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Summary Background. Occupational contact allergy is a common problem in the cleaning
industry.
Objectives. To identify the most frequent occupation-associated allergens and time
trends in contact allergy in female cleaners.
Methods. We analysed the patch test data concerning 803 female cleaners, who
were evaluated for occupational contact dermatitis in 45 dermatological departments
contributing to the Information Network of Departments of Dermatology (IVDK)
from 1996 to 2009. Female patients, except cleaners, with occupational dermatitis
(n = 14 494) and female controls without occupational dermatitis (n = 64 736) patch
tested during this time period formed the control groups.
Results. One hundred and fifty-six (19.4%) cleaners had past or present atopic
dermatitis. Six hundred and fifty-five (81.6%) cleaners suffered from occupational hand
dermatitis. Allergic contact dermatitis was diagnosed in 249 (31%) of the cleaners. As
compared with the control group without occupational dermatitis, female cleaners were
significantly more often sensitized to occupationally relevant allergens such as rubber
additives, especially thiurams [11.6%, 95% confidence interval (CI) 9.1–14.1 vs. 1.5%,
95% CI 1.4–1.6], zinc diethyldithiocarbamate (3.4%, 95% CI 2.1–4.7 vs. 0.4, 95% CI
0.3–0.4), and mercaptobenzothiazole (1.8, 95% CI 0.7–2.9 vs. 0.5, 95% CI 0.4–0.6),
as well as formaldehyde (3.4, 95% CI 2.0–4.7 vs. 1.4%, 95% CI 1.3–1.5). No differences
were seen in patterns of sensitization to occupational allergens in younger (≤40 years of
age) and older (>40 years of age) female cleaners.
Conclusion. Formaldehyde and rubber additives such as thiurams, zinc diethyldithio-
carbamate and mercaptobenzothiazole are occupationally relevant allergens in female
cleaners. Prevention strategies are needed to address the problem.

Key words: allergic contact dermatitis; cleaning industry; disinfectants;
formaldehyde; mercaptobenzothiazole; patch testing; rubber ingredients; thiurams; zinc
diethyldithiocarbamate.

Hand dermatitis is a major problem in the cleaning
industry, and is reported to be present in 10–21% of
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employees (1–6). The main risk factors, besides indi-
vidual susceptibility, are wet work, including frequent
contact with water and detergents, and the need to use
occlusive gloves for long periods of time during cleaning.
Jungbauer et al. give an excellent overview on exposure
in cleaning. In all, 50% of working time in cleaning was
spent in wet work. During a 3-hr observation period,
approximately 70 wet work episodes occurred. Moreover,
the skin was occluded by protective gloves for more than
one-third of the time. However, cleaning personnel also

© 2011 John Wiley & Sons A/S • Contact Dermatitis, 65, 159–166 159



CONTACT ALLERGY IN THE CLEANING INDUSTRY • LISKOWSKY ET AL

had direct skin contact with bathroom, furniture and
kitchen cleaning agents (7). Irritant contact dermatitis
is the major problem, but allergic contact dermatitis is
reported in 21–32% of cases (1–3, 8). In several stud-
ies from the 1980s and 1990s, occupationally related
sensitizations were reported to metal allergens, rubber
chemicals, fragrances, and disinfectants (1–3, 6, 8, 9).

No recent data on sensitization rates and sensitization
profiles, or time trends, for contact allergy in the cleaning
industry are available. In order to give an update on
the most frequent allergens causing allergic contact
dermatitis in female cleaners, and to identify influencing
factors and time trends, we analysed the data of the
Information Network of Departments of Dermatology
(IVDK; www.ivdk.org).

Patients and Methods

The IVDK is a cooperative study group of dermatolog-
ical centres in German-speaking countries (Germany,
Austria, and Switzerland) interested in epidemiological
research in contact allergy. All of them are members of the
German Contact Dermatitis Research Group [Deutsche
Kontaktallergie-Gruppe (DKG)]. The organization, meth-
ods for data collection and processing, quality control,
etc. of the IVDK are described elsewhere (10–15).

For the present analysis, data from 1996 to 2009,
obtained from 61 IVDK patch test clinics, were analysed.
The study group comprised 803 female cleaners patch
tested for investigation of occupational contact dermati-
tis. To allow a comparison of frequencies of sensitization to
allergens of the baseline series, two control groups were
selected, consisting of: group I; female patients except
cleaners with occupational dermatitis (n = 14 494) and
group II; all other female patients without occupational
dermatitis (n = 64 736) patch tested during the study
period. Male cleaners were not considered, owing to the
low numbers of males within the group of cleaners with
occupational dermatitis (n = 68, i.e. 7.8% of 871).

The DKG baseline series was tested in 754 patients
(94% of the study population). The DKG rubber chemical
series was tested in 523 patients (65%), the ointment base
series in 350 patients (44%), the disinfectants series in
507 patients (63%), and the preservative series in 344
patients (43%). Additional test series and specific allergens
were tested according to the patient’s history. Patch test
chambers were applied for 24 hr in 197 patients (25%),
and for 48 hr in 606 patients (75%). Patch test substances
were mainly obtained from Hermal (Reinbek, Germany).
Tests were performed and read according to international
recommendations (16), further refined by the DKG (17).
For this analysis, readings on day 3 (72 hr) were

considered; in a minority of cases, when no reading was
performed on day 3, reactions on day 4 were taken for data
analysis. For characterization of the test population and
the control groups, the MOAHLFA index was used (15).

For comparison of proportions in the different groups
of patients, Fisher’s exact test or the chi-square test were
used, where appropriate. Age-standardized sensitization
rates and 95% confidence intervals (CIs) of the sensiti-
zation rates were calculated. Stratified analysis was per-
formed in female cleaners with occupational dermatitis for
the age groups younger than 40 years (n = 221; 27.5%)
and 40 years or older (n = 582; 72.5%) as compared
with females without occupational dermatitis (control
group II) of the respective age groups below 40 years
(n = 18 648; 28.8%) and 40 years or older (n = 46 088;
71.2%). A p-value below 0.05 was considered to indi-
cate significance. For comparability, patch test data were
standardized by age following the recommendations on
population-adjusted frequency of sensitization (14, 15),
where appropriate. Data analysis was performed with
SAS® software (Version 9.1; SAS Institute, Cary, NC,
USA) at the IVDK headquarters.

Results

MOAHLFA index

The demographic profile (MOAHLFA index) of the test
population and the control group is listed in Table 1.
Owing to the selection criterion of occupational der-
matitis, hand dermatitis frequencies differed significantly
between female cleaners and the control group II with-
out occupational dermatitis (p < 0.0001). Furthermore,
these two groups differed significantly in the proportions

Table 1. Population characteristics of female cleaners and controls
(MOAHLFA index) (15)

Female
cleaners with
occupational

dermatitis
(n = 803)

n (%)

Females
(without

cleaners) with
occupational

dermatitis
(n = 14 494)

n (%)

Female
controls
without

occupational
dermatitis

(n = 64 736)
n (%)

Male (M) 0 (0)∗ 0 (0)∗ 0 (0)∗

Occupational
(O)dermatitis

803 (100)∗ 14 494 (100)∗ 0 (0)∗

Atopic dermatitis (A) 156 (19.4) 4166 (28.7) 11 383 (17.6)
Hand dermatitis (H) 655 (81.6) 11 780 (81.3) 8750 (13.5)
Leg dermatitis (L) 4 (0.5) 80 (0.6) 8479 (13.1)
Face dermatitis (F) 29 (3.6) 968 (6.7) 13 675 (21.1)
Age 40+ years (A) 582 (72.5) 5547 (38.3) 46 088 (71.2)

∗Owing to study group/control group definition.
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of leg (p < 0.0001) and face (p < 0.0001) dermatitis.
The age distribution was significantly (p < 0.0001) dif-
ferent in the study group and control group I (female
non-cleaners with occupational dermatitis): in the study
group, 207 patients (26%) were between 20 and 39 years
of age, and 551 patients (69%) were between 40 and
59 years of age; in control group I, the relative figures
were 53% (7634 patients) and 35% (5102 patients),
respectively.

Reaction frequencies

Five hundred and twenty-three (65%) of 803 patients
reacted positively to at least one allergen. One hun-
dred and eighty-two (23%) reacted to one allergen,
130 (16%) reacted to two allergens, 71 (9%) reacted
to three allergens, and 140 (17%) reacted to four or more
allergens.

Final diagnosis and patch test results

Irritant contact dermatitis (n = 287; 36%) was the most
common diagnosis in female cleaners patch tested for
suspected occupational contact allergy, followed by aller-
gic contact dermatitis (n = 249; 31%). Further diagnoses
were atopic dermatitis (n = 61; 8%), hyperkeratotic der-
matitis (n = 29; 4%), vesicular (dyshidrotic) dermatitis
(n = 41; 5%), nummular dermatitis (n = 7; 1%), and
other dermatoses (n = 129; 16%).

Table 2 shows the standardized sensitization rates and
95% CIs for the most frequent allergens in female cleaners
as compared with both control groups. For the baseline
series allergens, a selection bias by patch test indication
can largely be excluded, as the baseline series was tested
in more than 90% of the patients of both the study
and the control groups. Hence, in contrast to selectively
tested allergens, a valid comparison of age-standardized
reaction frequencies is possible. Allergens tested in less
than 90% of the test population are marked with an
asterisk.

As compared with control group II (female patients
without occupational dermatitis), female cleaners were
significantly more often sensitized to commonly occu-
pationally relevant allergens such as rubber additives,
especially thiurams (11.6%, 95% CI 9.1–14.1 vs. 1.5%,
95% CI 1.4–1.6), zinc diethyldithiocarbamate (3.4%,
95% CI 2.1–4.7 vs. 0.4, 95% CI 0.3–0.4), and mercap-
tobenzothiazole (1.8, 95% CI 0.7–2.9 vs. 0.5, 95% CI
0.4–0.6), as well as formaldehyde (3.4, 95% CI 2.0–4.7
vs. 1.4%, 95% CI 1.3–1.5).

Furthermore, higher sensitization rates were found for
nickel sulfate (28.2%, 95% CI 24.5–31.9% vs. 22.4%,

95% CI 22.0–22.7%) and N -isopropyl-N ′-phenyl-p-
phenylenediamine (1.9%, 95% CI 0.8–3.0 vs. 0.5%, 95%
CI 0.5–0.6).

Concerning other disinfectants such as glutaraldehyde
(CAS 111-30-8; glutardialdehyde) (2.8% vs. 0.7%),
glyoxal (3.7% vs. 0.8%), and benzalkonium chloride
(3.5% vs.0.9%), sensitization rates were higher in
cleaners than in controls without occupational dermatitis.
Comparisons between groups concerning these allergens
must be performed with caution, because of selective
testing (allergens were tested in less than 90% of the test
population), which might have introduced bias (Table 2).

As expected, differences in sensitization rates between
female cleaners and controls from other occupations,
suffering from occupational hand dermatitis, were less
pronounced. Female cleaners showed significantly higher
rates of sensitization to thiurams than controls from other
occupations with occupational dermatitis (11.6%, 95%
CI 9.1.14.1 vs. 8.2%, 95% CI 7.7–8.7). However, sensi-
tization to glutaraldehyde was more common in controls
with occupational hand dermatitis than in cleaners (4.8%,
95% CI 4.3–5.3 vs. 2.8%, 95% CI 1.3–4.2).

Generally (in most allergens), reaction frequencies
among women without occupational dermatitis were
lower than among the two groups of women with occu-
pational dermatitis. This points to less aimed patch testing
(more liberal indication for patch testing) in women with-
out occupational dermatitis. This is also reflected by the
lower proportion of patients with at least one positive
patch test reaction in this group (53%, as compared with
65% in the study group).

No significant differences for the above-mentioned
commonly occupationally relevant allergens were seen
in the sensitization pattern in younger (≤40 years of
age) vs. older female cleaners (>40 years of age). Female
cleaners>40 years of age were significantly less sensitized
to nickel sulfate than younger cleaners (21.7%, 95% CI
18.3–25.5 vs. 34.8%, 95% CI 28.3–41.8). Frequencies
of reactions to all other allergens, where valid compar-
isons were possible, did not differ significantly between
the groups (data not shown).

Discussion

Our study provides a comprehensive overview of patch
test data for employees in the cleaning industry. On anal-
ysis of this large group of cleaners in comparison with
controls, rubber chemicals and disinfectants appeared to
be the most frequent causes of occupationally relevant
allergic reactions. Our findings are highly relevant, as
allergic contact dermatitis is a prominent problem in the
cleaning industry.
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Rubber chemicals

Type IV allergies to rubber chemicals continue to be a
prominent occupational health problem. The most com-
mon allergen sources in wet work occupations are occu-
pationally used gloves (18). The most common sensitizers
in gloves are accelerators such as thiurams, dithiocarba-
mates, and mercaptobenzothiazole derivatives (18, 19).
Relevant concentrations of rubber chemicals residues
were shown to remain in natural and synthetic rubber
gloves after vulcanization (20).

In industrial cleaning, protective gloves are used over
long periods of time during working hours, and there
is therefore prolonged skin contact with rubber chem-
icals (6, 21). Thick, reusable loose-fitting cotton-lined
gloves are commonly recommended for skin protection
in cleaning to prevent contact with aggressive cleaning
products, surface disinfectants, and water. In a study by
Knudsen et al. in 1993, reusable gloves were shown to
release lower amounts of rubber chemicals than single-
use medical gloves (20). However, many cleaners are
supplied only with single-use medical gloves, which con-
tain higher amounts of rubber chemical residues, and also
lead to intensive skin contact with the allergens, owing
to their tight fit. This complex situation might explain the
constantly high rates of sensitization to rubber chemicals
in many cleaners over recent decades (18). In our study
population, 11.6% of female cleaners were sensitized
to thiurams (thiuram mix), 3.4% to zinc diethyldithio-
carbamate, and 2.0% to mercaptobenzothiazole. Female
cleaners had a significantly higher risk of acquiring sen-
sitization to thiurams, zinc diethyldithiocarbamate and
mercaptobenzothiazole than controls without occupa-
tional dermatitis. These data are in accordance with the
findings of Uter et al., who reported a 3.09-fold elevated
risk for cleaners of acquiring sensitization to thiurams
and no significant reduction of the sensitization rates
since 1992 (18). In line with these data, we did not
see significant differences in rubber chemical sensitiza-
tion in cleaners <40 years of age as compared with
cleaners 40 years of age and older. From these data,
it would appear that exposure to rubber chemicals has
not changed substantially over time and gloves contain-
ing high amounts of accelerator residues are still used
in cleaning. Regulations on glove quality, which have
been in place in healthcare for many years, have been
shown to markedly reduce the rates of sensitization to
rubber chemicals in healthcare personnel in different
countries (18, 22–24), and should therefore also work in
the cleaning industry. Preventive strategies would need
to focus on the provision of improved quality, thiuram-
free, reusable cotton-lined gloves to reduce allergen
exposure.

Preservatives and disinfectants

Cleaning agents for occupational and non-occupational
household use often contain preservatives and disinfec-
tants (25–30). Like rubber chemicals, preservatives and
disinfectants are common causes of allergic contact der-
matitis in different occupational and non-occupational
settings (31–35). As with other employees in wet work
occupations, such as healthcare workers and food indus-
try workers, cleaners are prone to sensitization, owing to
daily skin contact with different floor and surface clean-
ers as well as surface disinfectants (6, 33, 34). In our
study population, formaldehyde was the most common
occupationally relevant sensitizer: 3.4% of female clean-
ers were sensitized, as compared with 1.4% of controls
without occupational dermatitis. Other relevant allergens
were glyoxal (3.7%), benzalkonium chloride (3.5%), and
glutaraldehyde (2.8%). Rates of contact sensitization to
formaldehyde and glyoxal in cleaning resembled those
in healthcare workers, probably because of similar expo-
sure (33). From a former IVDK study on occupational
sensitization with more detailed documentation of occu-
pational exposure, we know that, among cleaners with
occupational dermatitis registered in the IVDK, a high
proportion work in hospitals. Moreover, hospital clean-
ers might be more likely to seek dermatological advice
than others, because access to it seems to be easier for
this group of cleaners. Therefore, increased frequencies
of sensitization to formaldehyde, glyoxal, benzalkonium
chloride and glutaraldehyde in cleaners are plausible.
In non-cleaners with occupational dermatitis, sensitiza-
tion to formaldehyde and glutaraldehyde was observed
equally or even more frequently than in cleaners with
occupational dermatitis. This is probably because of the
significant proportion of medical professionals such as
nurses and technical assistants in this group (33). High
sensitization rates might result from the fact that employ-
ees in healthcare, as in cleaning, often use medical
examination gloves for single use (material thickness
approximately 0.1–0.18 mm), not only for patient care,
but also for cleaning and disinfection. These gloves are
certified according to European standard EN 455 1-3 or
EN 374-1, and are therefore suitable only for protection
against infections, and are not resistant to chemicals (36).
Quality tests for these gloves do not include tests for
chemical and mechanical resistance. Glutaraldehyde and
formaldehyde are able to break through gloves made from
natural rubber within a few minutes up to hours, depend-
ing on the material thickness (37–39). In a recent study
on glutaraldehyde-induced and formaldehyde-induced
allergic contact dermatitis in dental hygienists and den-
tal assistants, all glutaraldehyde-sensitized subjects had
worn either single-use rubber latex or vinyl gloves
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for both patient care and disinfection procedures (40).
Mäkalä et al. showed that even surgical gloves, which
appear to be made from thicker materials (0.17–0.3 mm)
than medical examination gloves, showed breakthrough
times for formaldehyde of between 17 and 67 min when
tested according to the American standard ASTM (39).
Material safety data sheets for formaldehyde, glyoxal,
glutaraldehyde, quaternary ammonium compounds and
polymethylurea derivates containing disinfectants rec-
ommend the use of gloves made from nitrile (0.4 mm),
chloroprene (0.5 mm), fluorinated rubber (0.7 mm), or
butyl rubber (0.5 mm) (41, 42). Prevention strategies
should aim at persuading employees to use the above-
mentioned chemical-resistant, protective gloves for these
purposes.

As for rubber chemicals, there were no differences
in rates of sensitization to preservatives/disinfectants
between cleaners <40 years of age and cleaners 40 years
of age and older, indicating that exposure to those aller-
gens had not changed over time. In particular, the persis-
tent high rates of sensitization to formaldehyde in cleaners
might be explained by the frequent use of formaldehyde-
releasing preservatives in cleaning agents (26–28).

Other allergens

Nickel is the most common contact allergen. Commonly,
nickel is a non-occupational allergen. However, our
data indicate that female cleaners (28.2%) and female
controls with occupational dermatitis (29.1%), indepen-
dently of their occupation, had significantly higher rates
of nickel sensitization than women without occupational
dermatitis (22.4%). In different studies, an association
between nickel contact allergy and hand dermatitis was
assumed (43, 44). Especially for female patients suffering
from atopic dermatitis and nickel allergy, a pronounced
increase in the risk of developing hand dermatitis was sus-
pected (45). Recent data of a population-based study in
30–40-year-old females from Sweden could not confirm
this association. No significant differences were shown
between nickel-positive and nickel-negative women con-
cerning the occurrence of hand dermatitis. The authors
conclude that the association between nickel sensitiza-
tion and hand dermatitis might have been overestimated
during the last decades (46). However, in a recently
published small study, Jensen et al. showed that nickel
contamination of the hands in 6 patients with vesicular
hand dermatitis was higher than expected (47). Thus, it
seems possible that low-grade nickel exposure may have
contributed to the development of occupational hand
dermatitis in our patients with current occupational
dermatitis and previously acquired nickel sensitization,

leading to a higher proportion of nickel allergy in these
groups. Age-dependent differences in nickel sensitization
rates in cleaners <40 years of age as compared with
cleaners >40 years of age mirrored the picture in the
female population (48–50).

Conclusions

Female cleaners seem to have a higher risk of developing
occupationally relevant sensitizations to rubber chemicals
and active ingredients in disinfectants. No time trend in
sensitization pattern was found. The presented results
indicate that exposure had not changed substantially, or
prevention strategies been effective so far. Our findings
may help in the elimination of relevant allergens from the
workplace and in the development of targeted primary
and secondary prevention strategies.
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