean dryness score with SD at each assessment
time-point (ITT population). ITT, intention to treat.
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Fig. 3. Mean erythema score with SD at each assessment
time-point (ITT population). ITT, intention to treat.

Discussion

To our knowledge, this is the first presentation to
show that the addition of emollients to a propanol-
based hand rub results in significantly less
dryness and erythema after frequent and open
application. This was true for both, the non-ato-
pic and the atopic test panel. This finding is
particularly important because it provides clear
evidence for an existing recommendation (1).
Compliance in hand hygiene is on average 50%
and considered to be far too low (5). Many fac-
tors have been identified to enhance adherence in
hand hygiene (27). The use of hand hygiene pre-
parations which are well tolerated and well per-
ceived by healthcare workers is 1 key element
(1, 7). Using soap and water has been shown
repetitively to irritate human skin resulting
in occupational contact dermatitis (28, 29).
Standard alcohols, however, are well tolerated
on human skin even without the addition of
emollients (3, 30, 31). Even on preirritated skin,
the damage to the skin, caused by 60% n-propa-
nol and evaluated by measurement of transepider-
mal water loss (TEWL) and skin surface
capacitance, was very low (3). A good dermal
tolerance of a hand rub was shown previously to
be able to enhance compliance in hand hygiene
(13, 32). A rather poor dermal tolerance of an
alcohol-based hand rub, however, may not
improve compliance (33). Increasing the compli-
ance in hand hygiene can significantly reduce the
incidence of nosocomial infections and is therefore
a key parameter in infection control (6).

In the present study, a mixture of various
emollient agents such as myristyl alcohol, gly-
cerol, dexpanthenol, levomenol and lanolin alco-
hol was used. The mixture was able to significantly
prevent both erythema and dryness. The effect on
skin dryness may especially be explained by a
promotion of water retention and by an occlusion
of the stratum corneum (34). Glycerol has been
shown repetitively to increase skin hydration (35,
36). Recent data suggest that glycerol is a major
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Table 1. Study outcomes as mean sum scores with SD

Intention to treat (n = 35)

Per protocol (n = 32)

Hand rub with Hand rub without Hand rub Hand rub without
Outcome emollients emollients with emollients emollients
Erythema 0.5 £ 1.27 0.9 + 191 0.3 + 0.87 0.8 £ 1.76
Atopics 0.5 +£ 1.03 1.1 £ 2.12 0.5 £ 1.05 1.1 £ 2.16
Non-atopics 0.5 £ 1.60 0.7 £ 1.59 0.1 £ 0.29 0.3 £ 0.45
Dryness 0.3 £ 1.20 0.5 £ 1.77 0.1 £ 0.71 0.4 £ 1.56
Atopics 0.2 + 0.87 0.6 £ 1.91 0.2 + 0.89 0.7 £ 1.95
Non-atopics 0.4 £ 1.60 0.4 £ 1.60 0.0 £ 0.00 0.0 £ 0.00
Overall tolerability 0.8 + 2.44 * 1.5 £ 3.50 * 0.5 £ 1.52 % 1.2 £ 3.11%
Atopics 0.7 £ 1.85 1.7 + 3.77 0.7 £ 1.89 1.8 + 3.85
Non-atopics 0.9 £ 3.20 1.1 £ 3.16 0.1 £ 0.29 0.3 £ 0.45

*Significant difference for primary objective between both hand rub formulations.

determinant of stratum corneum water retention
(37). Myristyl alcohol at a higher concentration of
5% (w/v) was found to increase TEWL and to
cause skin irritation as assessed by visual scoring
(38). Dexpanthenol at a high concentration of 5%
is known to have a protective effect against skin
irritation (39-41); however, the concentrations of
myristyl alcohol and dexpanthenol used in our
emollient mixture are much lower (total of all
emollients: 0.81%). If all emollient components
are evaluated together, they may well explain the
observed effect in the ROAT. Mixtures of emolli-
ents are variable in alcohol-based hand rubs. The
best composition and concentration of emollient
agents will also vary according to the type and
concentration of alcohol (ethanol, 1-propanol or
2-propanol).

Alcohol-based hand rubs should contain emol-
lients in a mixture and concentration which pre-
vents dryness and erythema after frequent use.
This can enhance compliance in hand hygiene
by preventing irritant contact dermatitis.
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