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Background: p-Phenylenediamine (PPD) is an important allergen; 5.0% of patients tested positive to PPD when patch-tested,
according to the North American Contact Dermatitis Group. Hair dyes are the main source of exposure.

Objective: To assess the significance of PPD allergy at the Ottawa Patch Test Clinic.

Methods: We assessed the epidemiology of PPD allergies and determined the cross-reactivity with other para-amino
compounds. Charts of patients visiting the Ottawa Patch Test Clinic between May 1997 and July 2009 were reviewed.

Results: One hundred thirty-four patients were found to have a contact allergy to PPD; 75.4% were female, 24.6% were male,
13.4% were hairdressers, 18.7% had a history of atopy, 90.3% were sensitized by hair dye, 2.2% were sensitized by henna tattoos, and
7.5% were sensitized by other sources. Positive patch-test reactions to textile dyes were seen in 24.6%, 7.5% reacted to benzocaine,
6.0% reacted to sulfa drugs, 1.5% reacted to isopropyl-para-phenylenediamine, and 1.5% reacted to para-aminobenzoic acid.

Conclusions: PPD is an important source of allergic contact allergy. Our results show a significant relationship of PPD with other

related para-amino compounds.

HE MAIN SOURCE of exposure to p-phenylenedia-
mine (PPD) is hair dye. PPD is a primary
intermediate in both permanent and semipermanent hair
dyes. It is involved in a two-step process: it is first oxidized
by hydrogen peroxide; a coupler then polymerizes it to a
color within the hair." Other sources of exposure to PPD
include leather, fur, textiles, industrial rubber products,
and black henna tattoos.>
PPD allergy is a common cause of allergic contact
dermatitis. PPD is included in the North American Contact
Dermatitis Group standard screening series. The frequency of
sensitization to PPD has been found to be 5.0% by the North
American Contact Dermatitis Group.” Allergic contact
dermatitis from PPD can present with a range of clinical
patterns; it can be severe, sometimes mimicking angio-
edema.' Cross-reactivity with other para-amino compounds
such as benzocaine, para-aminobenzoic acid (PABA), sulfa
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drugs, aminoazobenzene, isopropyl-para-phenylenediamine
(IPPD), and azo dyes has been reported.*”

Methods

Patch-test records of patients attending the Ottawa Patch
Test Clinic between May 1997 and July 2009 were
reviewed. All those who developed significant (+ to +++)
patch-test reactions to PPD (n = 134) were included in
this study and retrospectively analyzed. A +++ reaction to a
patch test is defined as an extreme vesiculobullous reaction
spreading outside the test-area disc. A ++ reaction is a
strong edematous or vesicular reaction filling the test area
disc, whereas a + reaction is a weak erythematous papular
reaction.

Patients were patch-tested with the North American
Contact Dermatitis Group standard screening series
(Chemotechnique Diagnostics AB, Malmo, Sweden) with
Finn Chambers (Epitest Ltd Oy, Tuusula, Finland) on
Scanpor tape (Norgesplaster A/S, Vennesla, Norway). They
were also patch-tested with the Chemotechnique hair-
dressing series (4-phenylenediamine base, 2,5-diaminoto-
luene sulfate, 2-nitro-4-phenylenediamine, resorcinol, 3-
aminophenol, 4-aminophenol, and hydrogen peroxide),
the partial Chemotechnique textile series (Disperse Yellow
3 and 9; Disperse Orange 1 and 3; Disperse Red 1 and 17;
Disperse Blue 3, 35, 85, 106, 124, and 153; acid yellow #61;
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Disperse Brown 1; basic red #46; and formaldehyde textile
resins) as well as to aminoazobenzene in the shoe series.
The patches remained in place for 48 hours. The test sites
were evaluated initially at 48 hours and again 96 to 120
hours after placement. A positive allergic reaction was
interpreted as a +, 4+, or +++ reaction, respectively
manifested by erythematous papules, vesicles, and a
spreading reaction.

Epidemiologic factors recorded were sex, occupation,
atopic history, and the presumed cause of sensitization to
PPD. A history of the distribution of the clinical reaction
was obtained. The length of time the patient had the
dermatitis before seeking medical attention, the number of
years the patient dyed his or her hair prior to developing
symptoms, and the treatment of the dermatitis were all
documented. Reactions to other para-amino compounds
(such as benzocaine, IPPD, PABA, sulfa drugs, aminoazo-
benzene, textile dyes, and hair dyes other than PPD) were
noted. Reaction to sulfa drugs was recorded based solely
on the history provided by the patient.

Results

Between May 1997 and July 2009 at the Ottawa Patch Test
Clinic, 134 patients developed at least a + reaction to PPD.
Of those patients, 75.4% were female, 24.6% were male,
13.4% were hairdressers, and 18.7% had a history of atopy.
The most common sensitizer by far was hair dye (90.3%);
2.2% of sensitization was from black henna tattoos, and
7.5% was from other sources.

Most patients (62.7%) developed a severe (+++)
reaction to PPD, 19.4% had a ++ reaction, and 17.9%
had a + reaction. The most common site of involvement
was the face, the neck, or both (72.4%), followed by the
trunk (46.3%), the hands (42.5%), the legs (41.8%), and
the arms (38.8%).

Most patients (85.8%) were treated with at least topical
corticosteroids, whereas 41.0% were treated with oral
corticosteroids and 30.6% with antihistamines; 23.9% also
tried a calcineurin inhibitor.

Patients spent an average of 4.1 years dyeing their hair
before any symptoms of allergic contact dermatitis from
PPD appeared. After developing symptoms, patients
waited an average of 24.9 months before seeking help
from our clinic. This may partly be a reflection of the long
waiting list for an appointment with a dermatologist in
Ottawa and the tendency of some individuals to deny their
symptoms.

Cross-reactivity between PPD and other para-amino
compounds was determined; 24.6% of patients who had a

positive patch-test reaction to PPD also reacted to azo
textile dyes. Table 1 lists the textile dyes to which PPD-
positive patients cross-reacted. Table 2 shows cross-
reactivity with other para-amino compounds, and Table 3
details cross-reactivity with select allergens from the hair-
dressing series. All of the allergens listed are dyes that are
also para-amino compounds.

Discussion

Allergic contact dermatitis from PPD is a common
problem. Hair dye is the main source of exposure.” PPD
is one of the most useful substances for initial patch-test
screening of hairdressers with dermatitis; other useful
substances are glyceryl thioglycolate, formaldehyde, nickel
sulfate, cocamidopropyl betaine, and ammonium persul-
fate.”

Our data showed that primarily women (75.4%)
develop allergic contact dermatitis from PPD. A significant
number of such women in our sample were hairdressers
(13.4%) or had a history of atopy (18.7%). Similar results
were obtained by Ho and colleagues: of their patients who
tested positively to PPD, 68% were female, 9% were
hairdressers, and 27% were atopic.* Zapolanski and Jacob
studied only hairdressers and found that 54% of them had
reactions to PPD, indicating that allergic contact derma-
titis from PPD is a serious problem for the profession.®

We found conclusively that the most common source
of exposure to PPD was hair dye (90.3%). Other sources
include black henna tattoos; PPD is added to temporary
henna tattoos to darken color and decrease drying time.°

The distribution of allergic contact dermatitis from
PPD in our study was similar to that reported in the

Table 1. Cross-Reactivity between Textile Dyes and PPD

Cross-Reacting PPD-Positive

Textile Dye Patients (%)

Disperse Blue 106 or 124 11.9
Orange #1 3.7
Orange #3 14.2
Orange #6 0.7
Orange #34 2.2
Red #1 7.5
Red #17 6.7
Red #35 1.5
Red #46 0.7
Yellow #3 4.5
Brown #1 0.7

PPD = p-phenylenediamine.
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Table 2. Cross-Reactivity between PPD and Other para-Amino
Compounds

Table 3. Cross-Reactivity between PPD and Select Allergens from
the Hairdressing Series

Cross-Reacting PPD-Positive

para-Amino Compound Patients (%)

Cross-Reacting PPD-Positive

Hairdressing Series Allergen Patients (%)

Benzocaine 7.5
Sulfa drugs 6.0
Aminoazobenzene 3.0
IPPD 1.5
PABA 1.5

IPPD = isopropyl-para-phenylenediamine; PABA = para-aminobenzoic
acid; PPD = p-phenylenediamine.

literature. The presentation can be severe and may include
edema of the face, scalp, and ears. It can sometimes be
mistaken for angioedema.’

Significant cross-reactivity with other para-amino
compounds was found. Significant cross-reactivity was
found between PPD and textile dyes, particularly Disperse
Blue 106 or 124 (11.9%) and orange #3 (14.2%). It is
important to counsel patients who have positive reactions
to PPD that clothing made from a synthetic fiber such as
nylon, polyester, or acetate may contain these dyes. A
study by Seidenari and colleagues found an even stronger
association between PPD allergy and Disperse Orange 3
(66%) and Disperse Blue 124 (16%).2

Significant cross-reactivity occurs with other hair dyes
as shown by our results. These cross-reactions occurred
both in hairdressers as well as in individuals sensitized by
dyeing their hair themselves. We suggest that patients who
test positively to PPD try the semipermanent hair dye
product Elumen (Goldwell, Linthicum Heights, MD),
which is PPD free. It contains a para-amino compound
that does not cross-react with PPD; however, it still
contains an amine that (rarely) cross-reacts. Another hair
dye that is safe for patients with allergy to PPD is Clairol
Basic Instincts-Loving Care (The Proctor & Gamble
Company, Cincinnati, OH), a semipermanent hair dye.
Unfortunately, we do not know of any permanent hair
dyes that are free of PPD.

Conclusion

p-Phenylenediamine (PPD) is a common cause of allergic
contact dermatitis; hair dye is by far the most common
sensitizer. Females are more commonly afflicted, as are

2,5-Diaminotoluene sulfate 31.3
2-Nitro-4-phenylenediamine 24.6
4-Aminophenol 20.1
3-Aminophenol 19.4

PPD = p-phenylenediamine.

those with an atopic diathesis. It is a common and
potentially debilitating problem for hairdressers. The body
areas most commonly affected are the face and neck. There
is a potential for cross-reactivity between PPD and other
para-amino compounds, such as textile dyes, other hair
dyes, benzocaine, isopropyl-para-phenylenediamine, sulfa
drugs, and aminoazobenzene.
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