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Epidemiology of contact allergy: an estimation of
morbidity employing the clinical epidemiology and
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Clinical epidemiology (CE) is considered unable to estimate morbidity concerning either contact
sensitization (CS) or allergic contact dermatitis (ACD) at the population level. Drug-utilization
research (DUR) methods estimate the morbidity of suitable diseases based on prescription data
for disease-specific drugs. Our objective was to estimate population figures for incidence and preva-
lence of ACD and CS based on sales data for patch test material in Germany and on patient data
from the Information Network of Departments of Dermatology (IVDK). Approximately 600,000
standard series are sold per year in Germany, according to the 2 main manufacterers. This raw
sales figure was corrected for certain effects (discarded preparations, proportion of formerly patch-
tested patients, proportion of patients with ACD seeking medical advice) to obtain an estimate of
the denominator of patients eligible for patch testing annually, and combined with patch test
results from the Information Network of Departments of Dermatology (IVDK). In 17.8% (of
9,266 IVDK patients) ACD was established. Extrapolated to the general population, an incidence
of ACD of between 1.7 and 7 per 1000 per year was estimated, depending on whether conservative
or more liberal assumptions concerning the above effects were made. Of 78,067 IVDK patients
tested between 1992 and 2000, 46.8% had at least 1 positive reaction (+ to + + +), and 22.7% had
at least 1 stronger positive reaction (+ + or + -+ +).The 9-year prevalence of CS was estimated to
lie between 4.0% and 16.6% for the first outcome, and between 2.0% and 8.1% for the second.
Concerning single allergens, 1.9-4.5 million individuals are probably sensitized to nickel, and 1.4-
3.4 million to fragrance mix among the German population of 82 million inhabitants. The mor-
bidity data found in this study are in good accordance with data from population-based epidemio-
logical studies. In comparison to these, the CE-DUR approach seems to be an economically feas-
ible method to estimate continuously the population impact of ACD and CS.
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Both contact sensitivity (CS) and its clinical mani-
festation, allergic contact dermatitis (ACD), have
been the subject of epidemiological studies (re-
views 1-3). These can be divided into 2 categories:
population-based and patient-based (4, 7). Popula-
tion-based studies on contact dermatitis yield re-
sults on the frequency of hand eczema (various
causes) in the general population (5) or in occu-
pationally defined subgroups (6, 7), on the fre-
quency of contact dermatitis irrespective of etiol-
ogy or site (8), and, more rarely, on the frequency
of allergic contact dermatitis (9). Recently, sensit-
ization to the most common contact allergens has
been studied in the general population (10-14).

However, in the field of CS and ACD, clinical
epidemiology, i.e. studies using epidemiological
methods in a clinical population of patients, has
been the preferred method (4) to obtain infor-
mation on the most important allergens or sub-
groups at risk (15, 16).

Generally, the results of clinical epidemiology
cannot be generalized directly to the general popu-
lation: although acknowledged to give valuable
hints on the impact of certain allergens (17, 18)
clinical epidemiology is considered to be unable to
estimate morbidity concerning either CS or ACD
in the general population (19).

For some years, a new method has been increas-
ingly preferred above others to estimate the fre-
quency of a disease in the general population,
namely drug-utilization research (DUR). Drug-
utilization is formally defined by the WHO as:
‘The marketing, distribution, prescription and use
of drugs in a society, with special emphasis on the
resulting medical, social and economic conse-
quences’ (20). The number of diseased persons is
calculated based on specific drug consumption
(sales and defined daily drug dose per person),
data which are delivered by, for example, phar-
macy databases (21). This approach is best applied
to study patients taking drugs exclusively used to
treat one single disease, like epilepsy (22).

The DUR approach can, in principle, be applied
not only to the therapeutic background, but also
to diagnostics, if (i) similar data on consumption
(application) are available and (ii) additional as-
sumptions concerning several factors (see below)
are made. Thus, we have applied the DUR meth-
odology to obtain estimates of ACD and CS mor-
bidity, and the prevalence of contact sensitization
to important allergens in the standard series, re-
spectively, and present the first results in this paper.

Materials and Methods

Several heterogeneous sources of data have been
used for the expansion of the DUR approach (CE-

DUR), namely sales data for commercial patch
test material suppliers, patch test data, demo-
graphic data, and relevant scientific literature.

Sales data

The numbers of patch test sets of the standard
series were supplied by the 2 main manufucterers
in Germany (Hermal/Trolab, Reinbek, and Hal/
Brial, Greven). In total, patch test material suf-
ficient to test approximately 600,000 patients was
sold in 1999, assuming 100 applications per sy-
ringe. This figure was stable in the preceding
years, except for the period of 1990-1994, when
the number was higher (around 1 million). How-
ever, as financial incentives in the beginning of
the nineties rather than medically motivated ap-
plication were suspected to have caused this
peak, the conservative annual sales number of
600,000 for the whole study period of 9years
(1992-2000) was chosen.

Patch test data

Methods and previous results of the IVDK have
been reported (17, 18). Briefly, patch test results
and a standardized patient history, including final
diagnosis, are transferred from the dermatological
departments participating in the IVDK to the data
centre in Gottingen. For the calculation of a 9-year
period prevalence of sensitization to allergens of
the standard series, we used data accumulated be-
tween 1992 and 2000. For the calculation of ACD,
cumulative incidence data collected in 1999 were
used. Cases of ACD were defined as follows: a final
diagnosis ‘allergic contact dermatitis’ (based on
the sensitization diagnosed, the clinical picture and
the relevance of the sensitization) and a positive (at
least +) reaction to at least 1 of the standard series
allergens.

Model factors and underlying assumptions (Fig.1)

First of all, the proportion of patch test prepara-
tions which were purchased by dermatologists, but
discarded rather than applied, is estimated to
range between 10% and 20%, following the experi-
ence of a local patch test clinic at Gottingen. Thus,
the number of patients actually patch tested will
correspondingly be lower (Fig.1).

The sales figures do not reflect the absolute num-
ber of diseased people: it was found that only 15—
38% of patients with contact dermatitis in general
seek medical consultation at all (6, 23, 24). Thus,
to estimate the number of persons with suspected
ACD eligible for patch testing, the number of pa-
tients patch tested per year estimated from the
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Estimation of the denominator
in the CE-DUR approach

sold patch test/ year

discarded tests 15% (10 - 20%)

actually applied tests

previously tested 20% (10 - 38%)

1%t time patch tests

dermatological consultation 30% (15 - 38%)

Correction factors (sum):

1.31 {model |l -best case scenario)
2.27 (model Il -medium case sceanrio)
5.40 (model | - worst case scenario)

786 000

Madel Il

possible ACD, eligible
for patch testing/year

1 360000

Model IIl
Moadel |

3 240000

Fig. 1. Stepwise estimation of number of patients eligible for patch testing, based on number of patch tests sold annually and
published evidence concerning the selection process. With model 111, following a more conservative estimation process, the number
of patients eligible for patch testing would be 1.36 X 10%/year. With model I, a worst case scenario, the number would be 3.24 X 106/

year

sales figures quoted above has to be multiplied by
a particular factor (see Fig.1).

Some patients had already been tested else-
where — up to 38% according to the statistics of
the Gottingen department. As a consequence, the
true number of newly diagnosed cases of CS will
be lower, and the estimate has to be corrected
downwards (Fig.1).

One major assumption is that the probability of
a patient who presents with suspected ACD of
being patch tested is similar in the IVDK and in
the remaining dermatologists’offices. A conse-
guence of this assumption is that the effect of dif-
ferent selection processes prior to presentation in
one of the specialised VDK centres, as opposed
to presentation in institutions of primary dermato-
logical care, does not need to be additionally ac-
counted for.

All in all, the crucial figure, i.e. the absolute
number of people with suspected ACD eligible for
patch testing, has to be estimated. For this esti-
mation process, we used correction factors based
on the different assumptions outlined above in 3
different scenarios presented in Fig.1. In modell,
the absolute number of cases being patch tested
would be 3.24 million (worst case scenario), in
model 11, 786,000 (best case scenario), and in
model 111 (a probable medium scenario) 1.36 mil-

lion. The total population in 1992-2000 was some
82 million in Germany.

For the estimation of the incidence of ACD, we
related the proportion of patients with this final
diagnosis, as defined above, registered in the IVDK
to the 3 absolute numbers mentioned above. For
the estimation of prevalence we related the pro-
portion of patients with at least one + reaction
registered during a 9-year period (1992-2000) to
the 3 different absolute numbers multiplied by 9
(years). For the estimation of prevalence of each
individual CS, different models were chosen. In or-
der to account for possible diagnostic incertainties
considered relevant for at least some allergens, the
prevalence of sensitization was additionally separ-
ately calculated on the basis of ++ and ++ +
reactions only.

Results
Incidence of ACD

Altogether, 9,266 patients were patch tested with
the standard series in the departments of the
IVDK in the year 1999. In 1,648 of them (17.8%)
the final diagnosis ACD was established. The inci-
dence of contact allergy (cases per 1000 per year)
as calculated with model I would be 7, with model
11, 1.7 and with model I11, 3.0 (Table1)
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Table. 1. Incidence of allergic contact dermatitis, and 9-year prevalence of contact sensitization according to different scenarios (see

Fig.1)

Scenario Incidence 9-year-prevalence I, 9-year-prevalence 11,
[per 1000 per year] + to + + + reactions (%) + +/+ + + reactions (%)

Worst case 7 8.1

Best case 1.7 2.0

Medium 3.0 3.4

Table 2. Frequencies of sensitization to allergens of the standard series tested over a 9-year period (1992-2000) in the IVDK (n=
78,067). Allergens added or omitted during this time are not included in the list. Frequencies of sensitization in the general popula-
tion were estimated on the basis of model I, probably a worst case scenario, and model 111, the medium scenario (see Materials and
methods) and related to the total population of Germany (82,000,000). To address potential diagnostic uncertainties of the + patch
test reactions, the frequencies of unequivocal allergic reactions (+ +/+ + +) are also presented.

Population (%)

Clinical patients Model | Model 11

Allergen/Reactions ++++ +H+++ [+ ++/+++ A+ /+++ [+
Nickel sulfate 15.5 8.3 5.5 3.0 2.3 1.2
Fragrance mix 11.7 4.0 4.2 1.4 1.8 0.6
Myroxylon Pereirae resin 8.5 2.5 3.0 0.9 1.3 0.4
p-Phenylenediamine 4.6 2.0 1.6 0.7 0.7 0.3
Potassium dichromate 4.2 1.6 1.5 0.6 0.6 0.2
Colophonium 3.9 1.75 1.4 0.6 0.6 0.3
Lanolin alcohol 3.8 0.9 1.4 0.4 0.6 0.1
MDBGN/PE* 2.0 0.75 0.4 0.15 0.2 0.06

4.2 1.2 0.7 0.2 0.3 0.08
Thiuram mix 2.7 1.1 1.0 0.4 0.4 0.2
Neomycin 2.7 0.8 1.0 0.3 0.4 0.1
MCI/MI** 2.5 0.8 0.9 0.3 0.4 0.1
Formaldehyde 2.0 0.5 0.7 0.2 0.3 0.1
Oil of turpentine 2.0 0.5 0.7 0.2 0.3 0.1
Benzocaine 1.6 0.65 0.6 0.2 0.2 0.1
Paraben mix 1.5 0.3 0.5 0.1 0.2 0.05
Epoxy resin 1.2 0.6 0.4 0.2 0.2 0.1
Cetearyl alcohol 1.2 0.3 0.4 0.1 0.2 0.05
p-tert.-Butylphenol-formaldehyde resin 1.0 0.4 0.36 0.1 0.15 0.06

*MDBGN/PE (methyldibromo glutaronitrile/phenoxyethanol) was tested in 2 different concentrations (0.5 and 1.0%) in 1992-1996

and 1997-2000, respectively.

**MCI/MI = methylchloroisothiazolinone (+) methylisothiazolinone.

Prevalence of CS

Between 1992 and 2000, a total of 78,067 patients
were tested with the standard series. 36,551 of
them (46.8%) had at least 1 weak positive reaction
(+), and 17,682 (22.7%) at least 1 stronger positive
reaction (+ +). The sales figure for patch test prep-
arations during the 9-year period was taken as 5.4
million. On the basis of all allergic patch test reac-
tions, the 9-year prevalence of CS was therefore
16.6% (modell), 4.0% (model II), and 7.0% (model
I11), respectively. The respective proportions based
on ++/4+ + + reactions were: 8.1%, 2.0% and
3.4% (Tablel).

The 9-year prevalences of important individual
allergens of the standard series are calculated fol-
lowing modelsl and 111, assuming that these
models represent a worst case scenario and a me-
dium scenario and are presented in Table2. It is

noteworthy that 4.5 or 1.9 million persons of the
German population (depending on the underlying
model assumptions) are sensitized to nickel, and
3.4 and 1.4 million, respectively, to fragrances.
Furthermore, (several) hundred thousands of per-
sons are sensitized to a number of other allergens.

Discussion

In this study we used data from clinical epidemi-
ology and - encouraged by methods applied in
drug utlilization research — sales figures of patch
test preparations to estimate the incidence of ACD
and the prevalence of CS. Sales figures for patch
test preparations are a good indicator of how often
patch testing was performed in the total popula-
tion, equivalent to how often ACD was suspected.
With a multiparametric model of different factors
affecting the actual incidence and prevalence of
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ACD and CS, respectively, a sensitivity analysis
was performed to address the potential influence
of these factors on morbidity estimates, resulting
in worst case (modell), best case (modelll), and
medium case (modellll) scenarios. Based on a
comparison of the 3 models with previously pub-
lished results, we conclude that the latter model is
probably suitable for the estimation of incidence
of ACD (3.0 cases per 1000 persons per year),
whereas model | is more in accordance with pre-
viously published prevalence estimates concerning
CS (16.6%), as outlined in the following sections.

Incidence of ACD

There are no reports on the incidence of ACD in
the general population. For contact dermatitis in
general, i.e. irrespective of etiology, an incidence of
7.9 cases per 1000 person-years was observed in
the Netherlands (25). Incidence rates of ACD in
specific occupational subgroups with increased
risk of occupational skin disease are clearly much
higher (7, 26, 27), but are unsuitable for compari-
son when referring to the general population. In a
student population, the dermatology clinic utiliza-
tion incidence was studied (28), with ACD
amounting to an incidence of 2.8 per 1000. More
recently, the referral rate for patch testing from a
predominantly urban population to a contact der-
matitis unit in the UK was analysed and an esti-
mate of ACD incidence based on the diagnostic
outcome was given (0.6 cases per 1000 persons per
year) (29). After adjusting this rate for the impact
of non-consulting and pre-tested patients accord-
ing to model Il (Fig.1), an estimated adjusted in-
cidence rate of 1.6/1000 per year results. However,
even this figure is probably an underestimation, as
the density of dermatologists is much lower in the
UK than in Germany, and thus, with a clear con-
sumer—provider interaction in health care seeking
behaviour (30, 31), a lower total consultation rate
in the UK will ensue.

Prevalence of sensitization to individual allergens

We evaluated the sensitization to allergens of the
standard series diagnosed during a 9-year period
of patch testing in the IVDK. We are fully aware
of the fact that (i) during a relatively long period
the underlying population (the denominator) is
not stable, if births, deaths and other migration
effects are considered, and (ii) the patients regis-
tered by the IVDK are only a relatively small sub-
set of the numerator of diseased, and that even all
patients patch tested within 1year in Germany are
only a subset of all persons with CS. However, with
an increasingly large window of observation, it can

be assumed that more and more sensitized persons
with a relevant sensitization — causing ACD — will
consult a dermatologist, both concerning primary
dermatological care providers and IVDK centres.
In contrast, latent sensitization which never caused
ACD will not be detected by this method, or only
if another CS causes ACD and results in the pa-
tient consulting a dermatologist, latent CS then
being detected as a chance finding.

If the outcome was defined as at least 1 positive
reaction to an allergen of the standard series in the
total test population of 78,067, prevalences of 16.6,
4.0 and 7.0%, respectively, were found employing
the 3 alternative parameter settings (Tablel). If
different population characteristics are taken into
account, e.g. leading to a higher proportion of
nickel-sensitive subjects, results of the 2 successive
Glostrup allergy studies in Denmark, which found
a prevalence of sensitization to at least 1 allergen
of the standard series of 15.2% (10) and 18,6%
(11), respectively, these estimates are again similar
to estimates obtained with our approach. Finally,
in a recent population-based study in cooperation
with the MONICA 11l survey (Monitoring of
Trends and Determinants of Cardiovascular Dis-
eases) in Augsburg/Germany, in which 1,537 indi-
viduals were patch tested, the frequency of at least
1 positive reaction to allergens of the standard
series was 28.0 % (95% CI: 26.6-29.4) (14). How-
ever, the results of this study cannot be generalized
fully, essentially because of different selection cri-
teria (e.g. only a particular age segment of the
population (25-79years) with generally higher
prevalence was studied). All in all, there is conclus-
ive evidence that between 15% and 20% of the gen-
eral population are sensitized to 1 or more of the
most important allergens

Nickel

The 9-year prevalence of nickel sensitization in our
study (2.3% and 5.5%, respectively) is considerably
lower (by a factor of 2-5) than in studies in the
general population (10, 12-14). The bias of our
study population towards less nickel CS may be
explained presumably by the phenomenon that in-
dividuals sensitized to nickel only, who at most suf-
fer from dermatitis caused by imitation jewellery,
jeans studs, etc., have become aware of their aller-
gen by themselves and do not seek medical advice
with subsequent patch testing to the same extent
(e.g. 30%) — if ever — as those with other CSs. This
presumptive, albeit plausible, phenomenon may
also explain the differences between the global CS
prevalence found in our analysis (7.0% and 16.6%,
respectively) and population-based studies (15—
20%) — the contribution of the high proportion of
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nickel CS is overwhelming with regard to the over-
all CS prevalence.

Fragrance mix

The prevalence of sensitization to the fragrance
mix is estimated (from model I1l and modell, re-
spectively) to be 1.8% and 4.2% of the total popu-
lation or, in absolute terms: 1.4-3.4 million per-
sons in Germany are sensitized to fragrances. This
prevalence estimate is in good agreement with
prevalences reported from Denmark (10, 12, 13),
namely, 1.1%, 1.8% and 2.9% (the latter standard-
ized for sex from Bryld (12), Table 16). However,
similarly to nickel, the consultation of 30% as-
sumed in the medium scenario may also be too
high for ACD caused by fragrances, as suggested
by a Danish report on the frequency of dermatolo-
gical complaints after the use of perfumed prod-
ucts (32). This assumption is supported by the fra-
grance allergy prevalence found in the KORA
study, which is surprisingly high (11.4%) (14).

For the fragrance mix there is concern that a
relatively large proportion of weakly positive (+)
reactions are false-positive, i.e. irritant. We there-
fore included a more conservative definition of the
specific CS outcome, considering only + + and
+ + + reactions as allergic. The results reflect the
respective absolute minimum prevalence. On the
basis of these + + and + + + reactions, the 9-year
CS prevalence is still high (0.6%, or some 500,000
persons) (Table2, model I11).

General remarks

It would not be worthwhile to develop the ex-
tended CE-DUR model addressing ACD and CS
with its set of underlying assumptions, if there was
not 1 major drawback with population-based
studies on ACD and CS morbidity which supports
the usefulness of our approach. This drawback is
the limited diagnostic performance of patch testing
in a population with low disease prevalence, i.e. the
general population; namely, a low positive predic-
tive value and a high proportion of false-positive
results (33). Furthermore, if patch testing is per-
formed in persons with no previous or current
symptoms indicative of ACD, i.e. not in patients,
the issue of active sensitization becomes ethically
important, because this risk is not counter-bal-
anced by diagnostic benefit to the individual. Al-
though the risk of active sensitization to allergens
of the standard series is generally considered small,
a recent study raised a warning at least regarding
p-phenylenediamine (34). There may be additional
concern about the diagnostic validity of patch test-
ing in population-based studies, if for the sake of

feasibility the standards of patch testing are com-
promised, e.g. if results are only read once, after 2
days (11), which is known to introduce a total
error of some 40%, mainly in terms of false-nega-
tive results (35).

Finally, some general critical remarks have to be
made concerning our adaptation of the CE-DUR
approach to ACD and CS: it presupposes that
both the characteristics of patients consulting de-
partments of dermatology and dermatologists
working in an office, respectively, and the indi-
cation for patch testing do not differ. The indi-
cation for patch testing by practising dermatol-
ogists probably does not cause concern regarding
potential selection bias. The patch test results of
5,766 patients from a large multicentre study in
Germany, comprising 21 dermatological offices,
with mostly higher CS prevalences, even point to
a more restrictive indication for patch testing in
(these) offices (36). In summary, our approach to
estimating the number of patients patch tested on
the sales figures of patch test material seems justi-
fied, with no hint of overtesting.

The CE-DUR approach integrates information
from different sources. In future studies the as-
sumptions underlying our estimates (e.g. pro-
portion of patients (i) with suspected ACD, (ii) eli-
gible for patch testing, (iii) who consult a derma-
tologist) will need to be confirmed. The fact that
our results are largely consistent with other, popu-
lation-based data, namely, those from Denmark,
is reassuring, assuming that allergen exposure in
Denmark and Germany does not differ substan-
tially (and there is indeed no indication of this).
and vice versa: it was questioned (e.g. in debates
concerning EU regulatory issues) whether data
from Denmark, a country with a rather small tar-
get population of some 5 million, could be re-
garded as representative of the whole of Europe
with its more than 300 million inhabitants. Our
study, based on a population of 82 million, does
support the Danish results. Furthermore, our
study may be taken as an additional argument for
performing CS surveillance on a European level,
as intended by the European Surveillance System
on Contact Allergies (ESSCA), which has now
started (37). Last but not least, the CE-DUR ap-
proach is not only economically feasible, but also
adds further value to the clinical epidemiology of
contact allergy by continuously estimating the
population impact of ACD and CS.
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