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Background: It is uncertain whether polysensitized patients acquire multiple allergies only because of a
high degree of exposure to environmental allergens, or because of being highly susceptible to developing
contact allergy.

Objectives: The aim of this study was to investigate and compare susceptibility and reactivity in
polysensitized and monosensitized individuals, and in healthy controls.

Patients/methods: We sensitized 66 adult individuals (21 polysensitized, 22 monosensitized, and 23
healthy controls) with diphenylcyclopropenone and assessed challenge responses with visual scoring and
ultrasound. We compared sensitization rates using a chi-square test and logistic regression analyses, and
calculated linear regression lines of the elicitation responses for each individual. The mean values of the
slopes and the intercepts for each group were used to measure the strength of the elicitation response,
and were compared using the Mann–Whitney test.

Results: Sensitization ratio was equal in the three groups: 57% for the polysensitized, 59% for the
monosensitized, and 65% for the healthy control group. There was a lowered elicitation threshold in the
polysensitized group compared with that in the monosensitized and healthy control groups and, although
not statistically significant, a stronger elicitation response was observed in the polysensitized group.

Conclusion: Increased reactivity was found in the polysensitized group, demonstrated by a lowered
elicitation threshold, compared with that in the monosensitized and healthy control groups.

Key words: contact allergy; elicitation thresholds; polysensitivity; sensitization study. © John Wiley &
Sons A/S, 2010.

Conflict of interests: The authors have declared no conflicts.
Accepted for publication 24 February 2010

Many questions regarding skin sensitization remain
unanswered. Why do some people become sensi-
tized to allergens that most people tolerate, and why
do some people develop multiple allergies? Poly-
sensitization has been defined as contact allergy
to three or more unrelated allergens, as suggested
in two recent reviews (1, 2). Prevalence studies
have reported polysensitization in 1 in 6 sensi-
tized patients in hospital-based studies (3–5) and
1 in 21 sensitized patient in a general popula-
tion (6), indicating that polysensitized patients more
often have chronic severe eczema requiring hospital
attention; moreover, polysensitization is also asso-
ciated with a long duration of disease (7), but not

more generalized dermatitis (8). Polysensitization is
encountered more often than would be expected by
chance (6, 9). These patients more often develop
new positive reactions compared with patients with
one or two contact allergies when tested additional
times (10). Moreover, polysensitized patients have
been shown to produce greater induction and elicita-
tion responses when experimentally exposed to dini-
trochlorobenzene (9). Therefore, some regard this
group of patients as belonging to a special entity,
whereas others regard it a part of a sensitization
spectrum resulting from multiple exposures. The
objective of this study was to evaluate susceptibil-
ity to sensitization, and to evaluate the elicitation
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reaction with regard to intensity and variability in
thresholds, related to a strong allergen under con-
trolled conditions of exposure.

Material and Methods

Subjects

A total of 66 adult patients were included in
the study: 21 polysensitized patients (17 women
and 4 men, mean age 51.2 years), 22 monosensi-
tized patients (14 women and 8 men, mean age
48.2 years), and 23 healthy controls (14 women and
9 men, mean age 34.6 years).

Patients were recruited from the Department of
Dermato-allergology, Gentofte Hospital, University
of Copenhagen, Denmark, and healthy controls via
advertisements.

All patients had been patch tested in the depart-
ment with the European baseline series and, if
relevant, additional series dependent on exposure.
Patients with positive reactions to three or more
allergens on the patch test were allocated to the
polyallergic group. Patients with a positive reaction
to one allergen on the patch test were allocated to
the monoallergic group. Only allergens that were
not chemically/structurally related were regarded as
new allergies.

Inclusion criterion was 18–65 years of age.
Exclusion criteria were as follows: (i) women who
were either pregnant or breast-feeding; (ii) use of
corticosteroids or other immunosuppressive drugs;
(iii) exposure to sunlight 2 weeks before the start of
the study; (iv) a history of atopy; (v) occupational
contact allergy; (vi) allergy caused by topical treat-
ment; (vii) previous exposure to diphenylcyclo-
propenone; and (viii) current malignancy or a
history of malignancy.

Some of the patients had chronic eczema, but
none in an active form and not on the test sites.

The study was approved by the local Ethics
Committee, and all subjects gave written informed
consent prior to enrollment.

Sensitization and challenge

The sensitization protocol is shown in Fig. 1.
All subjects were sensitized with diphenylcyclo-
propenone in acetone on buttock skin. Petrolatum-
backed 11-mm filter discs were soaked in 50 μl
of 0.0625% diphenylcyclopropenone in acetone
(25 μg/50 μl). Each filter disc was mounted inside
a 12-mm aluminium Finn chamber® and taped to
the skin (Scanpor®; Epitest OY, Tuusula, Finland).
The discs were left for 48 hr.

Challenges were carried out on the upper inner
arm 3 weeks after sensitization, using four con-
centrations of diphenylcyclopropenone in acetone

Fig. 1. Diphenylcyclopropenone sensitization protocol.

(0.39, 0.78, 1.56, and 3.125 μg/15 μl) and one
acetone control on 7-mm filter discs in 8-mm Finn
chambers®. The discs were left for 6 hr. The chal-
lenge sites were all marked with a surgical skin
marker for evaluation 48 hr later.

Visual assessment

The elicitation responses were assessed using a
visual score, as suggested by Cooper et al. (11):
1 = no reaction, 2 = mild, macular erythema, 3 =
moderate erythema, occasionally with papules, 4 =
strong erythematous reaction (including vesicular
changes), and 5 = extreme or spreading reaction
(including bullous or ulcerative reaction). The final
evaluation of the visual clinical assessment was cal-
culated as the sum of scores at the four diphenyl-
cyclopropenone challenge sites of subjects with at
least one positive reaction. A visual score of 2 or
above was considered a positive reaction.

Ultrasound assessment of skin thickness

Increase in dermal thickness, measured with ultra-
sound, has been shown to correlate well with the
strength of an elicitation reaction (12). In addition
to the visual scoring, dermal thickness of each elic-
itation site was determined using a high-frequency
ultrasound scanner (Dermascan, Cortex technology,
Horsens, Denmark), and 12-mm scanned images
were recorded pre-challenge and post-challenge.
Five dermal thickness measurements were taken
from each pre-challenge and post-challenge scan at
fixed distances of 2, 4, 6, 8, and 10 mm along the
horizontal length of the scanned image. A mean per-
centage increase in dermal thickness was calculated
for each elicitation site. A mean percentage increase
in dermal thickness of 10% or more was considered
a positive reaction.

Statistical Analysis

Positive elicitation reaction measured with either
visual clinical score or ultrasound was categorized a
positive sensitization. Group sensitization ratios were
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compared using a chi-square test and logistic regres-
sion analyses. The outcome of challenge, whether
positive or negative, was used as the dependent vari-
able, and allergy status, sex, and age were used as
the independent variables. Results were expressed as
odds ratios with 95% confidence intervals.

Strength of reactions in the three groups were
analysed with both the visual scores and the ultra-
sound data. The Mann–Whitney two-sample rank
sum test was used to compare the sum clinical scores
in the groups. Using the ultrasound data, linear
regression analysis of the elicitation responses was
carried out for each individual, and the mean values
of the slopes and the intercepts, used as parame-
ters for strength of the elicitation reaction, for each
group were compared using the Mann–Whitney test,
as recommended for serial measurements. P -value
<0.05 was considered to be statistically significant.

Threshold concentration was defined as the weak-
est concentration giving a positive response, with
either visual clinical score or ultrasound, in a con-
tinuous line of positive reactions starting from the
highest concentration, and was compared between
the groups with the Mann–Whitney test.

All data analyses were performed using SPSS®
version 12 (SPSS, Chicago, IL, USA).

Results

Overall sensitization ratio was equal across the three
groups: 57% (12/21) for the polysensitized patients,
59% (13/22) for the monosensitized patients, and
65% (15/23) for the healthy control group (Fig. 2).

The percentage increase in dermal thickness cor-
related well with the dose-dependent clinical scores,
based on the visual assessment, and a linear dose-
dependent increase in response to diphenylcyclo-
propenone was observed in all sensitized individu-
als. Overall, strength of the elicitation responses was

Fig. 2. Sensitization ratio of polysensitized, monosensitized,
and healthy control groups.

Fig. 3. Response to four incremental challenge doses of
diphenylcyclopropenone as assessed by visual clinical scores.
Group mean ± standard error of the mean is indicated.

stronger in the polysensitized group compared with
those in the monosensitized and healthy groups;
however, this difference was not evident when anal-
ysed statistically. In Fig. 3, the mean visual clinical
scores of elicitation reactions at all four diphenylcy-
clopropenone doses are depicted separately for the
three groups. For all four diphenylcyclopropenone
doses, the mean strength of the elicitation responses
is higher in the polysensitized group compared with
that in the other two groups.

Using the ultrasound data, we compared mean
slope and intercept for the groups of the indi-
vidual regression lines obtained for the elicita-
tion responses to diphenylcyclopropenone. Mean
slope and intercept were higher in the polysensi-
tized group compared with that in the monosen-
sitized group: 21.8 versus 18.3 and 45.8 versus
28.1, respectively, but were not statistically different
when the Mann–Whitney test was applied, P = 0.5
and 0.07, respectively.

Threshold data for the groups are shown in Fig. 4.
There was a significantly lower median elicitation
threshold dose in the polysensitized group (0.39 μg)

Fig. 4. Elicitation thresholds, defined as the weakest concen-
tration giving a positive response in polysensitized, monosensi-
tized, and healthy control groups. Group median is indicated.
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compared with that in the monosensitized (1.56 μg)
and healthy control groups (1.56 μg), with P =
0.005 and 0.037, respectively. The challenge doses
used did not show any irritant response in the
unsensitized individuals.

Discussion

In this study, we evaluated the sensitization and elic-
itation potential in polysensitized individuals, and
compared it with that of monosensitized and healthy
controls using an experimental sensitization design.
We found no difference in the overall sensitization
ratio or statistical difference in the strength of elici-
tation, but we found a lowered elicitation threshold
in the polysensitized group compared with that in
the monosensitized and healthy control groups.

In 1985, Moss et al. experimentally sensitized
polysensitized, nickel allergic and healthy individ-
uals with dinitrochlorobenzene (9). Induction was
conducted with three different doses and challenge
with four incremental doses of dinitrochloroben-
zene. The sensitization ratio increased with the
induction dose in all groups. No difference in
overall sensitization ratio was found between the
groups. Using the strongest induction dose, sensitiz-
ing 100% of allergic individuals, Moss et al. further-
more found the response to challenge to be greater in
the polysensitized group compared with that in the
other two groups. Within the lower induction doses,
the challenge data were less clear and interpretation
was hampered by the small number of participants.

In accordance with Moss et al., we found no
difference in the overall sensitisation ratio between
the groups. Sensitizing a relatively large group
of individuals with an induction dose sensitizing
around 60% of healthy individuals, we found a trend
towards greater responses to challenge doses only in
the polysensitized group.

Environmental factors are crucial in developing
allergy but are not the sole drivers; various studies
have pointed to the role of genetic factors in
developing contact allergy (13–15). There is no
evidence to clarify the relative influence of inherited
susceptibility and environmental exposure on the
development of contact allergies.

Using an experimental allergen with a sensitiza-
tion potential higher than most allergens encoun-
tered in the environment, we did not find a higher
sensitization ratio in a large group of polysensi-
tized individuals compared with that of monosen-
sitized and healthy controls. This finding seemingly
contradicts the hypothesis that polysensitized indi-
viduals are polysensitized because of an increased
susceptibility to developing allergy. However, the
relative influence of inherent susceptibility and envi-
ronmental exposure on developing contact allergy

may vary with the induction dose and type of
allergen. This is indicated by a study by Walker
et al. in which children were sensitized to dini-
trochlorobenzene regardless of sensitization status
of their parents; however, using the comparatively
weaker allergen N-nitrosodimethylamine, it was
found that children of parents who were sensitized
to N-nitrosodimethylamine were sensitized signifi-
cantly more than children of parents who were not
sensitized to N-nitrosodimethylamine (16). The use
of a strong allergen in our study may have hampered
our ability to detect differences in overall sensitiza-
tion potential between the test groups.

Nevertheless, we found a significantly lower
threshold to diphenylcyclopropenone challenge in
the polysensitized group compared with that of
both monosensitized and healthy controls, indi-
cating a greater reactivity in the polysensitized
group. In a recent work, using the allergens nickel,
methyldibromo glutaronitrile, and p-phenylene-
diamine, no significant difference in elicitation
response could be demonstrated between polysensi-
tized and single/double sensitized individuals (17);
however, the study carried some inherent limita-
tions in methodological design and test size and
the results were regarded only as an exploratory.
One limitation that is likely to have influenced the
results was the lack of controlled induction. It is
well established that the strength of the elicitation
response correlates with the induction dose (9, 18).
In our study, the induction dose was controlled and
equal for all participants; however, the conclusions
of our study represent an extrapolation from just
one allergen.

A strength in our study is the large and highly
selected group of polysensitized individuals. In
theory, some polysensitized individuals may not
have an increased, inherent susceptibility, but have
been exposed to high concentrations of allergens for
so long that allergy development was inevitable. To
account for this, individuals with occupational aller-
gies and allergies resulting from topical treatment,
including leg ulcer patients, were excluded from our
study. Furthermore, to account for possible cluster-
effects, only allergens that were not chemically/
structurally related were regarded as new allergies.
None of the participants in the study had a history
of atopy.

The reason behind the lower elicitation thresholds
in polysensitized patients can only be hypothesized.
One explanation could be a shared genetic back-
ground, and another could be that the immunological
milieu has changed with multiple allergies, whereby
an elicitation response is more easily evoked. What-
ever the reason, the finding is in accordance with the
clinical fact that polysensitized patients have clinical
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manifestations in the form of allergic contact der-
matitis more often than monosensitized patients and
have longer lasting dermatitis (7). This knowledge
is important when guiding and informing the poly-
sensitized patients in the clinic.

To conclude, we found no difference in the sensi-
tization ratio, and a stronger trend in the strength
of elicitation and a lowered elicitation threshold
in polysensitized patients compared with that of
monosensitized and healthy controls. Overall, envi-
ronmental exposure is the most important factor in
developing contact allergy. Without environmental
exposure, contact allergy cannot be induced; how-
ever, seemingly an increased reactivity lowers the
threshold for elicitation. The study contributes to
the evidence of polysensitization as a phenotype for
inherent, increased reactivity.
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with multiple contact allergies: a review. Contact Dermatitis
2008: 58: 1–8.

2. Schnuch A, Brasch J, Uter W. Polysensitization and increased
susceptibility in contact allergy: a review. Allergy 2008: 63:
156–67.
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