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ABSTRACT
Colophony - also called rosin - is a material obtained from coniferous trees. It is used widely in

many products, particularly because of its good tackifying properties. Colophony is also used in
paper sizing to increase water resistance.

Colophony may cause contact allergy, and around 5% of Swedish dermatitis patients show allergic
reactions to colophony at patch testing. There are many case reports of colophony in different
products causing contact dermatitis. Often, however, the clinical relevance of a positive patch-test
reaction to colophony is difficult to evaluate.

The principal aims of the present thesis were to study the prevalence of contact allergy to
colophony and of skin disease in individuals with an occupational exposure to colophony; to study
the prognosis of dermatitis in colophony-sensitive subjects, and to investigate the outcome of
repeated open applications of colophony, thereby trying to elucidate the clinical relevance of
contact allergy to colophony.

Employees of a tall-oil rosin (colophony) factory (n=180), and of an opera company where
colophony was used in dancers’ rosin, mascara and wig glues (n=132), were interviewed, examined
and patch tested. 3.9% and 2% of these two groups respectively had a positive patch test to
colophony. More than every fourth participant showed some kind of skin disease, but only few
cases were related to work.

Eighty-three patients with previously diagnosed contact allergy to colophony were followed-up.
72% showed a positive patch-test reaction to colophony at re-testing. Around one third had hand
eczema. There was no significant correlation between colophony exposure and current hand
eczema.

Adhesive bandages containing colophony and zinc oxide (ZnO), colophony and mixes of
colophony and ZnO, were tested in 7 colophony-sensitive subjects to see whether addition of zinc
oxide inhibited elicitation of allergic dermatitis to colophony, which has been proposed. No
difference in reactivity between colophony and colophony/ZnO was seen at patch testing, and there
were positive patch-test reactions to all colophony-containing bandages. Thus no inhibitory effect
of ZnO was shown.

Repeated open application tests were performed with cobalt chloride and colophony in sensitized
guinea pigs. The animals were also patch-tested. A dose-response correlation was found with both
cobalt chloride and colophony. There was a concordance between patch-test reactions and reactions
at repeated open application tests, the higher the concentration of the allergen at the open test the
stronger the concordance.

In 13 colophony-sensitive subjects serial dilution patch tests with colophony were performed
followed by repeated open application tests using colophony of different concentrations once daily
for two weeks. Reactions were assessed visually, by laser Doppler flowmetry and by measurements
of transepidermal water loss. Ten subjects reacted at open applications with colophony 20%. The
strength of the reaction varied greatly. A correlation between the threshold concentration at patch
testing and the outcome of the repeated open application tests was found and also a dose-response
relationship. Nine healthy controls did not react to repeated open applications with colophony. The
measurements of transepidermal water loss and bloodflow was of no additional use to visual
assessment when evaluating repeated open application test reactions with colophony.



INTRODUCTION

That some substances can cause dermatitis when the skin is exposed, has long been known
anecdotally (1). Some 200 years ago the etiology of dermatitis was already being discussed,
but not until the past few decades have we understood some of the underlying mechanisms of
contact allergy (2). Jadahsson, a hundred years ago, presented the first “patch test” for
investigating contact dermatitis, although he himself did not call it patch testing at the time (3).
As colophony is a material that has been used since ancient times, skin problems caused by
colophony must most probably have been known for a long time too.

Colophony, what is it?

Colophony is a naturally occurring material, obtained from different species of coniferous
tree (family Pinaceae). There are two major ways of producing colophony. The most
common, world-wide, is by processing it from oleoresins (exudates) tapped from living trees
- gum rosin. The other way is by distillation of tall oil, a byproduct of the paper pulp industry
- tall-oil rosin. In this thesis the term “colophony” will be used for both types when not
specified, although in some literature, particularly American, the term “rosin” is generally
used.

China, Latin American countries and Portugal are great producers of colophony of the gum
rosin type. No gum rosin is produced in Sweden or the other Scandinavian countries.
Sweden, however, is a great producer of tall-oil rosin, as are e.g. Finland, the USA and
countries of the former USSR (4-7).

Chemical composition

Colophony is a complex mixture of resin acids (about 90%) and neutral substances ( 10%).
Its composition varies with the species from which it is obtained and also depending on
recovery processes and storage. The acids - both in gum rosin and tall-oil rosin - are
dipertenoid acids mainly of two types, abietic (Fig 1) and pimaric. Tall-oil rosin contains less
abietic acid and more dehydroabictic acid than gum rosin does. It also contains some
modified resin acids. The neutral substances of gum rosin consist mainly of aldehydes and
alcohols of the corresponding resin acids while the neutral substances of tall-oil rosin consist
mainly of fatty esters and hydrocarbons formed from sterols. Colophony is easily oxidized
by air. Abietic acid is more susceptible to oxidation than dehydroabietic acid is. In technical
products oxidation is usually not desired since it makes colophony brittle and dark in colour.
Today most colophony is, for technical reasons, modified in different ways through reaction
with various chemicals (5-8).
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Fig 1. Abietic acid (left) and dehydroabietic acid (right).



Use

The total world-wide production of colophony is about one million tons per year. Around
one third goes to the paper industry, where it is used to increase the water resistance of paper
(paper size). Another third is used for production of adhesives and printing ink and the rest
for other purposes (4). Colophony has three main technical properties; it has good tackifying
qualities, it can be used as an emulsifier and it has acid properties without causing corrosion.
It is therefore used in a vast number of different products (4-7, 9-12). Gum rosin and tall-oil
rosin are often interchangeable, despite the difference in composition (4-6).

In Sweden colophony is found in about 170 different products - 45 for consumer use, apart
from cosmetics (13). The extent to which it is used in cosmetics is not known since, so far,
cosmetics are very seldom labelled with ingredients. Some common products generally
containing colophony are listed in Table 1. Paper may contain added modified colophony in
order to enhance its quality. In paper made from mechanical pulp colophony components are
incorporated depending on the production process (14).

The amount of unmodified colophony in different products varies - from 20% or more in
some adhesives, paints and soldering fluxes for electronic assemblies to small traces in
products containing mainly modified colophony (13, 15). The amounts are seldom declared
on the package. However, all products in the EU containing 1% colophony or more should
now be labelled with an allergy warning (16).

Table 1. Some common products which often contain colophony (5, 9, 10).

plaster and adhesive bandages polishes

mascara soldering fluxes
depilatory waxes insulating tapes
some dental materials paints and lacquers
glues, adhesives and tapes cooling fluids
wood and gum from pine trees printing inks
dancers' and string players' rosin paper
Allergenicity

Allergic contact dermatitis from colophony in adhesives has been known for more than 50
years (9, 17) and colophony was first used in a standard series of patch testing for contact
allergy in 1939 (18).

The main allergenic compounds in colophony are oxidized acids of the abietic type (19-23).
Tall-oil rosin has a lower allergenic activity than colophony of the gum rosin type (20, 24-
25), partly due to a lower content of abietic acid (20). With modification the allergenicity is
often altered and new allergens may develop (25-32). There is, however, some unmodified
colophony left in the final product (30). The allergenicity of colophony and of the different
constituents of unmodified and modified colophony has been thoroughly studied by
Karlberg, Gifvert and coworkers (19-20, 24, 26, 28-40) and by Hausen et al. {2122, 25, 27,
41-43) but others have also studied the allergenicity of unmodified colophony (23, 44).




It has been suggested that zinc oxide may have an inhibitory effect on the elicitation of
allergic contact dermatitis due to colophony in colophony-sensitive subjects. One hypothesis
is that this could be due to the formation of salts, so-called zinc resinates (45).

Methods for detecting colophony components

Components of colophony may be detected by gas chromatography or high-performance
liquid chromatography (HPLC) (46-47). Ehrin and Karlberg have developed an HPLC
method detecting abietic and dehydroabietic acid in different products (15). The method can
detect abietic acid in concentrations of 0.001%, which corresponds to an amount of
unmodified colophony (gum rosin) of about 0.003%.

Contact allergy to colophony

Prevalence

The prevalence of contact allergy to colophony in the general Swedish population is not
known. In an Italian patch-test study of 539 healthy young men, only one showed a positive
test reaction io colophony (48). In a Danish study, 0.7% of a general population of 576
individuals 15-69 years old were patch-test positive to colophony (49). The corresponding
figures of that study for nickel sulphate were 6.7% and for fragrance mix and balsam of Peru
1.1% each.

The prevalence of positive patch-test reactions to colophony among dermatitis patients varies
in different reports from around 2 to 6% (50-55). In the reports differentiating between men
and women there is generally a female dominance. In a Swedish multicentre study of 3690
dermatitis patients patch-tested between September 1991 and February 1993, the prevalence
of positive patch-test reactions to colophony was 5.2% (5.9% among the women and 4.1%
among the men) (personal communication, Prof. T. F ischer, National Institute for Working
Life, Solna, Sweden). A positive patch-test reaction to colophony is often accompanied by
concomitant reactions, particularly to balsam of Peru and fragrance mix (24, 56-57).

Sources of sensitization

Adhesive plasters and bandages have probably been an important cause of contact
sensitization. Nowadays colophony in adhesives is often - at least to some degree - replaced
by acrylates (17). Since colophony is present in many products to which skin exposure is
inevitable (Table 1) probably many different products are responsible for sensitization.

Case reports

There are numerous reports on allergic contact dermatitis caused by colophony in various
products. Most are, however, case reports concerning one or a few cases only and little is
known of how often contact allergy to colophony influences e.g. the health in different
occupations.

Contact dermatitis from occupational exposure to colophony

Colophony may be encountered in many different jobs (58). In the electronics industry
contact allergy to colophony in soldering flux is well-known (59-62). Not infrequently the
dermatitis is due to airborne exposure and located to the face (59).



Since many paints, lacquers and glues contain colophony, employees in the paint industry
may suffer from dermatitis due to colophony allergy. Reports of contact allergy to these
products are sparse, though (63). Employees in the manufacturing industry may experience
dermatitis due to colophony-containing cooling fluids (64-65). Grattan et al. reported a
higher frequency of positive patch-test reactions to colophony in males with a suspected
cutting-fluid dermatitis than among subjects tested for non-occupational eczema (66).
Insulating tapes may cause occupational contact dermatitis due to colophony in the tape (67).
Printing ink contains resins of different kinds, sometimes also modified colophony. Abieto-
formo-phenolic resin in printing ink is reported to have caused allergic contact dermatitis in a
newspaper man (68).

Paper pulp may contain colophony, and colophony in paper has been reported to cause - or
worsen - contact dermatitis due to colophony (14, 69-71). Only one report on occupational
dermatitis in the paper industry was found (72). It showed that two subjects (of 274 workers)
had positive patch-test reactions to paper size - containing unmodified and modified
colophony - but none was positive to colophony from the standard series.

Individuals occupied in different forms of woodwork are exposed to colophony in pine
sawdust and may develop hand dermatitis as well as dermatitis due to airborne allergen
exposure (73), a problem sometimes met also in individuals using sawdust and wood wool
for other purposes (74-76). String players’ rosin consists of unmodified colophony, and
contact allergy to colophony in string players has been known for 60 years or more (77-78).
Dancers also use unmodified colophony to avoid slipping on the floor — dancers’ rosin.
Searches revealed no reports of contact dermatitis to this rosin in dancers, but one in a
dancer’s masseur (79).

Other causes of allergic contact dermatitis from colophony

Colophony and derivatives are important ingredients in many medical plasters and adhesives
and such adhesives might cause contact allergy to colophony and allergic contact dermatitis
(10, 80-82). Other products used for skin treatment may also contain colophony in amounts
large enough to cause allergic contact dermatitis, at least in individuals previously sensitized,
e.g. hydrocolloid dressings (83) wart removers (84-87), Bavarian tiger balm (88), and
traditional Chinese medicine materials (89-90).

Depilatory waxes have been reported as a cause of allergic contact dermatitis from
colophony (91). Cosmetics sometimes contain colophony and there are reports of eye
shadows (92), rouge (93), lip preparations (94-95) and mascara (96-98) causing colophony
contact dermatitis. Bindi are applied by Indian women to the forehead. Recently the adhesive
of bindi has been reported to cause allergic contact dermatitis due to colophony derivatives
(99).

Shoe dermatitis can be caused by colophony in glues (100-101).

Some garden pine trees may cause contact dermatitis in colophony-sensitive gardeners due
to some allergenic material in common with colophony (102-104).

Other less common causes of allergic contact dermatitis from colophony are chewing gum
(105), banknote paper (106) and paper-based surgical clothing (107). Allergic contact
dermatitis on hands and face has been reported from colophony added to beeswax (108) and



from spectacle frame polish (109). Airborne contact dermatitis from colophony in a linoleum
floor, floor polish and paper dust has recently been reported (110).

Some dental materials contain colophony and have reportedly caused stomatitis (111) and
even lichen planus in the mouth (112).

Contact allergy to colophony and light reactions

Many patients with chronic actinic dermatitis show contact allergy, particularly to substances
originating from plants (sesquiterpenes, fragrances, balsam of Peru and colophony) (113-
114). Contact allergy is mostly diagnosed prior to light sensitivity. The significance of the
association between chronic actinic dermatitis and contact sensitivity is unknown (114).

Other health effects of colophony

Colophony causes occupational asthma (115-116). Whether this is due to a type I allergy or
to irritation of the respiratory tract is not fully investigated (116). Colophony may also cause
urticaria (117).

Diagnostic testing in contact allergy

Patch testing

Contact allergy is generally diagnosed by patch testing. At patch testing, test substances are
applied on the skin of the back of the patient, under occlusion in patches, generally for 48
hours (118). The patch-test sites are “read” - the skin is examined for eczematous reactions -
generally after 2-4 days. The time of reading varies, by tradition, in different countries. In
Sweden the tests have generally been read three days after application. It has been shown,
though, that positive patch-test reactions might be missed if tests are read after 3 days only
(119-121) and there is now a recommendation from the Swedish Contact Dermatitis
Research Group to evaluate patch test results twice (personal communication, Prof. JE
Wahlberg).

At patch testing with colophony the gum rosin type is generally used. The patch-test
concentration has varied between 10 and 60% over the years (18, 34, 122-123), but for the
past 10 years, 20% in petrolatum has been the standard for patch testing in Sweden. It has
been suggested to test also with tall-oil rosin, isolated colophony allergens and modified
colophony when contact allergy to colophony is suspected and a standard patch test is
negative (39).

Contact allergy, once induced, is often considered to be life-long (124). There are however
studies that show loss of patch-test reactions in individuals re-tested after some years (125-
131).

Open tests/Use tests

Open tests, i.e. tests where the allergen is applied to the skin without occlusion, are mostly
used for confirmation of a positive patch test to ingredients in a consumer’s product.
Hannuksela and Salo introduced the Repeated Open Application Test ( ROAT), an open test
where the allergen is applied to the same skin site twice daily for seven days (132).



A use test, like the ROAT, often imitates the everyday exposure to an allergen better than the
patch test does. So far the ROAT has been performed mostly with formulated products, but

recently studies where ROATSs have been performed also with allergens have been published
(133-134).

Assessment of patch-test reactions

In clinical practice the patch test reaction is assessed visually and with the fingertips only.
According to international recommendations (118) a patch test is judged positive when there
is erythema and infiltration. Since a weak erythema may be difficult to observe, particularly
in dark skin, and infiltration may be judged differently by different investigators, objective
methods for assessing patch-test reactions would be desirable. Several objective, non-
invasive methods have been developed during recent years e.g: measurement of skin
capacitance, skin conductance and transepidermal water loss (TEWL). The skin’s surface
colour can also be quantified and skin thickness may be measured with high frequency
ultrasound (135). Skin blood flow can be quantified with laser Doppler flowmetry (135,
136). Recently skin impedance has been used in some experimental studies (137) and laser
Doppler perfusion imaging has been used in evaluating skin irritation as well as contact
sensitization (138). So far these bioengineering methods have been used mostly in
experimental studies concerning skin irritation, but sometimes also in assessing allergic
patch test reactions (139-142). Only those methods used in the studies forming this thesis
will be further presented here.

Laser Doppler flowmetry

Laser Doppler flowmetry is based on the Doppler principle that moving red blood cells,
when hit by a light of a certain frequency, will reflect it with a shifted frequency. The
instrument used for flowmetry will give relative, dimensionless values of the blood flow,
which will increase with increased microcirculation in the skin (143). An allergic patch-test
reaction causes inflammation in the skin, which leads to enhanced microcirculation that can
thus be measured with this method. The instrument may be more sensitive than the naked
eye (144). Guidelines for laser Doppler flowmetry have been presented by the
Standardization group of the European Society of Contact Dermatitis (ESCD) (145).

Measuring transepidermal water loss (TEWL)

TEWL refers to the total amount of water vapour loss through the skin, including sweat.
Where sweating is kept low, the water loss reflects the barrier function of the epidermis.
TEWL is measured using an evaporimeter, which estimates the water vapour pressure
immediately above the surface of the skin (146). The method is sensitive to changes in the
environment and subject, and guidelines from the Stadardization group of the ESCD have
been published (147). Skin involved in dermatitis will show a disturbed barrier function.

Testing in experimental animals

Guinea pigs are the experimental animals of choice, when studying contact allergy.
Generally guinea pig studies are performed to evaluate whether a substance has allergenic
properties. There are several methods of sensitizing guinea pigs. Two are the guinea pig
maximization test (GPMT) (148), and Freund’s complete adjuvant test (FCAT) (149). The
animals are sensitized with intradermal injections of the allergen with addition of Freund’s
complete adjuvant to enhance the response and also in the GPMT by topical application of
the allergen.
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The animals are patch tested with the allergen after three weeks - the challenge - to see how
many animals have been sensitized compared to a sham-treated control group.

In a recent study (150), guinea pigs were sensitized with cobalt chloride, a known allergenic
substance, and challenge was done not only with patch testing but also with repeated open
application tests (ROATSs), where the allergen was applied to the skin once daily for seven
days. It proved possible to perform ROATS in guinea pigs, and there was a dosc-response
relationship at the ROATS.
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AIMS OF THE STUDY

The overall aim of the present thesis was to clucidate the clinical relevance of contact allergy
to colophony by:

studying the prevalance of contact allergy to colophony and skin disease in individuals with
occupational exposure to colophony;

studying the prognosis of dermatitis, particularly hand eczema, in individuals with contact
allergy to colophony;

studying whether the addition of zinc oxide to colophony has an inhibitory effect on the
elicitation of allergic contact dermatitis;

developing further an open test method for contact allergy which reflects better than the
patch test the clinical relevance of contact allergy and

comparing the results of colophony patch tests with the outcome of an open test, using
colophony.
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SUBJECTS, MATERIALS AND METHODS

Subjects (I, IL, III, TV, VI)

(I). One hundred and eighty individuals - 134 men and 46 women - participated in the study.
These included 163 of all 180 current employees (91%) plus 17 of 35 invited former
employees, of the only Swedish factory for production of colophony (tall-oil rosin). About
1/4 of the subjects were employed in administrative work, while the others, to some degree,

were exposed to the tall-oil rosin produced. Half of the participants had been with the
company 10 years or more.

(II). One hundred and thirty-two individuals - 79 singers, 37 dancers and 16 make-up artists
(80%, 52% and 100% respectively of total in each working group, 76 women, 56 men, mean
age 38) - of an opera company participated. Mean time in the job was 14 years.

(III). In this study, 83 individuals took part (64 women, 19 men, mean age 48). All of them
had shown a positive patch-test reaction to colophony at patch testing at the Karolinska
Hospital, 9-13 years earlier. The participants were still living in Stockholm and were not
more than 65 years old at the time of the present investigation. 103 subjects were identified,
20 refused participation. The reason for previous patch testing was hand dermatitis in 64 of
the 83 subjects.

(IV). Seven individuals, previous patients at the Department of Occupational Dermatology,
Karolinska Hospital, with known contact allergy to colophony. were patch tested with
colophony in different preparations in this experimental study.

(VD). In this study 13 colophony-sensitive individuals and 9 healthy volunteers, as controls,
were included. The colophony-sensitive subjects were chosen among previous patients at the
Department of Occupational Dermatology at Karolinska Hospital, who during the previous 6
years had shown a positive patch-test reaction to colophony. Most controls were recruited
among hospital staff and chosen to match the colophony-sensitive individuals in gender and
age. The participants had no personal history of atopic dermatitis.

Interview and clinical examination (I, II, TII)

Interviews concerning history of skin disease, type of work, etc were performed with the
help of questionnaires. In one study (I) the questionnaire was sent to the subjects prior to the
interview. The skin of the hands, arms, face, chest and back, as well as other parts of the
body, if affected by skin disease, was examined for dermatitis or other skin disease.

(IIT). Hand dermatitis, present at the clinical examination, was evaluated according to a
scoring system in which fingers, palms, backs of the hands and wrists were examined
separately. Each of these 4 sites scored 1, if there were only patches of dry skin with possibly
1 or 2 fissures. If most of the examined part was involved with dry skin, a score of 2 was
given. When there were also other clinical signs of eczema, scores were doubled to 2 and 4
respectively, depending on the extent of involvement. The scores were then summed with a
possible maximum of 16. The participants were divided into groups by score: (i) no visible



hand dermatitis; (ii) mild hand dermatitis, score 1-4; (iii) moderate hand dermatitis, score 5-8
and (iv) severe hand dermatitis, score = 9.

All interviews and clinical examinations were performed by the author.

Patch testing in humans (I, IL, ITI, TV, VI)

Patch testing in humans was performed by the internationally accepted method (118) using
Finn Chambers” (Epitest Ltd Oy, Finland) and Scanpor” tape (Norgesplaster A/S, Norway).
Application time was 2 days and reading was done 3 days after application. Criteria for a +
reaction were redness and infiltration, for a ++ reaction redness, infiltration and papules
while a +++ reaction also included vesicles.

Test substances
Standard allergens (I, 11, 1II)

Slightly modified European standard series (Chemotechnique Diagnostics, Malmo,
Sweden) including colophony 20% in petrolatum (pet.), were used.

Additional test substances (I, I1, IV, VI)

Portuguese gum rosin (colophony) used in the different studies was obtained from Socer,
Lisbon, Portugal.

(I). Portuguese gum rosin, tall-oil rosin (Beviros 90®), glycerol-esterified tall-oil rosin,
pentaerythritol-esterified tall-oil rosin, maleic-modified rosin esterified with glycerol and
polymerized tall-oil rosin (Bergvik Kemi AB, Sandarne, Sweden) were all used in tests 20%
in pet. Two main components of modified rosin - maleopimaric acid and glyceryl triabietate
- were synthesized in our laboratory and tested 0.6% in pet. and 8% in pet., respectively.

(IT). All participants were tested with dancers’ rosin (20% in pet.) and with 20 different
products - adhesives for wigs and eyelashes, facial and eye makeup, powder, lip gloss -
regularly used for makeup at the time of the investigation. Mascara was tested 75% in pet.
and a black eye makeup 10% in pet. The other products were tested “as is”. Make-up artists
were tested with 5 additional hair care products “as is”. The test material was obtained from
the opera company.

(I, II). Test substances or products where the irritant potential was not known were tested in
healthy controls prior to the study.

(IV). Portuguese gum rosin (colophony) was methyl-esterified. (Previous studies have shown
that there was no significant difference in the eliciting capacity of colophony components
with methyl-esterification (35-36)). Six different commercial adhesive bandages declared to
contain colophony and zinc oxide (ZnO) and one bandage declared not to contain colophony
(as control), were bought from the local pharmacy. Patch testing was performed with
unmodified gum rosin (10% in pet.), a mixture of unmodified gum rosin plus ZnO
(10%+10% 1in pet.), methyl-esterified gum rosin (10% pet.) and a mixture of methyl-
esterified gum rosin plus ZnO (10%+10% in pet.) (Table 6). Pieces of bandage, 1 cm’, were
tested “as is”. Acetone extracts of the bandages were also tested.
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(VD). Colophony-sensitive subjects were patch tested with a serial dilution of colophony
(Portuguese gum rosin) 20%, 10%, 1%, 0.1% and 0.01% in a vehicle of acetone/arachis oil
1:1 (w/w). They were also tested with the vehicle. Controls were tested with colophony 20%
in pet. (Chemotechnique Diagnostics, Malmo, Sweden). No filter paper discs were used in
the Finn Chambers to avoid the risk of colophony adhering to the filter paper (14). Test
substances were applied in a random order and read blindly.

Acetone/arachis oil 1:1 (w/w) was chosen as vehicle after clinical trials with several mixtures
of oils and solvents. It was tested in healthy controls prior to the study and no reactions were
found.

Induction of contact allergy in guinea pigs (V)

The experiments were carried out in female albino Dunkin Hartley guinea pigs (Sahlin,
Malmé, Sweden). Their average weight was 300 g when induction began.

The guinea pig maximization test (GPMT) method (148) was used to induce contact allergy
to cobalt chloride (CoCl,). CoCl, 1% (w/w) in distilled water and in Freund’s complete
adjuvant (FCA) was used for intradermal induction on day 0 and the slightly irritant
concentration 5% in pet. for topical induction on day 7. The control animals were treated in
the same way (FCA, pet., occlusion with Elastoplast, etc.) except that the allergen was
omitted.

To induce allergy to colophony, the Freund’s complete adjuvant test (FCAT) was used
(149). 5% colophony (w/w) in FCA was used for induction (3 injections) while the control
animals received 3 injections with FCA without colophony.

Patch testing in guinea pigs (V)

Guinea pigs were patch tested using Finn chambers (diameter 8 mm, Epitest Ltd, F inland) on
the clipped flanks, according to the original protocol (148), on day 21 prior to ROATS in
some experiments (“pre-ROAT™) and in some also/or after ROATS (“post-ROAT™). Test
concentrations of CoCl, were 0.3% in pet. and in some experiments also a serial dilution test
0.3, 0.1, 0.03, 0.01 and 0.003% (w/w) in pet. Colophony-induced animals were tested with
colophony 10, 3, 1, 0.3 and 0.1% (w/w) in pet. as well as a vehicle control. Approximately
I5 ul of the test preparations was used for each test. Rotation of test sites (3 per flank) and
blind readings were used.

Repeated open application tests (ROAT)s in guinea pigs (V)

Two circular areas with a diameter of 30 mm, were demarcated with ink on the back of the
animals. Test sites were clipped prior to readings and treatments. Treatments were carried out
once daily on days 35-41 after induction (treatment days 0-6) and readings also on day 42.
Readings were done prior to treatments and a positive ROAT was defined when a confluent
erythema was obtained. Treatments were carried out for each animal with two different
substances (one for each test site), in general one concentration of the allergen and the vehicle.
Cobalt-induced animals (and controls) were treated with CoCl, in a 10% dimety] sulfoxide
aqueous solution. Concentrations were 0.1, 0.01, 0.005 and 0.001% (w/w), and approximately
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100 pl was used for each site. Some animals were treated with sodium lauryl sulphate 0.1%
(w/w). Test substances were gently rubbed into the skin with cotton-wool-tipped applicators.
Colophony-induced animals and corresponding controls were treated in the same way, but
with with colophony in acetone/arachis oil (3:1 w/w) 1.0, 0.1 or 0.01%. 50ul of the
colophony preparation was applied to the test site with a micropipette.

ROATS in humans (VI)

The ventral aspect of the subject’s forearms was used for ROATs. Round test sites, three per
arm, with a diameter of 20 mm, were marked and 5 pl of the test substances was applied to
these sites with a pipette, spread over the area with a glass rod and left to dry. Applications
were performed once daily Monday to Friday the first week and Monday to Thursday the
second week. Three concentrations of colophony in acetone/arachis oil 1:1 (w/w): 10%, 1%
and 0.1% were tested. The vehicle was also tested, as was a 25% aqueous solution of sodium
lauryl sulphate (SLS) which was included as a positive control for irritancy (151, 152). One
test site was left untreated as a control site. The test substances were applied in random order
by an assistant, blinded to the investigator. Test sites were assessed daily (Monday to Friday)
by the investigator visually and using two bioengineering techniques. This was done prior to
application of test substances and also the day after the last application. A ROAT reaction
was considered positive when there were five or more maculae or papules within the test
area, or when a homogenous erythema covered the test area.

A pilot study involving five colophony-sensitive individuals preceded the main study. This
pilot study included patch tests with colophony in acetone/arachis oil parallel with colophony
in pet. as well as ROATSs with colophony.

Chemical analyses (IV)

The content of abietic acid in adhesive bandages was analysed using reversed-phase HPLC,
ad modum Ehrin & Karlberg (15). From the samples investigated, colophony compounds
were extracted with acetone in an ultrasonic bath for 15 min. After evaporation of acetone
the extracts were stored at 5°C under nitrogen. The extracts of the bandages were injected in
concentrations of 0.3-10 mg/ml in mobile phase.

To examine whether zinc resinate formed in the mixture of colophony and ZnO, colophony
and colophony + ZnO in pet. were analysed with Fourier-transform infra-red spectroscopy
(FT-IR). The samples were analysed between potassium bromide (KBr) plates.

Bioengineering methods (VI)

Laser Doppler bloodflow and transepidermal water loss (TEWL) were measured in all six
test sites of all 22 subjects undergoing the ROATSs. Measurements were performed daily
(Monday to Friday) for 2 weeks, by the author, prior to application of test substances.

Laser Doppler flowmetry (LDF)

Laser Doppler flowmetry was performed according to guidelines of the ESCD
Standardization Group (145), using the apparatus, Periflux (Perimed, PF1d, Stockholm,
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Sweden). An intergrating probe with a probe holder, PF 107, was used. In this probe a
bundle of seven different fibres with a fibre separation of 0.25 mm is used to guide laser light
to the tissue. Blood flow - in arbitrary units - was recorded on a pen recorder. Measuring
time was 2-3 minutes depending on when stability was reached.

Measuring transepidermal water loss (TEWL)

TEWL from test sites was measured using an evaporimeter, EP1 (Servo Med., Stockholm,
Sweden). Data were recorded using the Evaporimeter applications software package (EVM)
on a personal computer. The TEWL was measured during 60 seconds and the value in g/m’h
recorded was the mean of the last 15 seconds. Two recordings were performed from each
test site and the value presented the mean of those two measurements. The measurments
were performed according to ESCD guidelines (147) and prior to laser Doppler flowmetry.

Statistics (T1, TIT)

Confidence intervals for the differences between proportions were calculated using the
normal distribution (153).

18



RESULTS

Clinical examination and course of dermatitis (I, I1, III)

(I, II). Forty-eight of 180 subjects from the tall-oil rosin factory and 39/132 from the opera
company had some kind of skin disease at examination. The diagnoses and the numbers are
presented in Table 2. Most cases were mild.

Table 2. Number of cases of skin disease present on examination in employees at a tall-oil rosin factory and
of an opera company.

Diagnosis Tall-oil rosin factory Opera company
(n=180) (n=132)

hand eczema, all types 10 7
seborrhoeic dermatitis” 12 4
atopic dermatitis” 1 |
facial dermatitis, other than

seborrhoeic or atopic 3 6
dermatitis on the body, other than

seborrhoeic or atopic 10 ]
psoriasis 3 2
acne 1 6
rosacea B 3
miscellaneous 12 6
all diagnoses 527 40"

afOn face, scalp and/or body. "On face, extremities and/or body. “In 48 individuals.
“In 39 individuals.

(TIT). On examination 41 of 83 former patients had some degree of hand dermatitis (some
also dermatitis of other locations). Hand dermatitis was scored as mild in 24 cases, as
moderate in 10 and severe in 7 cases (Table 5). Numbers of participants and locations of
dermatitis at onset and at present examination are presented in Table 3. Among those
subjects where hand dermatitis was the reason for previous patch testing, 59% had current
hand dermatitis. Among the others, 16% had hand dermatitis at the present examination. The
difference between these groups is statistically significant (p<0.001).

Table 3. Numbers of participants and locations of dermatitis at onset and at follow-up examination.
Location (no. participants=83)

other than no
Period hands” face” hands or face dermatitis
at onset 64 6 12 19
at follow-up examination 41 1 5 36"

“ Hands only or in combination with other locations.” Face only or in combination with other locations,
except hands. “1 individual reported no dermatitis, but had been patch tested due to unclear systemic
symptoms, 1 individual had ongoing psoriasis, 1 had paronychia, 34 had no skin lesions.
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Twenty-six of 83 former patients, when followed-up after approximately 10 years, reported a
chronic course of hand dermatitis, 31/83 reported longer periods healed than with dermatitis,
and another 26 reported that they had had no hand dermatitis during the follow-up period.

Patch testing in humans (I, II, I11, IV, VI)

Standard series (I, 11, III)
(I, IT). The results of patch testing with the standard series, in employees of the tall-oil rosin
factory and the opera company, are presented in Table 4.

There were four positive patch-test reactions to colophony among present employees of the
factory and three among former employees. Among the opera company two singers and one
dancer showed positive patch test reactions to colophony.

Table 4. Number of positive patch test reactions to substances of the standard series, tested in employees at a
tall-oil rosin factory and of an opera company.

Test substance * Tall-oil rosin factory Opera company
Conc. in pet. (n=180) (n=132)
nickel sulphate 5% 10 16
balsam of Peru 25% 5 10
fragrance mix 8% 4 9
potassium dichromate 0.5% 6 5
colophony 20% 7 3
4-phenylenediamine base 1% 3 2
cobalt chloride 0.5% or 1% 1 4
caine mix 3% 3 not tested
Kathon CG 200 ppm (in water) 1 2
epoxy resin 1% 0 3
lanolin 100% or wool alcohols 30% 2 0
benzocaine 5% 2 0
formaldehyde 1% 0 2
thiuram mix 1% 0 2

“Results presented for substances with > 2 pos. reactions.

(III). Sixty of the 83 previously diagnosed colophony-sensitive patients showed a positive
patch-test reaction to colophony at the re-testing. In 12 cases this was a solitary positive
patch-test reaction. Forty-eight subjects had one or more concomitant positive patch-test
reactions. The most common reactions were to nickel (34 cases) and fragrance mix and/or
balsam of Peru (34 cases). Results of patch testing in relation to current hand dermatitis are
presented in Table 5.
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Table 5. Results of patch testing related to findings on examination in 83 individuals in whom contact allergy
to colophony was diagnosed 9-13 years previously.

Findings on examination (n=83)

Result of current no hand mild hand moderate severe
patch testing dermatitis dermatitis hand dermatitis hand dermatitis
(n=42) (n=24) (n=10) (n=7)

Positive to colophony
only (n=12) 5 5 0 2

Positive to colophony
and other substances
m=48) 23 15 5 5

Negative to colophony,
positive to other
substances (n=17) 9 -+ 4 0

Patch-test negative

(n=6) 5 0 | 0

Additional test substances (I, IL, IV, VI)

(I). One of the seven colophony-sensitive subjects at the factory, a former employee, also
reacted to tall-oil rosin. There were no reactions to the modified rosins.

(IT). According to lists of ingredients or chemical analyses, only four of the tested products
from the opera company contained colophony. Those subjects reacting to colophony at patch
testing also reacted to some colophony-containing product at work. In addition, one subject,
with a negative test to colophony, reacted to three colophony-containing products. The
dancer reacting to colophony had a doubtful reaction to her dancers’ rosin only. There were
few patch test reactions to the other products tested.

(IV). The result of patch testing with the different colophony preparations in seven
colophony-sensitive subjects is presented in Table 6. Five of the seven adhesive bandages
(both “‘as is” and as extracts) gave positive reactions in all subjects, but one (no. 7, Table 6).
There were no positive reactions to the two other bandages - one declared not to contain
colophony and one declared to contain modified colophony.

Table 6. Results of patch testing Y colophony-sensitive patients with various mixes of colophony and zinc
oxide.

Patient no.
Test material, conc. in pet. 1 2 3 4 5 6 7
gum rosin, 10% R e e et -+ et ++
mix of gum rosin and zinc oxide,
10%/10% ++ o -+ =+ ++ +H+ ?+
methyl-esterified gum rosin, 10% e -+ A+ ++ + ++ .
mix of methyl-esterified gum rosin and
zinc oxide, 10%/10% ++ +++ e o + o 7+

zinc oxide, 10% - - . - - - -

petrolatum - & - - B - e

a)

- =neg; 7+ = doubtful, +,++,+++ = pos reaction
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(VI). The results of the serial dilution patch testing with colophony in 13 colophony-
sensitive subjects prior to ROATS are presented together with the results of the ROATS in
Table 8, below.

Chemical analyses

Abietic acid was detected in all but one of the bandages declared to contain ZnO and
colophony. No abietic acid was detected in the bandage labelled as containing no colophony.
The detection limit of abietic acid in the extract was 10 ppm.

Unmodified gum rosin in pet. showed a strong peak at 1710 cm” due to C=0 in -COOH of
the resin acids in FT-IR. The sample containing unmodified gum rosin and ZnO showed the
same strong peak at 1710 cm”. No C=0 peaks indicating zinc salt formation were observed.
Also the “fingerprint” regions of the two samples were identical.

Skin disease - relation to work and colophony exposure (I, I1, I1I)

Most, but not all, colophony-sensitive subjects had noticed intolerance of adhesive plaster
according to the interview.

(I). No case of ongoing skin disease among the factory workers could with certainty be
established as occupational in origin, and few of the employees suspected that their work had
influenced previous or ongoing skin disease. None of the former employees studied stated
that they had left the company due to skin problems.

(II). One make-up artist had an ongoing hand eczema that she related to work. Seventy-five
of 132 subjects had a history of intolerance to at least one cosmetic, another eight had
suffered from intolerance to adhesives or a colophony-containing wax at work, while 49/132
had no history of such intolerance. Among those 75 with a history of cosmetic intolerance,
17 (23%) had a positive patch-test reaction to perfumes (fragrance mix, balsam of Peru,
lichen acid mix or d-limonene) and/or preservatives (parabens, formaldehyde, Quaternium
15 or Kathon CG). Among those 49 subjects with no such history, only one (2%) had a
positive patch-test reaction to balsam of Peru. The difference is statistically significant.

(11I). Exposure to colophony in previous and current jobs in the former patients was difficult
to estimate. Colophony exposure at work was estimated from job descriptions in 12/83.
Twenty-four other subjects reported paperwork while in 47 no particular occupational
colophony exposure was suspected. Some degree of hand dermatitis was seen, on
examination, in 22/36 (61%) with probable colophony or paper exposure, and in 19/47
(40%) with no such exposure. Fifteen subjects had changed jobs due to dermatitis or contact
allergy to colophony. Seven of these were healed on examination, among them three women
with previous soldering jobs. Previous and current exposure to colophony during leisure was
estimated in 14 subjects, of whom one reported symptoms from such exposure.

The cause of initial sensitization to colophony was suspected by the subject to be soldering
flux in three cases, plaster or adhesive bandages in seven and a massage cream in one. One
subject suspected that sawdust had caused his allergy to colophony.
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Patch-testing in guinea pigs (V)

Thresholds of sensitivity after induction

In two series of CoCl,-induced animals (n=30 and 27, respectively) and in the colophony-
induced animals (»=28) the thresholds of sensitivity at serial dilution tests were determined.
Results are presented in Table 7.

Table 7. Thresholds of sensitivity at serial dilution tests in guinea pigs induced with CoCl, (GPMT method)
or colophony (FCAT method). The patches were applied on day 21 - prior to the ROATSs. Scoring: + = patchy
erythema; ++ = confluent erythema.

CoCl, Colophony
72 h Patch test Series | Series 11 Patch test
reading conc. % (n=30) (n=27) conc. % n=28)
Neg. 0.3 3 0 10 0
+ 0.3 5 0 10 1
e 0.3 4 7 10 1
++ 0.1 8 4 3 10
4 0.03 7 8 1 12
++ 0.01 2 7 0.3 3
++ 0.003 1 I 0.1 1

ROATS in guinea pigs (V)

Dose-response relationship

Co(l,

Twenty-seven animals, patch-test positive to CoCl, were divided by sensitivity threshold
(Table 7) into three comparable groups and treated (ROAT) with various concentrations (0.1,
0.01 or 0.001%) of CoCl,. All nine animals treated with 0.1%, 7/9 treated with 0.01% and
3/9 treated with 0.001% reacted at ROAT. The reactivity at the treated sites appeared earlier
with 0.1% than with 0.001% CoCl..

Colophony

Twenty-eight colophony-sensitive animals (Table 7) were divided into three comparable
groups and treated (ROAT) with 1%, 0.1% and 0.01% colophony solutions respectively. All
guinea pigs treated with 1% and 0.1% reacted and 6/9 treated with 0.01%. The reactivity
appeared earlier at the sites treated with 1% than at those treated with 0.1% and 0.01% (Fig 2).
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Treatment day
Fig. 2. Reactivity in ROATS at various concentrations of colophony in acetone/arachis oil (3:1) in guinea pigs
induced according to Freund’s complete adjuvant test and demonstrating a positive reaction at patch testing
prior to the ROAT.
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Relationship to patch test results (“pre-ROAT”)

The concordance between patch-test reactions and ROATSs (defined as a positive patch-test
reaction to, at least, the strongest concentration of the allergen at the “pre-ROAT” patch
testing, and positive ROAT or a negative “pre-ROAT patch test” combined with a negative
ROAT) was concentration-dependent. The concordance was e.g. 88% (14/16) in animals
treated at ROAT with 0.1% CoCl2; and 47% (9/19) among those treated with 0.001%. In
colophony-sensitive animals the concordance was 100% (9/9 and 10/10 respectively) in
animals treated with 1% and 0.1% colophony and 67% (6/9) in those treated with 0.01%.

Reactions in controls

ROAT reactions were found in 7/28 test sites when sham-treated guinea pigs were treated
with the highest concentration of CoCl, (0.1%) for seven days. With 0.01% CoCl, the
corresponding figure was 3/46, and there was no reaction at the sites treated with 0.001%.
With colophony there was a weak erythema on Day 4 in one sham-treated animal at
treatment with colophony 1%, but the animal became negative despite continued daily
treatments.

ROATS in humans (VI)

Visual evaluation

The results of the ROATS in colophony-sensitive subjects are presented in Table 8. Half the
subjects with a threshold concentration of 10%, when patch-tested with a serial dilution of
colophony, had a positive ROAT with 20% colophony. With lower thresholds (1 or 0.1%)
all reacted at ROATs with 20% colophony. There were no ROAT reactions to the vehicle
and no ROAT reactions to colophony among the colophony-negative control subjects.

Table 8. Results of serial dilution patch test with colophony in acetone/arachis oil 1:1 (w/w) (test
concentrations: 20, 10, 1, 0.1, 0.01%) and repeated open application tests (ROATSs) with colophony (20%, 1%
and 0.1%) in 13 colophony-sensitive subjects.

Subject Patch-test reaction Threshold for a pos. First daya) for a pos.

to colophony 20% patch-test reaction ROAT-reaction to
no. gender  age score conc.% score 20% 1% 0.1%
1 F 47 ++ 10 ++ : - :
2 F 61 + 10" 2 - -
3 E 25 ++ 1 % 3 -
4 F 66 + 10” B 2% 3 -
5 F 53 + 10 + - - -
6 M 48 ot 1 + 3 ) :
7 F 52 +H+ 10 +++ 7 - -
8 M 31 e I 4+ 5 4 )
9 F 47 e 0.1 B 3 4 .
10 M 52 + 0.1 + Y - .
11 F 18 ++ 10 + i 2 _
12 F 66 +H+ 1 i 2 - -
13 F 38 +H+ 0.1 =+ 4 @ 49

E”Day (O=day of first examination and first application of test substances (after examination). Day 1=day of the
second examination and second application etc. No examinations or applications were performed on Days §
or 6 (Saturday, Sunday). "Patch-test positive also to 0.1%, but negative to 1%. “Suntanned back.” Treatment
for application was Day 0-4. "ROAT-positive on Day 4. Reactions had disappeared on Day 7, but reappeared
on Day 11.
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The ROAT reactions, in colophony-treated areas, started as small scattered red macules or
papules which gradually became more numerous with continued application of test
substances. In 5 subjects (Table 8) the reaction to 20% colophony turned into a manifest
eczema and the applications were stopped after 1-5 treatments. One subject (no. 13, Table 8)
developed an itchy eczema spreading outside the test area after one application of 20%
colophony solution and after 2 applications of 1% colophony solution.

Twelve of 22 subjects reacted at ROAT with SLS 25%. The first day for a visible reaction
varied from Day 2 to Day 11. The SLS reactions differed morphologically from colophony
reactions and here a homogenous redness was seen, covering the whole test area but not
outside.

Evaluation using bioengineering methods (VI)

Laser Doppler flowmetry (LDF)

The median blood flow values for the non-treated and vehicle-treated sites in all 22
participants were stable throughout the experimental period. A 100% or greater rise in the
value was considered meaningful and was seen in most test sites with a visually positive
ROAT reaction. In all cases but one, the rise was noted on the same day, or after the reaction
was noticed visually.

Measurement of transepidermal water loss (TEWL)

Also concerning TEWL the median values for all subjects of the non-treated and vehicle-
treated sites were stable over time. A 50% or greater increase in TEWL was here considered
meaningful. In five test sites, all treated with 20% colophony, there was such an increase in
TEWL. In all cases the rise came after the visual reaction, in four not until the second week
of treatment and in some after applications had stopped. Most subjects, some with no visible
positive ROAT reaction, showed an increase in TEWL after application of SLS 25%. In
some subjects the rise came before the visible reaction.
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GENERAL DISCUSSION

Colophony is encountered frequently in our society because of its use in many products.
With a prevalence of positive patch-test reactions in dermatitis patients of around 5%,
colophony is, in Sweden, one of the five most common causes of contact allergy. Yet the
relevance of contact allergy to colophony for, e.g., the development of hand eczema is often
difficult to establish. Leaving the hand eczema patient with a list of products to avoid, based
on the results of patch testing, may considerably influence his or her daily life, but may not
always result in healing of the eczema. This thesis has tried to cast some light on the clinical
relevance of contact allergy to colophony.

Prevalence of colophony sensitization in occupationally exposed subjects

The prevalence of contact allergy to colophony, diagnosed by patch testing, was 3.9%
(7/180) among present and former employees at the tall-oil rosin factory (I). Among the
present employees only 4/163 (2.5%) reacted to colophony of the standard series and none to
tall-oil rosin or to the modified rosins tested. Since there were no reactions to tall-oil rosin,
one might speculate whether the sensitization could have occurred from other sources of
colophony, e.g. plasters, and not from tall-oil rosin at work. In that case, the amount of
allergenic substances in tall-oil rosin and in modified rosins may have been too low to elicit a
patch test reaction in the sensitized subjects, since tall-oil rosin has a lower allergenic activity
than gum rosin of the standard series (20, 24-25) and modifications of colophony alter its
allergenicity (25, 29-30). Three of seventeen (18%) former employees were patch-test
positive to colophony and one also to tall-oil rosin. Whether this difference in prevalence
between present and former employees was due to chance only is uncertain, since the
number of former employees invited was low, and only half of them participated. A higher
prevalence among former employees than among present would indicate a healthy-worker
effect (154). None of the interviewed former employees stated that they had left the job at
the factory due to skin problems, though.

The reason why not more employees were sensitized to tall-oil rosin despite - in many cases
- daily exposure for many years, may be partly that most of the tall-oil rosin handled was
freshly produced and thus contained fewer oxidized resin acids, which are the main
allergenic compounds of colophony of all types (19-20) and partly that much of it was in
modified form.

Three of 132 employees of the opera company (II) showed a positive patch-test reaction to
colophony. If the subject who was negative to colophony but positive to colophony-
containing products is included, there was a prevalence of contact allergy to colophony of
3%. At the time of the investigation few products in use contained colophony and the
cxposure to colophony among the artists, apart from the dancers, might therefore not have
been much higher than exposure in the female population in general. Female dancers,
especially, are from a rather early age, exposed to colophony from their dancers’ rosin. It is
therefore surprising that there is no previous report on dancers being sensitized to their rosin.
In this study, the colophony-positive dancer had only a weak patch-test reaction to rosin, not
fulfilling the criteria for a positive reaction. She had, however, been patch-tested before with
a positive reaction also to the rosin. The content of allergenic substances in the rosin might
vary depending on its origin and storage (5, 8).
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Proper evaluation of the prevalences of colophony sensitivity found in the two studies (I, IT)
is not possible since the prevalence in the Swedish population is not known. In a Danish

study of a general population, 0.7% showed a positive patch-test reaction to colophony (49).
The method used in that study differs, however, so much from the present one that they
cannot really be compared. In the Danish study ready-to-use patch tests were used, the
patients applied the tests themselves and the reading was performed two days after
application, one hour after removal of the patches. As is shown for many substances, also for
colophony, positive patch test reactions may turn up later than after 48 hours (55, 119, 155)
and positive reactions might therefore have been missed.

An epidemiological study of the prevalence of contact allergy and dermatitis in the general
population would be most useful.

Results of re-testing in patients with previously diagnosed contact allergy to
colophony

Only 60 of 83 subjects with positive patch-test reactions to colophony, when tested
previously, showed a positive patch test reaction to colophony at the re-testing (III). Another
seven had a doubtful reaction. Even if it might be assumed that the doubtful reactions did in
fact reflect contact allergy to colophony, since colophony 20% is not known to cause
irritation (34, 123), 16 of the previously positive colophony reactions (19%) were lost. Other
follow-up studies where patch testing was performed have also shown loss of previously
positive reactions e.g. to chromate (126, 131) and to nickel sulphate (125, 128). Other studies
have shown that there is not a total concordance between two patch tests even performed
simultaneously (156-157). There might be also other reasons, apart from a true loss of
contact sensitivity to colophony, why so many positive reactions were lost. A second test
reading some days later might have revealed more reactions (119-121). At the previous
testing several nurses were involved in applying the tests and several dermatologists with
different experience did the patch-test reading, and the risk of mistakes and of differences in
interpretation of the results must have been greater than at the re-testing where one assistant
and the author performed all the patch-test applications and readings. The content of
allergenic substances in the test preparation might also have varied somewhat throughout the
years (5, 8).

At the follow-up patch test only 12 of the 83 subjects (14%) had colophony as a solitary
positive patch-test reaction, while 48/83 (58%) were patch-test positive to colophony and one
or more substances, the most common concomitant positive reactions being to nickel sulphate
and fragrance mix and/or balsam of Peru. This tallies with findings in other studies (24, 56-
57) and in our department in 1989-1996 where only 33 of 124 colophony-sensitive patients
had colophony as a single positive test reaction.

Patch-test reactions to other substances

The prevalence of positive patch test reactions to nickel suphate was 5.6% among the factory
employees and 12% among the opera company. The difference between these two groups is
probably due to the difference in gender among the participants: 5.6% in a population
dominated by men (I) and 12 % in a population where the majority were women (II) is
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probably what could be expected (158-161). The prevalence of positive patch-test reactions
tofragrance mix and balsam of Peru was higher among the opera company than among the
factory workers (Table 4). Again the prevalence in the general population is not known. One
might suspect, though, that there was a higher than normal frequency among the opera
company, since most cosmetics contain perfume of some kind. Perfume allergy seemed to be
involved in cosmetic intolerance, since there were more subjects with positive patch-test
reactions to perfumes and/or preservatives among those with a history of cosmetic
intolerance than among those with no such history. A high frequency of perfume allergy
among patients with cosmetic intolerance has also been found in other studies (162-163).

Colophony sensitivity and clinical symptoms

About one fourth of the employees of the tall-oil rosin factory and one third of those of the
opera company showed some kind of skin disease (Table 2). The prevalence of current skin
disease in the Swedish general population is not known, but in a large questionnaire study of
a Swedish population of working age the prevalence of skin disease was 25% (164). Thus in
most cases mild dermatoses in 25-30% of a population - as found in the present work - is
perhaps what could be expected, when one is actively looking for skin disease.

Although skin disease was common, few cases were related to work. The colophony-
sensitive subjects at the factory, who were exposed to tall-oil rosin, did not report work-
related dermatitis. This is probably partly due to a lower content of oxidation products - the
main allergens of all types of colophony - in tall-oil rosin than in colophony of the standard
patch test series (20).

Among the opera company, all colophony-sensitive subjects had experienced dermatitis from
colophony-containing products. These products were all sticky materials, which were left on
the skin, on the eyelashes or under occlusion (wig adhesives) for several hours. The
colophony-sensitive dancer had previously seen a dermatologist for dermatitis from her
dancers’ rosin. At the time of the examination she was free of dermatitis. Awareness of her
contact allergy and a more careful use of her rosin might have contributed to this.

Of the former patients with previously diagnosed contact allergy to colophony, half showed
hand dermatitis when followed up after approximately 10 years (Table 5). Most cases were
mild. In 15 of those subjects with mild hand dermatitis, the scores were given because of dry
skin only. Thus there is a risk that hand dermatitis was over-diagnosed. If these 15 subjects
are withdrawn from the 41 with current hand dermatitis, the overall figure of hand dermatitis
on examination was 26 or 31% of participants. The proportion of subjects with dermatitiswas
very similar among those with a positive patch-test reaction to colophony only, among those
with concomitant patch-test reactions and among those negative to colophony but positive to
other substances. Thus contact allergy to colophony did not seem of great importance for
current hand dermatitis. This might, however, be an effect of avoiding skin contact with
colophony. It has been shown for lanoline that proper information is beneficial for the
prognosis in contact allergy (165) and three subjects with a history of dermatitis of the hands
and face in previous soldering jobs, where colophony-containing flux was used, were free of
dermatitis at examination and had been so ever since they changed jobs. Christoffersen et al.
found in an evaluative study of clinical patch test data a correlation between colophony-
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sensitivity and leg ulcer/leg eczema in elderly women (50) while in a North American
multicentre study (166) an overrepresentation of positive patch-test reactions to colophony
(among other substances) was found in individuals with hand dermatitis and facial dermatitis
(particularly eyelid dermatitis).

The only significant factor for current hand dermatitis found in the present study was
location of dermatitis at onset, since 59% of those with hand involvement at onset had hand
dermatitis on follow-up examination, compared to 16% among the others.

The exposure to colophony was in most cases difficult to estimate, and only few subjects
could mention a particular product that induced or worsened the dermatitis. Among those
with probable occupational exposure to colophony (n=36), 22 had hand dermatitis at the
follow-up examination while 19 of 47 with no such exposure had hand dermatitis. The
difference is not statistically significant. There is a risk that exposure was over-reported
among those with dermatitis, since it is probable that they were more prone to look for
colophony in the environment as an explanation for the dermatitis, than those with no skin
disease.

Colophony and zinc oxide

The previously proposed inhibitory effect of zinc oxide (ZnO) on elicitation of contact
allergy to colophony (45) was not confirmed in the present study. As shown in Table 6, there
was no difference in reactivity to the mixtures of ZnO and unmodified colophony and the
mixtures of ZnO and methyl-esterified colophony. In a mixture of zinc oxide and unmodified
colophony, zinc salts (resinates) may theoretically form, while in methyl-esterified gum rosin
and Zn0O, zinc resinate formation is impossible.

One individual (no. 7, Table 6) showed overall weaker reactions than the others. This subject
was also patch-test negative to all but one of the adhesive bandages both “as 1s” and as
extract. In the others, five of the seven bandages tested caused positive patch-test reactions.
In those bandages that gave no positive patch-test reactions no abietic acid was detected,
with HPLC technique (15). One of these test-negative bandages was declared not to contain
colophony and the other to contain hydrogenated derivatives of tall-oil rosin. Hydrogenation
reduces allergenicity of colophony (25) and in this bandage the hydrogenated tall-oil rosin
had been further modified, which may have reduced the amount of ordinary colophony
allergens. IR analyses offered no proof of formation of zinc resinates in the mixtures of
colophony and ZnO.

Results of the ROATS in guinea pigs and humans

There was a correlation between the threshold concentrations at patch testing and the outcome
of ROATS in guinea pigs, both with cobalt chloride and colophony, and there was a dose-
response relationship at the ROATSs (Fig 2). In humans, too, a correlation was found between
the threshold concentration at patch testing with colophony and the outcome of ROATSs
(Table 8). There was a dose-response relationship with 10/13 colophony-sensitive participants
reacting to 20% colophony, 4/13 to 1% and only 1 showing a trancient reaction to 0.1%.
Johansen et al also found a correlation between patch test results and outcome of ROATSs
performed in humans with cinnamic aldehyde and isoeugenol (133-134). With Kathon CG, a
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correlation between the result of a serial dilution patch test and the outcome of ROATS has
also been shown (167).

The ROAT reactions in guinea pigs were considered positive when there was a confluent
erythema. In humans, however, the ROAT reactions differed from ordinary patch test
reactions, in that they started as scattered red macules and papules, which eventually, with
further applications of colophony, became more numerous and finally turned into clinical
eczema, in some subjects; including also erythema, dryness and itching. A ROAT reaction
was considered positive when five or more macules/papules were seen within the test area. A

similar morphology was described in ROATSs performed with cinnamic aldehyde, isoeugenol
and formaldehyde (133-134, 168).

Guinea pigs have the advantage over humans that they can be treated under controlled
conditions in experiments. In the human study efforts were made to perform the experiments
as “controlled” as possible: all applications of test substances were performed by an assistant
and not by the participants themselves; test substances were applied in random order, blind
to the investigator; participants had to wait for approximately 10 min for the test solutions to
dry; and the test sites were read daily, except for Saturday and Sunday. Hannuksela and Salo
when presenting the repeated open application test (ROAT) (132) suggested that application
of test substances should be performed twice daily for seven days. In the present studies, test
substances were applied only once daily for practical reasons. In the guinea pigs the
applications went on for seven days, while in humans, where no treatments were performed
during the weekends, the treatments went on for two weeks. In ROATSs performed with
isoeugenol and cinnamic aldehyde (133-134) the test did not become positive until the
second week or even later in some subjects. It cannot be known whether more guinea pigs or
humans would have reacted if applications of cobalt and colophony had been applied over a
longer period or twice a day. It is notable though that with colophony only one subject
became “ROAT positive” during the second week of treatment. With further applications the
risk of sensitizing control animals and humans would probably have been higher. The time
difference in response between Johansen’s studies (133-134) and the present ROAT study in
humans might depend on differences in test materials, in test concentrations and in vehicles.
The pilot study showed that colophony in petrolatum gave stronger patch test reactions than
colophony in acetone/arachis oil of the same concentration, when patch tested
simultaneously, and it can be assumed that the vehicle might influence also ROATS.

For the two ROAT studies using colophony, a vehicle of acetone and arachis oil was chosen.
This was done since petrolatum had a tendency to spread outside the test site. Mixtures of
acetone and arachis oil were tested in different proportions prior to the studies, and in guinea
pigs acetone/arachis oil 3:1 was found to be the best, while in humans it was easier to apply a
mixture of 1:1. The latter mixture was, however, not absolutely ideal, since it also spread
outside the test sites in some subjects.

It would have been interesting if guinea pigs and humans both could have been tested with
additional concentrations of cobalt and colophony, respectively. In animals as well as in
humans the number of possible test sites was, however, limited, since it was desirable to have
the different test sites well separated from each other to avoid interference of the test solutions
between sites and also to include control sites. To be able to use three test sites on each
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forearm the sites were smaller than what Hannuksela and Salo originally suggested (132).
Later studies show, however, that the size of application areas in ROATs is of minor
importance (169).

There were great variations in the reactivity to colophony in the human ROATS, from one
subject developing eczema after only one application of a small amount of colophony (5ul of
a 20% colophony solution) to others experiencing only small macules with no discomfort
despite nine applications. There is no obvious explanation of this. Immunological factors
(and the role of the skin barrier may be involved. It is however an interesting finding, and
shows that dermatitis may develop from a single open exposure of colophony in some
subjects, while others may not react at all to open applications - even if repeated.

The use of bioengineering techniques in evaluating test reactions

Non-invasive bioengineering techniques have been used for experimental evaluation of
patch-test reactions (140). Laser Doppler flowmetry has been found useful in evaluating both
allergic and irritant patch-test reactions (139, 170). Studies have shown a three-fold increase
in laser Doppler blood flow values before a test reaction has been visible to the naked eye
(144). In the present study, where ROAT reactions and not closed patch-test reactions were
assesed, laser Doppler flowmetry added nothing to what was seen with the naked eye. In
most test sites with a visible ROAT reaction there was also a rise in blood flow value, but the
rise was recorded at the same time as or later than the visual reaction. In some cases the
blood flow value sank again despite a continuous visible reaction. As shown by the spotty
erythema, there was probably no even increase in blood flow at the site of an early ROAT
reaction. Although the probe holder, thanks to skin marking, was attached in the same site
every day, even a slight variation of the probe position within the holder might have made
the laser beam hit a spot with no blood flow increase and thus explaining the variations.

Impairment of barrier function in allergic reactions is likely to be secondary to inflammation
(171), while SLS has a direct cytotoxic effect on the skin (151-152). A poor correlation
between the visual test reaction and an increase in TEWL was seen in this study when the
allergen was applied as a ROAT. Few of the positive test sites showed an increase in TEWL,
which appeared one to several days after the reaction had become visible. Most test sites
treated with SLS 25% showed an increase in TEWL of 50% or more. An increase was seen
also in some subjects with no visible reaction, sometimes prior to the visual reaction. In most
previous studies SLS has been applied under occlusion. However, Lammintausta et al
applied 2%, 5% and 7.5% SLS as repeated open applications. They also found that some
individuals reacted with an increase in TEWL while others did not, and that SLS sometimes
caused an increase in TEWL without erythema (172). SLS 25% was less useful as a
“positive control” for irritancy than anticipated, since not all participants reacted when
treated with open applications.

The use of TEWL measurment and LDF did not add further information compared to visual
assessment when evaluating ROAT reactions to colophony.
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CONCLUSIONS

The studies have shown that contact allergy to colophony is of clinical relevance for
development of dermatitis when the skin is exposed under occlusion, to e.g adhesive
bandages, and that addition of zine oxide to colophony does not inhibit this reaction.

Colophony in “sticky” preparations to which the skin was exposed for some time caused
dermatitis in sensitive subjects. Exposure to colophony in soldering flux caused occupational
dermatitis, which healed with changes of jobs.

Accidental and temporary occupational exposure to colophony seemed to be of minor
importance for dermatitis and contact allergy to colophony was not a significant problem in
the workplace studies.

At least 1/3 of the colophony-sensitive patients examined had hand dermatitis, when
followed-up after 10 years. Exposure to colophony could not be shown to be of significance
for ongoing hand dermatitis in colophony-sensitive subjects. The most important factor
correlated to ongoing hand dermatitis was previous hand eczema.

The repeated open application test (ROAT) is a useful method for evaluating contact allergy
to colophony and cobalt in guinea pigs; a correlation between threshold concentrations at
patch testing and the outcome of ROAT was found, and also a dose-response relationship.

Also in humans there was a correlation between the outcome of ROATs and threshold
concentrations at patch testing with colophony. Objective readings with two bioengineering
methods were of no additional value when assessing ROAT reactions to colophony.

The variation in reactivity to repeated open exposure to colophony is great. These findings
imply that, although open exposure to colophony in many individuals may be of little
importance for developing dermatitis, in some even temporary open exposure could cause
eczema.

An important field for further investigation is to study what factors cause the difference in
reactivity. Till then ROATSs and/or serial dilution patch tests seem to be of value for
establishing the clinical relevance of contact allergy to colophony, diagnosed by a standard
patch test.
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