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Abstract
Aim: The aim of the study was to analyse the trends of allergy to the 10 most frequent contact allergens and to
assess age- and sex-dependent changes of the trends in  patients examined in 1996-2009. 
Material and methods: 4433 patients underwent patch tests with a set of allergens containing: potassium dichro-
mate, nickel sulfate, cobalt chloride, 4-phenylenediamine, formaldehyde, thiuram mix, mercaptobenzothiazole, bal-
sam of Peru, benzocaine and turpentine. We analyzed the trends of the frequency of sensitization to particular aller-
gens and changes in the average age of the sensitized people. Also a comparison of the frequency of the allergy in
males and females was performed. 
Results: It was found that sensitization to at least one of the 10 tested chemicals was more frequent in females
(42.5%) than in men (30.5%). Allergy to nickel (28.5%) and cobalt (13.6%) prevailed in women, while sensitization
to chromium prevailed among the male patients (13.3%). Men were more frequently allergic to 4-phenylenediamine
and mercaptobenzothiazole than women. Nickel was a more frequent sensitizer among younger women while bal-
sam of Peru, chromates and thiurams were more frequent allergens among older women. 
Conclusions: The analysis of the trend of contact allergy to 10 allergens showed a statistically significant decrease in
prevalence of allergy to chromium, cobalt and formaldehyde and an increase in sensitization to nickel in the investi-
gated group. After Poland accession to the European Union and the accompanying economic changes, the differences
in the overall pattern of allergy in Poland have become less evident, although a few peculiarities are still present.
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Introduction

Allergic contact dermatitis is acquired eczematous der-
matitis, caused by external chemical agents, usually of low
molecular weight (haptens). The frequency of allergic con-
tact eczema in the European Union is approximately 10%
of the general population [1]. The type and frequency of
contact hypersensitivity depend on many factors, espe-
cially the prevalence of allergens in the occupational and
municipal environment, manufacturing process technolo-
gy, automation and mechanization, type and severity of
environmental pollution, habits, use of skin protection
media, as well as on individual susceptibilities of people [2].

The data on this problem from different countries and
regions differ; periodic changes in the frequency of aller-
gy in the same locations are also observed.

Aim

The aim of our study was to evaluate the trends of
sensitization to 10 basic contact allergens in the period
from 1996 to 2009 and assess relevant gender- and age-
related differences.

Material and methods

The study group comprised 4433 patients examined
at the Nofer Institute of Occupational Medicine (NIOM)
in Lodz for suspected allergic skin disease. Patch tests
(the method recommended by the International Contact
Dermatitis Group [3]) with a set of allergens from
Chemotechnique Diagnostics (Sweden) containing,
among others, 0.5% potassium dichromate, 5% nickel sul-
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fate, 1% cobalt chloride, 1% 4-phenylenediamine, 1%
formaldehyde, 1% thiuram mix, 2% mercaptobenzothia-
zole, 25% balsam of Peru, 5% benzocaine and 0.3% tur-
pentine were applied in all subjects. The allergens were
suspended in vaseline, with the exception of formalde-
hyde (water) and turpentine oil (olive oil). The readings
were recorded after 48 h and 96 h, and after 7 days.

We analyzed the trend of the frequency of sensitiza-
tion to individual allergens in the years 1996-2009 and
changes in the average age of the sensitized people. We
also compared the frequency of the allergies in males and
females. Linear regression and Fisher’s exact test were
used in the statistical analysis. The level of significance
was set at p = 0.05.

Results

The study group of 4433 subjects comprised 2959
women (66.7%) and 1474 men (33.3%). Allergy to at least
1 of the 10 allergens was detected in 1709 subjects
(38.6%). Women developed allergy more frequently (1259
– 42.5%) than men (450 – 30.5%) (p < 0.001) (Table 1).

Metals were the major causes of contact allergy.
Hypersensitivity to nickel (28.5%) and cobalt (13.6%) dom-
inated in women; it was also more frequent in them than
in men (p < 0.001), while males were predominantly aller-
gic to chromium (13.3%), more frequently than women 
(p < 0.001). The 4-phenylenediamine (PPD) is statistical-
ly more likely to sensitize men than women (6.4% vs.
4.1%); the same is true about mercaptobenzothiazole

(1.4% vs. 0.5%) (p < 0.001). The frequency of allergy to
balsam of Peru (p = 0.053) and formaldehyde (p = 0.066)
was slightly higher in women than in men.

Mean age of subjects allergic to various chemicals
was compared between women and men (Table 2).

The influence of age on the development of contact
allergy was analyzed. Differences in age of people aller-
gic to different allergens vs. the mean age was found in
women and in the entire group of subjects. Younger
women developed allergy to nickel (p < 0.001), while old-
er women developed sensitivity to the balsam of Peru,
chromium (p < 0.001) and the thiurams (p = 0.001). Age
of men who were allergic to various chemicals did not dif-
fer from the average age of all men with contact allergy.

Moreover, the average age of the allergic women was
compared with that of the allergic men. It was found that
women who developed sensitivity to nickel (p = 0.001),
cobalt (p < 0.001), 4-phenylenediamine (p = 0.003), mer-
captobenzothiazole (p = 0.057) and turpentine (p = 0.018)
were younger than men who developed sensitivity to
those chemicals (Table 2).

We analyzed the trend of the frequency of allergy in
total and to specific allergens in 1996-2009 in males and
females (Figure 1). A statistically significant decrease in
the frequency of allergy to chromium, cobalt and
formaldehyde, and an increase in nickel allergy was found
to occur in the whole group. The frequency of hypersen-
sitivity to chromium, formaldehyde and thiurams in
women dropped, while the frequency of allergy to 
4-phenylenediamine became higher (Figure 2). In men,
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Table 1. Sensitization to common 10 allergens in patients of the Institute of Occupational Medicine in Lodz in 1996-2009

Allergens Women Men Total Value of p

Number of tested Number of tested Number of tested

subjects = 2959 subjects = 1474 subjects = 4433

No. of % No. of % No. of %

allergic allergic allergic

patients patients patients

Allergy to at least 1 of 1259 42.5 450 30.5 1709 38.6 < 0.001
10 allergens

Nickel 844 28.5 111 7.5 955 21.5 < 0.001

Cobalt 403 13.6 140 9.5 543 12.2 < 0.001

Chromium 225 7.6 196 13.3 421 9.5 < 0.001

Formaldehyde 180 6.1 70 4.7 250 5.6 0.066

4-Phenylene diamine 121 4.1 95 6.4 216 4.9 < 0.001

Balsam of Peru 122 4.1 80 5.4 202 4.5 0.053

Thiuram mix 113 3.8 59 4.0 172 3.9 0.77

Mercaptobenzothiazole 14 0.5 21 1.4 35 0.8 0.001

Benzocaine 19 0.6 12 0.8 31 0.7 0.52

Turpentine 15 0.5 8 0.5 23 0.5 0.88
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only decreasing trends in the frequency of sensitization
were noted. The male subjects showed a reduced fre-
quency in their sensitivity to chromium, cobalt and
formaldehyde (Figure 3).

Discussion

Today, there are over 85 000 chemicals in the human
environment. Nearly all of them can be irritants, and more

than 3 700 compounds were identified as contact aller-
gens. In the North America and Western Europe, 12.5% to
40.6% of the population (median: 21.2%) are allergic to
at least one chemical [4].

In total, according to the data from most centres, aller-
gy is caused most frequently by nickel. At the same time,
allergy to chromates, rubber chemicals, formaldehyde,
nickel and resins prevails in groups of patients with occu-
pational dermatitis. Women are more often sensitive than

Trends in allergy to the 10 most frequent contact allergens in patients examined at the Nofer Institute, 
Lodz, Poland in 1996-2009

Table 2. Mean age of patients allergic to 10 common allergens, depending on gender

Allergens Women Value of Men Value of Total Value of Value of p
mean age p mean age p mean age p Comparison

= 40.0 = 43.8 = 41.0 between
genders

Nickel 37.7 < 0.001 41.9 0.16 38.2 < 0.001 0.001

Cobalt 38.7 0.079 44.4 0.60 40.2 0.20 < 0.001

Chromium 43.1 < 0.001 44.6 0.45 43.8 < 0.001 0.18

Formaldehyde 42.4 0.013 43.0 0.60 42.5 0.062 0.68

4-Phenylene diamine 39.5 0.69 45.0 0.36 41.9 0.29 0.003

Balsam of Peru 46.4 < 0.001 46.7 0.054 46.5 < 0.001 0.89

Thiuram mix 43.8 0.001 44.7 0.29 44.1 < 0.001 0.30

Mercaptobenzothiazole 40.6 0.85 48.2 0.097 45.2 0.046 0.057

Benzocaine 47.6 0.007 47.0 0.36 47.3 0.004 0.89

Turpentine 37.3 0.21 47.4 0.41 40.8 0.69 0.018

Chromium (p < 0.001)
Cobalt (p = 0.006)
Nickel (p = 0.023)
4-Phenylene diamine (p = 0.99)
Formaldehyde (p < 0.001)
Thiuram mix (p = 0.071)
Mercaptobenzothiazole (p = 0.28)
Turpentine (p = 0.22)
Balsam of Peru (p = 0.74)
Benzocaine (p = 0.60)
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Figure 1. Trends in allergy to common allergens in the total
study population, 1996-2009 
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Figure 2. Trends in allergy to common allergens in women,
1996-2009
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men (50.2% vs. 29.9%) [5]. Our results are in part consis-
tent with these observations. As in other studies, women
were in general more frequently sensitive than men
(42.5% vs. 30.5%). However, our list of common allergens
is slightly different. In our study, such allergy was caused
by nickel, cobalt, chromium, formaldehyde, para-
phenylenediamine, balsam of Peru and thiuram mix. In
British studies, the list of 10 major allergens comprises
nickel, perfume mix, balsam of Peru, cobalt, para-
phenylenediamine, colophony and neomycin [6]. We have
also noted some differences in the pattern of sensitiza-
tion to individual allergens depending on gender. In our
(NIOM) study, women were sensitive (in the descending
order of frequency) to: nickel, cobalt, chromium, formalde-
hyde; in the British study, the corresponding order was:
nickel, balsam of Peru, cobalt, 4-phenylenediamine. In our
men, chemicals responsible most frequently for the aller-
gy included chromium, cobalt, nickel, 4-phenylenediamine,
while in the British study, the major allergens were: bal-
sam of Peru, nickel, cobalt and thiurams [6].

Implementation, in the European Union, of the Nick-
el Directive (2001), intended to limit the quantities of nick-
el released from metal objects, resulted in some decrease
in the frequency of the sensitivity. In Denmark, in children
aged 0-18, the frequency of the allergy decreased from
24.8% to 9.2% over 12 years; in Germany, there was a drop
in the frequency from 36.7% to 25.8% in women younger
than 30 years during the 9-year follow-up [7, 8]. We have
not noted a decline in the frequency of allergy to that met-
al during the recent 14 years. Instead, there is a slight

upward trend of sensitization in the whole group of study
subjects. In Poland, the Nickel Directive has been valid since
2004 and the effects of its implementation are likely to be
evident only after some time. The fact that the contact
hypersensitivity to nickel primarily concerns young people
has been reported previously [6]. Our results confirm these
observations in relation to both women and men. 

In recent years, in Europe and the United States, the
frequency of allergy to chromates has markedly decreased
[9, 10]. A similar trend is observed in Lodz; however, the
frequency is still higher than in other locations. In the EU,
it is 0.5-1. 7% and about 2-4% in the U.S. [5, 10, 11], while
the corresponding value resulting from the NIOM data is
9.5%. In Scandinavia, the decrease in the allergy to
chromium is due, inter alia, to the inactivation of the sen-
sitizing chromates in cement (for many years the main
source of allergies to chromium). This decrease primarily
relates to men since they perform jobs associated 
with exposure to chromium compounds (bricklayers,
cement/concrete handling workers, painters, welders,
etc.). As a result, in some countries, allergy to chromates
is now even more common in women than in men. Such
observations have been reported by German (sensitiza-
tion of 1.5% in women and 0.7% in men) and Danish (2.5%
vs. 2.4%, respectively) authors [5, 12]. In another analysis
by the same Danish authors, no single case of allergy to
chromium was recorded in men in 2006 [13]. Currently,
they report chromate-tanned leather as the major source
of chromium allergy [14]. In Lodz, allergy to chromates is
still more frequent among men (13.3%) than women
(7.6%), and the typical sources of allergy, such as cement,
varnishes, paints, used lubricants and oils, leather tan-
ning agents and laboratory reagents still prevail.

The frequency of allergy to cobalt decreased signifi-
cantly in men, which is explainable by chromium/cobalt
co-occurrence in cement. As a result of the major decline
in the construction industry in Poland, and in particular
in the prefabricated building construction industry, there
has been a major decrease in exposure to cement, with
the resultant drop in allergy to chromates and the sensi-
tivity to cobalt, which is secondary to the previous hyper-
sensitivity to chromium from the cement. On the other
hand, we do not observe the downward trend of sensiti-
zation to cobalt in women. The sources of allergy to nick-
el and cobalt are similar. Cobalt usually occurs in the same
metal products as nickel and at the moment there is no
downward trend of nickel allergy in Poland. In our mate-
rial, the frequency of allergy to cobalt is much higher than
in the material of other authors. In studies by: Schäfer et
al., it affected 3.4% of women and 1.4% of men in Ger-
many [5]; Thyssen et al. – 0.4% of women and 0.1% of
men in Denmark [13]; Garg et al. – 3.9% of women and
1.9% of men in the UK [6], while the corresponding pro-
portions in our study were 13.6% and 9.5%, respectively.

So far, allergy to formaldehyde has occurred predom-
inantly in the medical staff. In recent years, there has been
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Figure 3. Trends in allergy to common allergens in men,
1996-2009
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a decline in the frequency of the formaldehyde allergies.
It seems reasonable to assume that the decline is linked
to the withdrawal of most of the formaldehyde disinfec-
tant preparations used in health care facilities for cold dis-
infection and replacing them with glutaraldehyde and gly-
oxal. This chemical causes also allergy among the workers
of the textile industry (formaldehyde is a component of
fabric finishing formulations) and metal working indus-
try (formaldehyde and formaldehyde-releasing chemicals
are included as preservatives in coolants used during met-
al cutting). The frequency of formaldehyde hypersensi-
tivity in our material (5.6%) is higher than that reported
by Schäfer et al. [5] in Germany (0.6%) and lower than
that reported by the Finnish authors (6.3%) [11]. This fre-
quency decreases both in women and men.

In the earlier years, thiurams were employed as major
accelerators in the rubber used to manufacture surgical
gloves. Since the late 1990s they have been replaced by
less sensitizing thiocarbamates [15]. Chemical analysis
done in 1992 showed that thiurams were still present in 
4 popular types of gloves [16], while in 2000 – only in one
[17], and in 2002, none of the commercially available sur-
gical gloves contained thiurams [18]. Implementation of
thiocarbamates in the production of rubber caused
a decrease in the frequency of allergy to thiurams. This is
confirmed in reports by Geier et al. [19], Nguyen et al. [10]
and Gibbon et al. [20]. In our material, the decline was
found to occur only in women. In our opinion, this results
from a decreased frequency of allergy to the gloves in
health care facilities that employ more women than men.
In the presented material, allergy affected 3.9% of the sub-
jects; this is a value similar to that obtained in studies per-
formed in the United States (4.6%) [10]. In the European
Union, this frequency is significantly lower (0.1%) [13].

The frequency of allergy to 4-phenylenediamine in the
EU and the US ranges from 1.5% to 6.8% [5, 21]. The fre-
quency in our material (4.9%) is within that range. Fash-
ion for hair colouring, widespread among women and
increasingly popular among men, youths and children, as
well as fashion to apply permanent and temporary tat-
toos has increased allergies, as evidenced by reports from
the UK [22, 23] and Germany [24]. We also observe an
increasing trend of sensitization in women.

Many authors report more frequent sensitivity to 
4-phenylenediamine among women than men, and the
allergies were due to non-occupational agents (hair dyes)
[9]. In our material, the frequency of allergies for many
years has been higher in men than in women [25]. This
indicates a significant contribution of occupational fac-
tors to the development of the hypersensitivity. Allergy to
aromatic amines in men was attributable to contact with
technical black rubber, fuel oil and grease, and the posi-
tive results of patch tests with PPD in most cases result-
ed from the cross-reactivity. In women, the sources of
allergies were typical. The sensitization was primarily
caused by hair dyes.

The average age was lowest in women with allergies
to nickel, while it was highest in those susceptible to ben-
zocaine and balsam of Peru. Age of men allergic to vari-
ous allergens did not differ significantly, while it was high-
est in those sensitized to mercaptobenzothiazole,
benzocaine and balsam of Peru. The sensitization to these
allergens in the elderly people has been reported previ-
ously [26].

The pattern of contact allergy in Poland for several
years has differed significantly from that prevailing in oth-
er countries. After Poland had become a European Union
member state and after the resultant social and economic
transformations, those differences became considerably
less evident, but some peculiarities are still present.
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