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CONTACT DERMATITIS

Reduced allergy rates in atopic eczema to contact
allergens used in both skin products and foods:

atopy and the ‘hapten-atopy hypothesis’
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Background: Food allergy is strongly associated with atopy. This retrospective study investigates
whether atopic status affects responses to contact allergens also found in food. We compared inci-
dences of atopic dermatitis/eczema (AD) in subjects who were patch-test positive (PTþ) to diallyl
disulfide from handling garlic and parabens used as a skin cream/ointment and food preservative
with the incidence in those subjects who were PTþ to chemicals encountered at skin surfaces (lanolin
and nickel).

Results: 36 658 patients with eczema/dermatitis were patch tested (1980–2006). 10 326 (28.2%) had
AD. 13/83 (15.6%) PTþ subjects to diallyl disulfide/garlic had AD (AD/total population versus
AD/diallyl disulfide PTþ, P ¼ 0.011). 54/239 parabens PTþ had AD (22.6%), while 181/608 lanolin
PTþ had AD (29.8%) (P < 0.05).

Conclusions: Contact allergy to haptens with oral and skin exposure is reduced in AD compared with
non-AD, unlike food protein hypersensitivity. Lanolin frequency was not decreased. Possible explan-
ations include (i) confounding factors, e.g. AD subjects handle garlic less than non-AD subjects, or
(ii) AD patients tolerate haptens efficiently, secondary to their atopic status, or (iii) oral tolerance of
haptens antagonizes tolerance of food proteins, contributing to development of atopy (hapten-atopy
hypothesis). The recent upsurge of atopy took place when gut exposure to haptens in processed foods
increased dramatically.
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Food protein allergens are large (10–75 kDa) sta-
ble glycoproteins, which are absorbed intact.
Haptens are small (<800 kDa) chemicals, which
usually bind to small peptides to render them anti-
genic. Exposure to haptens (low molecular weight
chemical agents) can be through the skin (skinþ
exposure pattern, contact allergens) or through
the gut (gutþ exposure pattern). While allergy to
food proteins is predominantly seen in association
with atopy (1), it is our impression that this does
not hold true for haptens/contact allergens present
in our diet. Diallyl disulfide is the major haptenic
allergen in garlic, and allergic contact dermatitis
to this has been described in people who handle
garlic while preparing food (2) (skinþ gutþ). Cos-
metic and medicament creams commonly contain

parabens and lanolin, which are both known con-
tact allergens. However, unlike lanolin (skinþ
gut�), the preservative parabens is used in some
processed foods (skinþ gutþ). Nickel is an exam-
ple of a contact allergen with mainly skin exposure
but only trace elements are present in the diet
(skinþ gut trace). We retrospectively reviewed
data from our patch test clinic, comparing the
frequency of allergy rates [patch-test positive
(PTþ)] to these haptens between atopic eczema/
dermatitis (AD) and non-AD dermatitis patients.

Methods

All patients attending for patch testing between
1980 and 2006 had results entered in a database.



The presence or absence of present/past AD, as
witnessed by flexural eczema with childhood
involvement, was recorded. Patch testing was per-
formed, read, and recorded according to the pro-
tocol recommended by the International Contact
Dermatitis Research Group (3). Readings were
performed at 2/3 and 4/5 days. Frequencies of posi-
tive reactions to diallyl disulfide, lanolin, para-
bens, and nickel were reviewed with respect to the
presence or absence of past/present AD. Statistical
comparison of different groups regarding presence/
absence of AD was performed using chi-squared
test with 1 degree of freedom, and 2-tailed P value.

Results

Between1980and2006, 36 658patientswithderma-
titis/eczema were patch tested. Of these, 10 326
(28.2%) were recorded as having past/present
AD (Table 1).
The frequency of AD was reduced in diallyl

disulfide PTþ group compared with all patch-test
patients (P ¼ 0.011), as was the nickel PTþ group
(P < 0.05). AD in lanolin PTþ subjects was signifi-
cantly higher than either diallyl disulfide or nickel
subjects (P < 0.01). The frequency of AD in para-
bens PTþ group is significantly reduced in com-
parison with the lanolin PTþ group (P < 0.05).

Discussion

AD was noted mainly by history or presence of
a flexural rash and childhood involvement. Flex-
ural involvement was recently highlighted as the
most reliable indicator of AD (4).
The results show that the groups having contact

allergy to haptens with both oral and significant
gut exposure show reduced incidence of AD com-
pared with groups allergic to haptens with cutane-
ous exposure only. This difference is not, however,

seen in the group with only trace exposure in the
gut (nickel). Type 1 hypersensitivity to garlic food
protein has almost exclusively only ever been
reported in atopics (5, 6); yet, we have shown that
allergic contact dermatitis to the garlic hapten dia-
llyl disulfide is significantly associated with the
absence of AD. Both parabens and lanolin are
contained in topical medicaments which AD
patients rub onto their inflamed skin, so one
may expect the frequency of AD to be slightly
raised in both PTþ groups. However, the inci-
dence of AD in the group PTþ to parabens (which
is also used in foods) is significantly reduced in
comparison with the relatively high incidence of
AD in the lanolin PTþ group.
There are other haptens with oral/gut (skinþ

gutþ) exposure. While some of these have so few
PTþ in our data that studying them individually is
open to considerable bias when compared with
PTþ groups from ‘skinþ gut�’ exposure haptens,
there is a trend of reduced incidence of AD in the
‘skinþ gutþ’ group (Fig. 1).
There are many possible explanations for these

observations. First, this was a retrospective study
of a heterogeneous collection of AD and non-AD
subjects. There is always a possibility of con-
founding factors being at play in such an unse-
lected group. AD patients, for example, may
handle garlic less and may use fewer cosmetics
on their skin. Conceivably, this could lead to
a reduction in the incidence of AD in the relevant
PTþ groups. The second possibility is that there is
an established atopic state that, as a secondary
phenomenon, in some way leads to more efficient
oral tolerance of haptens. However, we speculate
that oral tolerance of haptens may be directly con-
tributing to the development of the atopic state
(the hapten-atopy hypothesis).
Of all the body surfaces interacting with the

environment, the gastrointestinal (GI) tract has
the largest amount of associated lymphoid tissue
andalsohas thehighest surfacearea (7). InteractionsTable 1. Prevalence of AD in different contact allergen

PTþ groups

Contact allergen
Exposure
pattern

ADþ,
n (%)

AD�,
n (%) Total

Total patch-test
population

10 326 (28.2) 26 332 36 658

Diallyl disulfide
(garlic)

Skinþ gutþ 13 (15.6) 70 83

Nickel Skinþ gut
trace only

1605 (25.2) 4761 6366

Lanolin Skinþ gut� 181 (29.8) 427 608
Parabens Skinþ gutþ 54 (22.6) 185 239

AD, atopic dermatitis/eczema; PTþ, patch-test positive.
Diallyl disulfide PTþ ADþ versus total patch-test population
ADþ, P ¼ 0.011.
Diallyl disulfide PTþADþ versus lanolin PTþADþ, P < 0.01.
Diallyl disulfide PTþ ADþ versus nickel PTþ ADþ, P < 0.05.
Parabens PTþ ADþ versus lanolin PTþ ADþ, P < 0.05.
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Fig. 1. Incidence of AD in PTþ groups with different
exposure patterns. BHT, butyl hydroxytoluene; PPD,
para-phenylenediamine.
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with foreign proteins/haptens in the GI tract have
an influence on interaction elsewhere such as the
skin (8, 9). The GI tract is designed for active
tolerance to food proteins. The mechanisms of
oral tolerance to food proteins and haptens have
some common pathways, such as the use of Treg
cells (10, 11) (although not necessarily the same
subsets), and involvement of cytokines (12) such
as transforming growth factor-b. However,
significant differences also exist – Peyer’s patches
are required for oral tolerance to food proteins
but not for oral tolerance to haptens (13).
Atopics having reduced oral tolerance to food
proteins, but appearing to be super-efficient at
tolerating haptens from oral exposure may sug-
gest that mechanisms of oral tolerance to haptens
and proteins are, in some ways, different and
possibly competitive/antagonistic. Over the past
30–40 years, there has been a marked increase in
atopic disorders. This increase has occurred dur-
ing a period when there has been an increased use
of processed food and milk (with artificially high
hapten/chemical content) in the diet of industri-
alized countries. We speculate that an increased
dietary load of hapten from processed food/milk,
especially at an early age, may lead to a breakdown
in oral tolerance to food proteins and also pro-
mote a shift, priming the generalized immunity
towards an atopic state. Other factors in organs
such as the skin (impaired surface barrier leading
to an increased exposure to atopic proteins) may
then lead to atopic disease of that organ (AD).
Implicating dietary haptens in the aetiology of
atopy would not necessarily exclude other causa-
tions [e.g. the hygiene hypothesis (14, 15)] as
there could be multiple factors involved.
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