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Of epoxy resin hardeners, polyamines are the most potent
sensitizers (1). Most patients with contact allergy to epoxy
hardeners react to 4,4-diaminodiphenylmethane (DDM),
diethylenetriamine (DETA), triethylenetetramine
(TETA), isophoronediamine (IPDA), trimethylhexame-
thylenediamine (TMDA) or 1,3-xylylene diamine (2).

Case Report

A 38-year-old bricklayer presented with spreading ero-
sive erythematous vesicular dermatitis on the chest,
upper back, arms and legs, which had begun some
months ago, 14 days after prolonged skin contact with
an epoxy resin glue-contaminated workshoe. At the on-
set, he had had itching erythematous vesicular and ero-
sive dermatitis on the sole and dorsum of the right foot.
Additionally, he developed periorbital edema. During
his work as a bricklayer, he was exposed to cement, ad-
hesives, rubber and plastic materials.

Patch testing was performed with the standard, plas-
tics and adhesives, and wood processing industries series
recommended by the German Contact Dermatitis Re-
search Group, 2 months after the generalized skin reac-
tion had healed. The patient showed a positive patch test
reaction (++) to isophoronediamine 0.5% pet. at D2
and D3. No reactions were shown to epoxy resins or any
other work-related allergens. Clinical relevance for the
sensitization was established because IPDA was an in-
gredient of the epoxy resin glue used, StoPox GH 100.

StoPox GH 100 is a 2-component epoxy resin glue
used for sealing porous material. Part A consists of bi-
sphenol-A-(55-60%), bisphenol-F-epichlorohydrin (20—
25%) and glycidylether (DGEBA-epoxy resin). Part B
consists of the cycloaliphatic hardener 3-aminomethyl-
3,5,5-trimethylcyclohexylamine 50-55% (isophoronedia-
mine (IPDA)) and benzyl alcohol 40-45%.

Discussion

Various forms of contact dermatitis may be caused by
epoxy resins, their hardeners or diluents (3). If import-
ant sources of occupational contact sensitization to ep-
oxy compounds are not be overlooked, patch testing
must be performed not only with epoxy resins but also
with the hardeners and reactive diluents to which pa-

tients have been exposed (4, 5). Seldom are isolated con-
tact allergies to polyamine hardeners, without contact
allergy to epoxy resins or reactive diluents, as observed
in our patient, revealed (2, 5). Because of its high sensit-
ization potential, IPDA has been included in the patch
test series since 1985 (5). IPDA is widely used in the
manufacture of paints or laminated plastic parts in the
aircraft industry and shipbuilding, in the electrical goods
industry and in special adhesives (6). Cross-sensitivity
with isophorone diisocyanate (IPDI) can occur (7).

Our patient was sensitized to IPDA (8) because of
prolonged skin contact with epoxy resin glue in his con-
taminated workshoe. Relapse was probably provoked by
wearing the contaminated shoe again. His occupational
sensitization could have been avoided by informing him
of the hazard potential and required protection measures
when using epoxy resins.
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Case Reports
Case no. 1

A 32-year-old ceramic tiler presented with a 2-year his-
tory of hyperkeratotic fissured hand and foot dermatitis.
He only occasionally wore rubber gloves at work. Ini-
tially, he gave no history of symptoms related to rubber
gloves. His job involved fixing slates, terracotta and ce-
ramic tiles, both internally and externally, with PVA ad-
hesive or cement grout. As a child, he had had rhinitis
from cats and atopic eczema which cleared at 13 years
of age. From patch testing when young, he recalled al-
lergy to rubber soles. At first, he had tried to purchase
shoes without rubber soles, but when the condition im-
proved in his teens, he relented.

He was patch tested to standard, preservatives, ve-
hicles and emulsifiers series, a latex solution and a plasti-
cizer and glue series, including acrylates. He had positive
reactions on both D2 and D4 to chromate, thiuram mix,
cobalt, epoxy resin and fragrance. An allergen-specific
IgE test was grade 4 positive to natural rubber latex
(NRL). On further questioning, he admitted that, when
he wore rubber gloves, his hands became red and itchy
within a few minutes. He was prick tested to a latex
solution (Stallergéne, France), which showed a 4-mm di-
ameter reaction at 15 min.

Case no. 2

A 33-year-old car cleaner presented with hand derma-
titis. He had atopic dermatitis and had started to wear
vinyl gloves because he had noticed hand itching and
urticaria when wearing latex gloves in the workplace. He
had only recently developed a fissuring hand dermatitis.

He was patch tested to standard, preservatives, ve-
hicles, and medicaments series and to some of his own
products. All tests were negative on both D2 and D4.
The specific IgE test to NRL, however, was grade 4 posi-
tive and he also showed a prick test response to NRL of
4 mm at 15 min.

Case no. 3

A 36-year-old car mechanic presented with hand derma-
titis. He had had atopic dermatitis from childhood, but
his hands had deteriorated over the past year. He had a
cracked and fissured dermatitis, particularly severe on

the right thumb, and gave a specific history of contact
urticaria when wearing latex rubber gloves.

He was patch tested to standard, preservative, vehicle
series as well as to his own products. The patch tests at
both D2 and D4 were all negative. However, a specific
IgE test to NRL was positive at grade 2, as was the prick
test to NRL, giving a weal of 5 mm at 15 min.

Discussion

NRL was first reported to cause glove-related contact
urticaria in 1979 (1). In the 1980s, awareness developed
of widespread sensitization to latex in health-care
workers (2). The reported prevalence in health-care
workers varies widely, with rates of 2-66% (3, 4). The
occurrence of latex allergy in the general population is
believed to be less than 1% (5). Although it is appreci-
ated that regular glove wearers in other occupations are
at risk, their prevalence of contact urticaria has not been
fully assessed.

The above series of 3 patients is drawn from 116 pa-
tients referred with hand dermatitis to a patch test clinic
over a 12-month period, and might suggest the preva-
lence of latex sensitization in the general population to
be higher than previously expected. This is in keeping
with a recent study of 200 consecutive patients in a Nor-
wegian dermatology clinic, in which 6% of non-health
care workers were found to be latex allergic on prick
testing (6). Our findings suggest that, in all those with
hand dermatitis who ever wear NLR gloves, natural rub-
ber latex allergy may need to be considered.
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Case Report

A 47-year-old atopic man gave a 3-year history of der-
matitis of his hands, forearms and face. He had worked
as an engineer grinding components for printing presses
for 24 years. During an enforced absence from work, he
noticed that his rash resolved, but relapsed within 2 days
of his return. Further remissions were noted during an-
nual holidays but the rash would always recur within 2
days of starting back at work. His skin eruption con-
tinued to deteriorate until the coolant used during the
grinding process was withdrawn. His rash subsequently
resolved and he has remained symptom-free ever since.

Patch testing to our standard series, oils and coolant
series, the constituents of fragrance mix and his own
coolant at 10% aq. gave positive reactions to fragrance
mix (++), balsam of Peru (Myroxylon Pereirae) (++),
sodium metabisulfite (++), diethanolamine (++), oak
moss absolute and his own soluble oil (+). The manu-
facturer of the coolant was contacted for information
on the individual constituents of this oil. Further patch
tests were then carried out to these components plus the
individual components of the fragrance used within it.
There were positive reactions to oak moss resin (++)
and monoethanolamine (++).

Discussion

Conventional soluble oils or coolants are oil-in-water
emulsions used during metalworking to reduce the
amount of frictional heat generated by these processes.
Occupational contact dermatitis from soluble oils is
well-recognized and is most commonly irritant (1), as
coolants are often alkaline and contain anionic surfac-
tants (2). However, they also contain additives, such as
microbiocides, antirusting agents, dyes and perfumes,
that can act as sensitizers (3). Monoethanolamine, an
anti-corrosion and emulsifying agent, has been reported
previously as an allergen in metalworking fluids (4-6).
Oak moss absolute is a lichen extract derived from
Evernia prunasti, and is found in many after-shave lo-

tions and some perfumes (7). It is usually reported as a
contact allergen in those using perfumed products, but
is also reported in rural and forestry workers (8). Per-
fumes are recognised as being potential sensitizers in sol-
uble oils (3), but to our knowledge, oak moss absolute
as a specific sensitizer within a coolant has not pre-
viously been reported.

This case highlights the importance of patch testing
to individual components of a suspected product in oc-
cupational dermatitis. This reduces the chance of false-
positive reactions and of missing a relevant allergen (2).
The prognosis for recovery from soluble oil dermatitis is
poor both for those who continue to work with soluble
oils and for those who stop (9). Identifying a specific
sensitizer allows for development of alternative agents
and may aid the prevention of initial sensitization.
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Nickel, ampicillin and, most commonly, inhalation of
mercury vapour have all previously been implicated in
the baboon syndrome (1).

Case Report

A 15-year-old boy was admitted with erythematous, ves-
iculobullous lesions, symmetrically distributed on the
dorsum of the feet and toes, behind his knees, the an-
terior thighs and the groins, for 3!/, days. He had been
in contact with metallic mercury 4 days before in the
cinnabar (mercuric sulfide) mines of Almaden (Ciudad
Real). He had worn protective gloves so had not had
direct skin contact with mercury, but had been exposed
to mercury vapour. 2 years before, he had accidentally
broken a mercury thermometer in the axilla, with the
appearance of lesions in this area, and he had also pre-
viously had a dermatitis from Mercurochrome.
Laboratory tests were within the normal range. Mer-
cury levels in the serum (40 wg/l) and urine (20 mg/l)
were also normal. A biopsy from the dorsum of the foot
showed focal parakeratosis, spongiosis with vesiculation
and exocytosis of lymphocytes, and a perivascular

Table 1. Patch test results

Patch tests D2 D4
metallic mercury 0.5% pet. ++ ++
phenylmercuric acetate 0.01% aq. ++ ++
phenylmercuric nitrate 0.01% aq. ++ ++
ammoniated mercury 1% pet. ++ ++
mercuric chloride 1% agq. ++ ++
Mercurochrome 2% agq. ++ ++

thimerosal 0.1% pet. - -

Table 2. Sources of exposure to mercury

analytic reagents lithography
batteries metallurgy
catalysts mirrors
disinfectants and pesticides paints
embalming fluirds photography

engraving wood preservatives

lymphocytic infiltrate in the dermal papillae. Patch tests
with the Spanish standard series and a mercurial series,
utilizing Al-test®, were positive to metallic mercury, phe-
nylmercuric acetate, phenylmercuric nitrate, ammoni-
ated mercury, mercuric chloride and Mercurochrome.
Thimerosal was negative (Table 1).

Comment

Mercury exanthem, most common after breaking a clin-
ical thermometer or during dentistry, is due to inhal-
ation of mercury vapour by those who are mercury al-
lergic (2). Our patient went on an excursion to Almaden
cinnabar mines and handled metallic mercury there
while wearing gloves. Cinnabar, the only important ore
of mercury, occurs in California, Nevada, Italy, Mexico
and the former Yugoslavia, as well as in Spain. There
are many other sources of mercury exposure (Table 2)
(3).

The most characteristic mercury exanthem is the ba-
boon syndrome, which consists of a diffuse erythema-
tous or erythematopapular eruption, involving particu-
larly the buttocks, anogenital region, flexures and eye-
lids, within 1 to 2 days of exposure to mercury vapour
(4). Patch test reactions were similar to those previously
reported (5), though negative for thimerosal. Similar
cases have been described from other sources (1, 2, 6).
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Trivalent chromium rarely sensitizes (1,2).

Case Report

2 men in a tannery developed work-related dermatitis of
the hands, arms and legs. Patch testing confirmed al-
lergic contact dermatitis from polyfunctional aziridine
(PFA) hardener (3) in both cases, this being used in the
tannery for dyeing leather. Patch testing also revealed
that both patients had become sensitized by trivalent
chromium (Table 1), since only trivalent chromium, in
the form of chromium sulfate, had been used in the tan-
nery.

Discussion

Chromate is one of the best-known occupational contact
allergens (1, 4). It is generally considered that hexavalent
chromium is the sensitizer (5). Allergy to chromium oc-
curs from leather shoes and among tannery workers (2).
Chromic acid is used in the production of leather gloves
(6). Formaldehyde (2, 7), glutaraldehyde (2, 8), metanil
yellow (azo dye) (9) and other chemicals (10) have also
caused allergic contact dermatitis from leather.

Our 2 leather workers had been sensitized to chro-
mium, probably because their duties included the han-
dling of wet hides coming directly from the tanning de-

Table 1. Positive patch test reactions to dilution series of chro-
mium compounds

Test
concentration Patient Patient

Chromium compound (% pet.) no.l1 no. 2
potassium dichromate 1 ++ +++
(hexavalent Cr) 0.5 7+ ++

0.32 2+ ++

0.1 - ++

0.032 - 2+
chromium chloride 0.5 ++ ++
(trivalent Cr) 2.0 ++ ++

1.0 ++ ++

0.5 ++ ++

partment of the factory. According to the representative
of the factory, only trivalent chromium sulfate was used
in tanning the hides.

Our patients had no exposure to other chromium
compounds. Their hand protection was inadequate be-
cause they used permeable gloves when handling wet
hides. Trivalent chromium compounds hardly penetrate
the epidermis, though trivalent, rather than hexavalent,
chromium is the eventual hapten (2). Hexavalent chro-
mium compounds elicit stronger skin reactions both in-
tracutaneously and epicutaneously (11), but trivalent
chromium may still sensitize and provoke allergic patch
test reactions, as shown in this report. In tanning, the
sensitization risk is increased by the wetness and irri-
tancy of the work.
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We recently reported allergic contact dermatitis from the
epoxy diacrylate 2,2-bis[4-(2-hydroxy-3-acryloxypro-
poxy)phenyl]propane (BIS-GA) (1). Here we report on
another, poly(oxy-1,2-ethanediyl)a-o'-[(1-methylethylid-
ene)di-4,1-phenylene]bis[w[(2-methyl-1-0x0-2-propenyl)
oxy] (BIS-EMA; Fig. 1), which resembles BIS-GA.

Case Reports

During 1985-1998, 4 patients had positive patch test re-
actions to BIS-EMA, when patch tested with the Chem-
otechnique (meth)acrylate series and diglycidyl ether of
bisphenol A (DGEBA) epoxy resin (Table 1). These pa-
tients showed an almost identical reaction pattern to ep-
oxy diacrylates and DGEBA, but a variable pattern to
other (meth)acrylates (Table 1).

Case no. 1 was a 48-year-old woman, who had pre-
viously been shown to be highly allergic to (meth)acry-
lates, epoxy acrylates and DGEBA (2, 3). Her broken
upper front tooth had to be restored with a temporary
crown, and she developed severe gingivostomatitis and
vesicular eczema on her upper lip, as previously de-
scribed (4). Patch testing revealed that she was allergic to
the base paste and catalyst of the 2-component Protemp
garant® (Espe Dental-Medizin Gmbh & Co, Germany)
used (Table 1). Gas chromatography/mass spectrometry
has now revealed the base paste to contain BIS-EMA.
On retesting, the patient was positive to both BIS-EMA
and the paste, which was concluded to be the cause of
her gingivostomatitis.

P OO~y

BIS-EMA; poly(oxy-1,2-ethanediyl) o,o’-[(1-methylethylidene)-
di-4,1-phenylene]bis[w-[(2-methyl-1-ox0-2-propenyl)oxy] (sim-
plified structure).

H OH
A Ao A
T b
BIS-GMA; 4.,4'-isoprylidenediphenol bis (2,3-epoxypropyl)

ether, oligomers, esters with acrylic acid (idealized structure).

Fig. 1. Chemical structure of epoxy diacrylates.

Case no. 2 was a 34-year-old dental nurse with allergic
contact dermatitis from dental composite resins on the
fingers of the right hand. She had been occupationally
exposed to BIS-GMA and dimethacrylates (patient no.
4 in ref. 5), and had apparently been concomitantly sen-
sitized to both. Her patch test reaction to DGEBA
(Table 1) may represent cross-sensitivity between BIS-
GMA and DGEBA. Her patch test reaction to BIS-
EMA probably represented cross-reactivity between
BIS-GMA and BIS-EMA (Fig. 1), because she did not
have a history of exposure to BIS-EMA.

Case no. 3 was a 48-year-old assembler in an electron-
ics factory, who developed immediate and delayed al-
lergy to DGEBA (6). She had no known exposure to
epoxy diacrylates and had patch test reactions only to
DGEBA and epoxy diacrylates, but not to other (meth)-
acrylates, as reported previously (6).

Case no. 4 was a 33-year-old floor layer who de-
veloped dermatitis on the face and backs of the hands.
His primary sensitization was considered to be to DGE-
BA in floor coatings, and the reactions to epoxy diacry-
lates (Table 1) probably to represent cross-sensitization.
He had no known exposure to BIS-EMA.

Discussion

BIS-EMA (CAS 41637-38-1) is used in anaerobic seal-
ants and dental compounds, and referred to as 2,2-bis[4-
(2-methacryloxyethoxy)phenyl] by Bjorkner (7) (Table
1). We have found no previous reports of patients with
contact allergy to products containing BIS-EMA. Based
on animal studies, BIS-EMA 1is a strong sensitizer (7),
but has only seldom reacted on patch testing (8-10).

Our results indicate that exposure to DGEBA may
result in cross-reactivity to epoxy diacrylates, and vice
versa. As early as 1954, Furman & Baer (11) stated that
there were no 2 patients in whom tests for cross-sensit-
ization to 20 related allergens gave an identical pattern
(11); this seems to also apply to (meth)acrylates and ep-
oxy diacrylates (1, 2, 12-14). Metabolism in the skin, as
well as impurities, are other possible explanations for
such patterns (15, 16).
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Allergic contact dermatitis due to eucalyptol in an anti-inflammatory cream

J. VILAPLANA AND C. ROMAGUERA

Hospital Clinic, Central University, C/Villarroel 170, 08036 Barcelona, Spain

Key words: allergic contact dermatitis; eucalyptol; medicaments; athletics; occupational. © Munksgaard, 2000.

We found only 1 reference to contact dermatitis from
eucalyptol distilled from Malaleuca alternifolia (1) and
another reference to airborne allergic contact dermatitis
(2). Eucalyptol is widely used to increase the transcu-
taneous penetration of other substances (3-5), as well as
for its antifungal and antibacterial properties (6, 7). It
is also used as a solvent in gutta-percha, substituting for
chloroform. It inhibits Epstein-Barr virus (8), and has a
sedative and antipyretic action in mice. (9).

Case Report

A 27-year-old Australian professional athlete had been
using an analgesic and anti-inflammatory cream for 2
years before pruritus and erythema appeared on the toes
of the left foot. After next applying the cream, papules
and vesicles appeared, with increasing pruritus. A top-
ical corticosteroid relieved his symptoms and he was re-
ferred for patch testing, with a vesicular scaly eczema on
the dorsa of the toes of the left foot.

Patch testing with TRUE Test™ standard allergens
and the Chemotechnique cosmetics series was negative,
but the constituents of the cream gave a ++ reaction to
eucalyptus oil 1% pet. at D2 and D4, the remainder of
the constituents being entirely negative. 25 controls were
all negative at D2 and D4.

Comment

Serious intoxications have been described in children
using eucalyptus oil topically (10) and for respiratory
infections, it being the prime cause of children’s hospital-
ization for intoxications in Melbourne (11). Allergic
contact dermatitis is less well recognized.
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Contact dermatitis from maleated soybean oil:
last gasps of an expiring cosmetic allergen
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Case Report
A 48-year-old woman, with a past history of contact
dermatitis from inexpensive jewelry, presented in May
1999 after 2 episodes of face and neck dermatitis. The

lesions, which had first occurred in March, were treated
with topical corticosteroids. They recurred 2 months
later, 3 days after the patient had applied a free sample
of a facial moisturizing emulsion.

Patch testing was performed in Finn Chambers with
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the revised international standard series (1), additional
allergens including emulsifiers and preservatives, and her
own cosmetics. A +/+ reaction was observed at D2/D3
to Diffusance Emulsion Fluide de Jour triple hy-
dratation (Jeanne Gatineau, Européenne de Produits de
Beauté, Paris, France). A ROAT performed in the ante-
cubital fossea was positive within 2 days.

A breakdown of the cream was then performed with
28 ingredients kindly provided by the manufacturer,
patch tested as recommended (2). Emulsifiers were tested
as is or diluted 50% o.0. We observed a +/+ reaction at
D2/D3 to maleated soybean oil tested as is. A ROAT
performed with this individual ingredient gave a strongly
positive reaction, which spread to the contralateral fore-
arm, neck and décolleté.

The patient was eventually patch tested with Ceraphyl
GA-D as is, a purified form of maleated soybean oil
provided by ISP Europe, and developed a ?+/+ + reac-
tion at D2/D3. She has been free of symptoms since she
avoided further contact with maleated soybean oil in any
form.

Discussion

Maleated soybean oil (MSO), CAS no. 68648-66-8, is
an amber-yellow viscous substance, originally mar-
keted by ISP Van Dyk (USA) as Ceraphyl GA®. This
emollient has been implicated in contact dermatitis
from cosmetics, 4 patients being reported from Bel-
gium (3). A subsequent report (4) concerned a facial
dermatitis due to the same moisturizing cream as in
Belgium (An Goossens, personal communication).
Patch testing was positive to a mixture of MSO and
myristal lactate but not to myristyl lactate alone.
MSO, although not tested alone, was therefore the
likely sensitizer (4).

MSO is the reaction product of fumaric acid and
soybean oil, which is a mixture of triglycerides of
oleic, linoleic, linolenic and saturated acids (5) that are
usually non-sensitizing. Several complaints of contact
dermatitis have been made to the firm, involving vari-
ous cosmetics containing MSO in Europe (ISP, per-
sonal communications). Suspecting an impurity as the
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allergen, the producer initially provided “purified”
MSO, available as Ceraphyl GA-D® (distilled Cera-
phyl GA), in which shorter-chain fatty acids were
eliminated. However, such distillation scarcely dimin-
ished the allergenicity of the oil, since the purified sub-
stance gave positive patch test reactions in 3/3 patients
tested (3), as it did in our patient.

Ceraphyl GA-D® was then discontinued, and re-
placed by Ceraphyl NGA®, a less-coloured and de-
odorized formula. Nevertheless, according to the firm,
even high purification (up to 99.9%) of the product
did not decrease the risk of allergic contact dermatitis.
Hence, the hapten seems to be MSO, likely by way of
monomers or oligomers rather than the polymer itself.
Finally, Ceraphyl NGA has ceased to be provided by
ISP for commercial purposes. Therefore, this report
should be one of the last gasps of an expiring cos-
metic allergen.

Acknowledgements

Thanks are due to Professor An Goossens, Mr. Poret
(EPB Jeanne Gatineau), Mrs. Longuet and Mr. Four-
geaud (ISP France), and Mr. A. S. Ritchie (ISP Europe).

References

1. Lachapelle ] M, Ale S I, Freeman S, Frosch P J, Goh C L,
Hannuksela M, Hayakawa R, Maibach H I, Wahlberg J E.
Proposal for a revised international standard series of
patch tests. Contact Dermatitis 1997; 36: 121-123.

2. De Groot A C. Patch testing. Test concentrations and ve-
hicles for 3700 chemicals, 2nd edition. Amsterdam: Elsev-
ier, The Netherlands, 1994.

3. Dooms-Goossens A, Buyse L, Stals H. Maleated soybean
oil, a new cosmetic allergen. Contact Dermatitis 1995; 32:
49-51.

4. Wantke F, Hemmer W, Gotz M, Jarisch R. Contact derma-
titis from jojoba oil and myristyl lactate/maleated soybean
oil. Contact Dermatitis 1996; 34: 71-72.

5. Budavari S, O’Neil M J, Smith A, Heckelman P E, Kinnea-
ry J F (eds): The Merck Index, 12th edition, Merck & Co.,
Inc. Whitehouse Station, NJ, USA, 1996.

Frullania dermatitis
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Allergic contact dermatitis caused by the liverwort Frul-
lania has been well described in SW France, Portugal,
Spain and Canada, but not in the UK. Liverworts and
lichens thrive in warm, moist conditions with a relatively
unpolluted atmosphere. In the extreme SW of the UK,

the county of Cornwall provides just such a habitat.
During the past 20 years, we have seen 3 cases of allergic
contact dermatitis from Frullania, all in men whose
work has involved tree felling. These are the first re-
ported in the UK.
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Case Reports

Our st patient was a 34-year-old forester, working on a
large private estate on the Fal estuary of the southern
Cornish coast. He presented in spring with acute eczema
of head, neck and hands, including eyelid swelling (Fig
1), which had occurred 2 weeks previously when he was
felling young, healthy chestnut trees. He had a similar
eruption 8 months later, after felling beech. This man
had no previous history of eczema of any kind. Patch
testing to sawdust and a variety of woods was com-
pletely negative. The European standard series showed
only a weak positive reaction to nickel (usnic acid/ses-
quiterpene lactones were not included in 1977). The pa-
tient commented that the eczema would clear completely
when he had time off work.

6 years later, he returned with similar signs after fel-
ling young ash trees. Within 24 h, he had developed an
acute rash of his face, genitalia and feet. Patch tests to
ash bark, woods and sawdust were again negative. At
that time, we visited his workplace and noticed a variety
of lichens and bryophytes on the young ash saplings
with which he had been in contact. These were identified
as the lichen Parmelia caperata and the liverwort Frul-
lania dilatata (Fig. 2). Patch tests were then repeated
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using these directly, usnic acid and other mosses. Our
forester reacted very strongly to Frullania and positively,
but less so, to Parmelia and usnic acid. By avoiding con-
tact with lichens and liverworts, he has been able to con-
tinue working with wood for a further 10 years.

The other 2 cases were similar. 1 man worked on an
adjoining private estate. He had an intermittent facial
eruption over a 20-year period, occurring only after
woodcutting. The 3rd patient lived 30 miles further to
the southwest, in even wetter and warmer conditions. He
developed an acute eczematous rash of the face and
wrists after cutting down sycamore trees. This had first
occurred several years earlier, in similar circumstances.
He was in the building trade and able to handle wood
without bark without any problem. In both these latter
cases, patch tests were strongly positive to sesquiterpene
lactones and slightly less so to usnic acid.

Discussion

Frullania belongs to the botanical order known as bryo-
phytes. These are composed of mosses (musci) and liver-
worts (hepaticae) and reproduce by means of spores.
Frullania leaves are composed of 2 round lobes, one
large and flat and the other helmet shaped. Frullania
species are worldwide in distribution, but rarely found
in cold climates. Most grow epiphytically on the trunks
of trees and are very resistant to dessication, persisting
on the bark of fallen trees. More than 350 species have
been described, of which Frullania dilatata is the most
common in Europe (1).

Allergic contact dermatitis from Frullania has been
widely described, in the foresters of SW France (2) and
Portugal (3, 4), in Europe and the Vancouver area of
Canada (5). It is produced both by direct handling of
trees and also via airborne distribution of sensitizing
particles from the action of chainsaws. This latter
method results in an eczema which mimics photoderma-
titis, affecting the face and exposed skin, but differs
from it by not sparing the eyelids or nasolabial folds.
Similar airborne sensitization has been described in
Spain, simply as a result of walking through heavily
wooded areas in warm weather (6), when volatilization
of sensitizing particles can occur.

Sensitization by Frullania is caused by sesquiterpene
lactones, of which frullanolide is the most important.
This exists in 2 natural forms, dextro- and levo-, and
sensitivity is stereospecific. Only the dextro- form is
found in Frullania dilatata (7), the species identified in
the Cornish woodlands. Sesquiterpene lactones are also
the main allergens in unrelated plant families, including
Compositae, Magnoliaceae and Lauraceae (sweet bay).
These were not present in the woods where our patients
worked. Direct patch testing with Frullania particles may
produce active sensitization (8) and should not therefore
be used as a screening procedure, but only when the his-
tory is suggestive of established sensitivity to liverworts.

The patients described also had positive patch tests to
usnic acid, the main allergen of lichens. One of these,
Parmelia caperata, was identified on the trees where our
Ist patient worked, sometimes overlying Frullania dilata-
ta. Lichens are fungi growing symbiotically with algae.
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They reproduce vegetatively, when fragments drop off
to form new plants. Parmelia and Frullania commonly
coexist in close proximity and cause dual sensitization in
foresters. This is not a cross-reaction, since the chemical
composition of usnic acid differs from that of sesquiter-
pene lactones, the latter being the more potent sensi-
tizers (9)

In conclusion, the warm, moist relatively unpolluted
atmosphere found in Cornwall allows liverworts and li-
chens to flourish. They grow in a sufficiently wide area
of the southern part of the county to cause a practical
problem to the foresters whom we have described.
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Case Report

A 67-year-old playgroup leader gave a 3-year history of
an itchy eruption on the exposed skin of her upper
limbs, which spread to the lower legs. There was a strong
relationship to sun exposure, with clearance during the
winter months. She presented with an acute exacer-
bation following sun exposure, during which she had
used a proprietary SPF 25 sunscreen. She had a history
of polymyalgia rheumatica, for which she had taken sys-
temic corticosteroids for 2 years commencing 1 year be-
fore onset of rash. Medication at presentation was pred-
nisolone 5 mg oral daily.

An open test to her sunscreen was positive. She was
patch tested to an extended European standard series,
facial and preservative series, plant series and photo-
patch series, in addition to her sunscreen. There was a
positive reaction to caine mix which was considered ir-
relevant. Positive results at 2 and 4 days (D) were ob-
tained to the sunscreen. She was subsequently tested to
the constituents of the sunscreen and was positive at D2
and D4 to tetrahydroxypropyl ethylenediamine 10% pet.
There had been no reaction to ethylenediamine pre-
viously. 20 control subjects were subsequently patch
tested to the same % of tetrahydroxypropyl ethylenedi-
amine, with no positive reactions.

Discussion

Although contact dermatitis due to the sunscreens in
products used for solar protection is recognized (1),
many patients are in fact sensitive to other ingredients
in the product (2-4). We have found no previous reports
of contact allergy to tetrahydroxypropyl ethylenedi-
amine, which is derived from ethylenediamine by the ac-
tion of propylene oxide (5) and is used as a humectant,
plasticizer and emulsifier in a number of industrial pro-
cesses.

It might be expected that cross-reactions would occur
between ethylenediamine and closely-related derivatives,
and that ethylenediamine would therefore be a useful
screen for such a sensitivity. However, failure to respond
to the parent compound in the setting of sensitivity to a
derivative has also been recorded for ethylenediamine
tetra-acetic acid (EDTA) (6, 7).
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Case Report

A 49-year-old aircraft mechanic developed eczema on
the hands, wrists and forearms, which disappeared on
sick leave and repeatedly relapsed at work. He wore
polymer gloves for handling organic solvents and
greases, though the gloves did not totally protect his
wrists. He was also exposed to greases from contami-
nated surfaces when working without gloves. A total of
6 patch test sessions were performed, according to the
recommendations of the ICDRG, with many test series
(modified European standard, rubber chemicals, anti-
microbials, oils and cutting fluids, textile dyes, coconut
oil compounds, ethanolamines) as well as materials sup-

Table 1. Compound allergens (7)

Aureomycin® cream**
Budesonide®**

Boots E45®%*
calcipotriol cream**
Colgate® toothpaste**
cosmetic foundation cream**
Daktarin® Cream*
Elics® eyedrops*
Haelan® cream®**
Hirudoid® Cream*
Medi-swab®**

patch testing marker**
Sepso®**

Spectroban® 15 lotion**
Steret® swab**
Steri-lette®**
Ultracool®**

Zovirax® cream**

* Products with identified new allergens or known allergenic
combinations of ingredients.
** New allergen not identified.

plied by the patient, and the components of 1 such
grease.

In the Ist patch test session, phenyl-o-naphthylamine
(PAN, syn. N-phenyl-1-naphthylamine, CAS 90-30-2,
1% pet., Fig. 1), an antioxidant in greases (1-4), was the
only positive. In the 2nd patch test session, 1 of the
greases supplied by the patient was positive in a dilution
series (as is, 20%, 10% pet.; all ++), while negative in
20 controls. Tests with the grease components (ready-
made patch test substances supplied by the manufac-
turer) did not identify the actual allergen.

In further patch test sessions, freshly made PAN up
to 10% pet., acet. and aq. was negative. However, the
patient was positive to PAN 0.5-2% pet. which had been
stored for 2 months. An oxidation product of PAN
(oxidized by hydrogen peroxide) at 10% acet. was also
positive. Later, the grease was analyzed by mass spec-
trometry/gas chromatography and shown to contain
0.94% PAN. Accordingly, the industrial grease probably
contained both PAN (to which the patient did not react)
and oxidized PAN (to which the patient reacted).

In conclusion, the patient was allergic to an oxidation
product of PAN in industrial grease, but did not react
to freshly made PAN. This might be considered a com-
pound allergy, in which the allergen is formed within the
causative product, in this case, when PAN was oxidized
during manufacturing or storage.

Table 2. Previously-reported cases of occupational compound
allergy

Product

Putative or proven allergen Ref.

cutting oil  triethanolamine caprylate formed (8)

from triethanolamine and caprylic acid

chemical tetrahydro-epoxy-ethylanthraquinone 9)
synthetic (TEEQ), formed in the solution.
solution
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Fig. 1. Phenyl-a-naphthylamine.

Discussion

Compound allergies, first attributed to a cosmetic by
Calnan (5), are usually identified to cosmetics or medic-
aments (Table 1). Compound allergy occurs when a
preparation is found to be allergic on patch testing,
whilst its individual ingredients are found to be negative.
Table 1 shows such preparations (6, 7).

Few cases of occupational compound allergy have
previously been reported (6-9; Table 2).

PAN allergy has occasionally been reported (1-4).
Based on our experience, some of these cases may in fact
have been compound allergy. If PAN is not freshly made,
the actual substance patch tested may be an oxidation
product of PAN, perhaps a hydroperoxide or hy-
droxylamine of PAN.

Contact Dermatitis 2000: 43: 123

References

1. Boman A, Hagelthorn G, Jeansson I, Karlberg A-T,
Wahlberg J E. Phenyl-a-naphthylamine. Case report and
guinea pig studies. Contact Dermatitis 1980: 6. 299-300.

2. Kalimo K, Jolanki R, Estlander T, Kanerva L. Contact
allergy to antioxidants in industrial greases. Contact Der-
matitis 1989: 20: 151-152.

3. Carmichael A J, Foulds I S. Isolated naphthylamine allergy
to phenyl-a-naphthylamine. Contact Dermatitis 1990: 22:
298-299.

4. Freeman S. Allergic contact dermatitis due to an industrial
grease caused by the antioxidant phenyl-a-naphthylamine.
Am J Contact Dermatitis 1991: 2: 117-118.

5. Calnan C D. Compound allergy to a cosmetic. Contact
Dermatitis 1975: 1: 123.

6. Bashir S J, Maibach H 1. Compound allergy. An overview.
Contact Dermatitis 1997: 36: 179-183.

7. Bashir S J, Kanerva L, Jolanki R, Maibach H 1. Occu-
pational and non-occuptional compound allergy, In:
Kanerva L, Elsner P, Wahlberg J E, Maibach H I (eds):
In: Handbook of occupational dermatoses. Berlin: Springer,
2000: in press.

8. Shrank A B. Allergy to cutting oil. Contact Dermatitis
1985: 12: 229.

9. Wilkinson S M, Brittain J, Beck M H. Allergic contact
dermatitis from an anthraquinone derivative in a chemical
plant. Contact Dermatitis 1994: 30: 241-242.
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Transepidermal water loss (TEWL) is regarded as a
marker of skin barrier function. The standard site for
TEWL measurement is the volar forearm (1, 2). TEWL
is frequently used in evaluation of skin barrier repair
caused by cosmetic or dermatologic formulations. These
preparations are mainly applied to the face, so it seems
reasonable to evaluate TEWL at the common site of ap-
plication of topical formulations. Recently Schnetz et al.
(3) reported intra- and inter-individual variations in
TEWL on the face. Here we present our partly different
results of a similar study.

Materials and Methods
Subjects and TEWL measurement

15 healthy individuals (8 female and 7 male), with no
history of skin disorders, were included in the study.
Their age ranged from 21 to 70 years, mean 40.5+16.8
years. TEWL measurements were performed with Tewa-
meter TM210 (Courage-Khazaka, Cologne, Germany)
according to the guidelines of the Standardization
Group of the European Society of Contact Dermatitis

(1) and were expressed in g/m*h. Measurements were
carried out in the same room at a stable temperature of
20-21°C and relative humidity of 45-48%. Individuals
rested for 10-20 min before TEWL evaluation and used
only tap water for cleaning their face 1 day before and
during the study. TEWL was measured 2X daily (8-10
am and 6-8 pm) for a consecutive 3 days. 6 facial loca-
tions and the volar forearm (control site) were chosen.
The facial locations were as follows: center, right and
left sides of the forehead, middle of the right and left
cheeks and center of the chin. The order of measure-
ments was randomized to minimize “lst measurement
effect”. The study was carried out in January.

Statistical analysis

The mean and median values with 25th and 75th percen-
tiles were calculated for each location. Morning and eve-
ning as well as forearm and facial measurements were
compared by paired Student z-test. Coefficient of vari-
ation was used to evaluate inter-individual variations.
ANOVA analysis of variance was employed to assess in-
tra-individual variations in TEWL measurements (fore-
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Fig. 1. Distribution of TEWL at different locations (inter-indi-
vidual variations): 1 — forearm, 2 — center of forehead, 3 — right
side of forehead, 4 — left side of forehead, 5 — middle of right
cheek, 6 — middle of left cheek, 7 — center of chin.

arm and facial locations) over 3 consecutive days. Ad-
ditionally, the Spearman rank test was used to check
eventual correlation between forearm and facial meas-
urements. p-values less than 0.05 were considered as sig-
nificant.

Results

The mean TEWL on the volar forearm (13.9 g/m?/h)
was significantly lower (p<<0.001) than on facial loca-
tions. The highest average TEWL was observed at the
center of the chin — 31.9 g/m?/h, followed by the right
cheek — 28.0 g/m?/h, left cheek — 27.4 g/m?/h, and fore-
head locations: left side — 21.8 g/m?/h, center — 21.6 g/
m?/h and right side — 21.4 g/m?*h. The mean TEWL
morning measurements were only slightly, not signifi-
cantly, lower than those of the evening measurements
(data not shown). Inter-individual variations are pre-
sented on Fig. 1 and Table 1. Coefficient of variation on
the forearm was lower than on forehead locations and
much lower than on the cheeks and center of the chin.
Coefficients of variation of the majority of evening
measurements were higher than of morning ones (Table
1). Intra-individual reproducibility over a period of 3
consecutive days showed no significant variability be-
tween all morning measurements and the majority of
evening ones (Table 2). Positive significant correlation
was found between TEWL measurements on the volar
forearm and center of the forehead (p<<0.04).

Discussion

TEWL measurements are different on various skin sites
(1). The mean TEWL values in our study were higher
than the majority of those reported (reviewed in (1)), but
almost identical to those of Schnetz et al. (3). Our study
showed good reproducibility of facial TEWL measure-
ments over time, which is also in agreement with their
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Table 1. Coefficients of variation of TEWL measurements at
different locations (inter-individual variations)

Coefficient of variation

morning evening
Location measurements — measurements
forearm 14.4 31.9
center of forehead 39.5 43.4
right side of forehead 30.6 61.2
left side of forehead 39.0 52.4
middle of right cheek 177.0 163.3
middle of left cheek 159.1 182.0
center of chin 169.8 193.6

Table 2. Reproducibility of TEWL measurements over time (in-
tra-individual variations): p-values from ANOVA analysis of
variance of the hypothesis of no time effect

p-values
morning evening
Location measurements  measurements
forearm 0.26 0.20
center of forehead 0.15 0.42
right side of forehead 0.42 0.08
left side of forehead 0.08 0.02
middle of right cheek 0.27 0.73
middle of left cheek 0.58 0.36
center of chin 0.51 0.07

data (3). All forehead locations proved to be sites with
relatively lower variations in TEWL compared to other
facial sites, though generally inter-individual variations
were higher on the face than on the forearm, and were
much higher than described by Schnetz et al. (3). The
German group also demonstrated greater variability at
the center of the forehead (3). Our data indicate that
TEWL measurements on the face are not as stable as
on the forearm, but that, among facial sites, forehead
locations seem to be the best for bioengineering studies.
TEWL should preferably be evaluated in the morning
as morning measurements showed smaller variability.
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Allergic contact dermatitis from pine tar
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Pine, beech, juniper and birch tars may all be present in
topical medicaments, deodorants, shampoos, tooth
powders and disinfectants (1).

Case Report

A 61-year-old woman, with a 3-year history of vesicular
foot eczema, presented with an acute dermatitis that had
developed 1 month previously at the same site. She was
patch tested with the GIRDCA standard series (Trolab-
Hermal) and with the medicaments that she had used,
giving a ++ reaction to Herbatar plus cream® at D3.
She subsequently showed positive reactions to coal tar,
birch tar, beech tar, juniper tar and pine tar in a tars
series at D2 and D3 (++/++). Herbatar plus cream®
was found to contain only pine tar. The patient did not
recall that she had used tar preparations before, remem-
bering only having used topical corticosteroids. Her skin
lesions rapidly resolved after treatment with topical
corticosteroids.

Discussion

Pine tar, like coal tar, is widely used as a topical prepara-
tion for psoriasis and eczema because of its cytostatic
properties. Allergic contact dermatitis from pine tar is

quite rare and Roesyanto et al. (2) believe that combined
allergy to both wood tars and coal tar could be the
consequence of cross-sensitization, rather than of pre-
vious topical treatment with tar derivatives. There are
also reports of combined allergy to wood tars and fra-
grance mix and to woods tars and balsam of Peru
(Myroxylon Pereirae) (1-4), but our patient was negative
both to fragrance mix and balsam of Peru. Her lack of
recall of previous tar preparations may mean that this
was a primary sensitization to pine tar.
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Case Report

A 40-year-old biomedical scientist developed irritation
and oedema of the eyelids, along with pruritus, vesicu-
lation and fissuring of the fingers. These symptoms
seemed to be associated with his job and were more pro-
nounced on night shifts. On weekends and when on hol-
idays, his symptoms would subside. He had worked in
our hospital haematology/blood transfusion department
for the last 2 years. The problem had begun when a new
batch of the immersion oil from the same manufacturer
came into use in summer 1998. This new batch had “irri-
tant” stamped on it. Emollient creams, improved skin
care and wearing gloves helped his hands to some extent,

but not his facial rash. He gave no personal or family
history of atopy, and had had no skin complaints pre-
viously.

Patch testing to thes European standard series of
allergens and the new immersion oil at 10% and 1% pet.
was performed. He showed a ++ reaction to both di-
lutions of the immersion oil at 2 and 4 days, but did not
react to epoxy resin in the standard series (Chemotech-
nique). Constituents of the immersion oil were therefore
obtained from the manufacturer (Leicia Microsystems
UK), and he was patch tested to them at 10%, 5% and
2% pet., as well as to an epoxy series (Chemotechnique).
This showed +++ reactions to modified bisphenolic
resins, 1,4-butanedioldiglycidylether mixture and modi-
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fied cyclohexyl epoxy resin at all 3 concentrations. In the
epoxy series, + reactions were obtained to cycloaliphatic
epoxy resin and phenylglycidyl ether on D4.

He changed his place of work, and began using an
immersion oil from a different manufacturer, with no
recurrence of his skin problem.

Discussion

There have been a number of reports of allergy to im-
mersion oil used for microscopy since the initial reports
(1-3) 2 years ago. Most such cases have had facial in-
volvement consistent with an airborne contact derma-
titis. Their incidence is attributed to chlorinated paraf-
fins having been substituted in the formulation by epoxy
resins, because of ecological concerns.

Our patient had features of both airborne contact der-
matitis and hand dermatitis. In his laboratory, oil im-
mersion was used for all haematology slides. The same
microscope was used by different laboratory personnel,
traces of immersion oil persisting on the bench area, the
slide holder and the eyepiece of the microscope (4). Our
patient wore spectacles, which he would take off and
place near the microscope before examining a slide,
which might have resulted in transfer of such contami-
nation. He spent more time looking at blood films at
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night when on duty on his own, rubbing his eyes and
scratching his face more often with increasing tiredness,
which would explain why his problem was worse at
night.

In our patient, patch testing to epoxy resin in the stan-
dard series was negative. This was misleading and could
have led us to missing the cause of his contact allergy,
had we not also tested him to an epoxy series and the
suspected allergen. We recommend patch testing with an
epoxy series, rather than relying entirely on the epoxy
resin in the standard series, in such cases.
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