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Summa ry Background. Risk factors for p-phenylenediamine (PPD) sensitization include the use of hair dyes,
the application of temporary black henna tattoos, working as a hairdresser, and, possibly, exposure
to hair dye pretests.

Objectives. To quantify the impact of these (putative) risk factors on PPD sensitization.

Methods. Six items related to PPD exposure were added to the routine Information Network of
Departments of Dermatology questionnaire from 2008 to 2013. A retrospective analysis of data
from 4314 patients tested with PPD 1% pet. was conducted.

Results. Of the PPD-positive patients (n=271), 80% had their hair dyed, and, of these, 57%
subsequently developed scalp dermatitis, whereas only 11% had had a henna tattoo. The
self-administrated pretest with hair dye was performed by only a few patients, precluding a more
detailed analysis. Hair dyeing [odds ratio (OR) 6.0; 95% confidence interval (CI): 3.9-9.4], henna
tattoos (OR 2.4; 95%CI: 1.5-3.7) and being a hairdresser (OR 2.1; 95%CI: 1.3-3.2) increased
the risk of PPD sensitization. Neither dyeing of own hair nor application of a temporary henna
tattoo seemed to affect PPD sensitization in hairdressers. p-Aminoaryl compounds more often gave
positive reactions in patients with henna tattoo.

Conclusions. Hair dyeing is the major risk factor for PPD sensitization in this clinical setting, and
application of a temporary black henna tattoo may also lead to (strong) PPD sensitization.

Key words: CAS no. 106-50-3; hair dye; hairdresser; p-aminoaryl compounds;
p-phenylenediamine; self-administered hair dye pretest; temporary black henna tattoo.
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Contact sensitization to p-phenylenediamine (PPD)
(CAS no. 106-50-3) is mainly associated with hair dye-
ing and is a widespread health issue, with frequencies
of 4% in patch tested populations (1, 2) and 0.8% in
the general population of Europe (3). Frequent contact
with (dark-shaded) hair dyes, (single) application of a
temporary black henna tattoo adulterated with PPD and
working as hairdresser are established risk factors for
the development of contact allergy to PPD, whereas pure
henna, made from dried leaves of Lawsonia inermis, is
barely sensitizing (2, 4, 5).

So-called black henna tattoos contain various, some-
times huge, amounts of PPD (up to 64%, although its use
is prohibited in skin cosmetics) or chemically related hair
dye chemicals, such as toluene-2,5-diamine (PTD), mak-
ing the colour darker and longer-lasting, and, moreover,
making the product extremely sensitizing (6—8).

Self-administered hair dye pretests, often also referred
to as ‘self-tests’ or ‘sensitivity tests’, which are recom-
mended by some hair dye producers, have also been
suggested to constitute a risk factor for sensitization to
PPD (9-11). In order to collect information about these
(proven or putative) risk factors for PPD sensitization, six
PPD-related questions were added to the Information Net-
work of Departments of Dermatology (IVDK) question-
naire from 2008 to 2013 (Fig. 1). These questions were
to be answered by all patients tested with PPD, which
was not included in the baseline series in Germany dur-
ing the study period, but was tested — in an aimed fash-
ion — in the context of a ‘hair cosmetics’ series. The aim
of this study was to estimate independently the impacts
of hair dyeing, pretests with hair dyes, hairdresser occu-
pation and temporary black henna tattoos on PPD sen-
sitization, thereby also including IVDK basic information
(e.g. occupation) and the evaluation of the six PPD-related
questions (Fig. 1).

Q1) Has the patient ever dyed hair, beard or eyebrows?

if yes
Q2) Did subsequently an eczematous reaction occur?
Q3) Has she/he performed a self-test (user test) before hair dyeing?

if yes
Q4) Behind the ear?
Q5) On the forearm?

Q6) Did the patient ever have a temporary henna tattoo?

Fig. 1. Six additional questions concerning p-phenylenediamine
exposure integrated into the Information Network of Departments
of Dermatology questionnaire from 2008 to 2013 (translation from
the German original).

Patients and Methods

The TVDK is a network of, currently, 56 departments of
dermatology in Germany, Switzerland, and Austria ded-
icated to the epidemiology of contact allergy. Its struc-
ture and routine operating procedures are described in
detail elsewhere (12). Briefly, histories, clinical data and
patch test (PT) results of all patients tested in the partici-
pating centres are recorded in local databases, and, after
anonymization, are transmitted to the TVDK central office
at the University of Gottingen twice yearly. Data are sub-
jected to standardized quality control, added to the central
IVDK database, and analysed according to international
standards (13, 14).

For this retrospective data analysis, we selected data of
the years 2008—-2013 from the central database of the
IVDK. AIITVDK members are also members of the German
Contact Dermatitis Research Group (DKG). Patch testing
and evaluation of reactions is performed according to
DKG guidelines (15). For this data analysis, PT reactions
on day (D) 3 were taken into account. In a few exceptional
cases, when a reading was performed on D4 instead of
D3, this reading was selected. Readings coded as +,
++ or +++, that is, positive reactions with erythema,
infiltration, papules, and/or (coalescing) vesicles, were
rated as positive in dichotomized analyses if not otherwise
indicated. PT preparations were purchased from Almirall
Hermal (Reinbek, Germany). The PT exposure time was
24 hin 18% of the patients, and 48 h in 82%. With a few
(temporary) exceptions, Finn Chambers® (inner diameter
8mm) on Scanpor® tape were used as test chambers.
Of the 77 231 patients patch tested during these years,
we selected 13 770 patients who were tested with PPD
1% pet. (Fig. 2). The PPD-related questions were not
answered by all PPD-tested patients. In order to avoid
any selection bias, we split the data into blocks of single
centres and quarterly periods, and limited our analysis
to those data blocks for which >90% of the PPD-tested
patients had answered at least question 1 (Fig. 1). Alto-
gether, this resulted in a population of 4314 patients from
33 departments being eligible for our study, that is, 31%
of all patients patch tested with PPD. Most of the patients
answered every question, and there was no significant
difference between PPD-positive and PPD-negative indi-
viduals (data not shown). Hence, a bias of the answers
towards problems in PPD-sensitized patients can largely
be excluded. Questions 1 and 2 concerned hair dyeing
and subsequent dermatitis, and question 3 concerned
pretests with hair dyes. Questions 4 and 5 were intended
to distinguish two distinct pretest protocols that differ
considerably in the application time of the undiluted
hair dye formulation and thus, probably, concerning
the sensitization risk related to the test (16). Customers
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| 77231 IVDK patients (2008-2013) |
|

| 13770 PPD (1% pet) tested patients |
!

single center data was split into data
chunks of quarterly periods

selection of data chunks with = 90% reply rate
to question Q1 (figure 1)

study population of 4314 PPD tested
patients from 33 departments

Fig. 2. Outline of patient selection and study population
composition. IVDK, Information Network of Departments of
Dermatology; PPD, p-phenylenediamine.

can easily distinguish between these two protocols by
remembering the test localization (behind the ear or
on the forearm). Where appropriate, statistical signif-
icance (p<0.05) of anamnestic items was calculated
with the chi’-test or Fisher's exact test, or was based
on non-overlapping 95% confidence intervals (CIs), the
latter being used for comparison of crude sensitization fre-
quencies. Logistic regression analyses with dichotomized
outcomes were performed, namely (i) strong/extreme
positive, (ii) weak positive and (iii) positive reactions to
PPD, with negative reaction as a respective reference,
and dichotomized explanatory variables (female sex,
age >40years, history of henna tattoo, hair dyeing
and current hairdresser profession). The model was
checked with the Hosmer—Lemeshow goodness-of-fit
test (H&L) (p> 0.05). Results are presented as odds ratio
(OR) estimates with profile-likelihood CIs (95%). Data
were managed and analysed with the statistical analysis
software SAS®, version 9.4 (SAS Institute, Cary, NC, USA).

Results

By definition, PPD (1% pet.) was tested in every patient
in our study cohort (n = 4314). Of these, 271 (= 6.3%)
tested positive (108 +, 78 ++ and 85 +++), 76 (= 1.7%)
had a doubtful/follicular or irritant reaction and 3967
patients (= 92.0%) showed no reaction.

The MOAHLFA indices of the study group and of 271
PPD-positive and 3967 PPD-negative patients are shown
in Table 1, together with three additional items. There
were more than three times as many hairdressers among
PPD-positive patients than among PPD-negative patients

© 2018 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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(15.9% versus 4.6%). However, the frequency of hand
dermatitis was not increased (34.7% versus 34.1%),
whereas there was a seven-fold increase in the frequency
of scalp dermatitis (30.3% versus 4.3%). PPD-positive
patients mentioned hair cosmetics as the suspected aller-
gen source five times more frequently than PPD-negative
patients (59.0% versus 11.7%), and significantly more
patients sensitized to PPD were females (79.3% versus
62.7%).

Table 2 shows the proportions of study questions
(Fig. 1) answered affirmatively by the study population.
Almost 80% of PPD-positive patients dyed their hair, and,
among these, the majority (56.9%) suffered from sub-
sequent eczema, and both events occurred significantly
more often than in PPD-negative patients. Three times
more PPD-positive patients than PPD-negative patients
had had a temporary henna tattoo (11.4% versus 3.8%).
Strong positive reactions to PPD were significantly more
prevalent among patients with a henna tattoo, with
90% (28 of 31 positive reactions) being ++ or +++. In
contrast, only 54% (89 of 166) of the positive reactions
to PPD among patients who had their hair dyed, but who
had not had black henna tattoos, were strong positive
reactions (p <0.0001). A self-administered pretest with
hair dye was performed by only 69 patients, represent-
ing 3.6% of those who had their hair dyed, and this
proportion did not differ notably between PPD-positive
patients and PPD-negative patients. Hence, no further
data analysis was conducted in this respect.

The proportion of PPD-positive patients was signifi-
cantly higher (p < 0.0001) among hairdressers (43/232;
18.5%) than among non-hairdressers (228/4082; 5.6%).
In contrast, hairdressers were over-represented among
PPD-positive patients compared to PPD-negative patients
(15.9% versus 4.6%; p<0.0001). This prompted us to
investigate whether consumer behaviour as reflected
in our questions had different impacts on PPD sensiti-
zation in hairdressers and non-hairdressers (Table 3).
Neither dyeing of own hair (with or without subse-
quent eczema) nor application of a temporary henna
tattoo was significantly associated with PPD sensiti-
zation among hairdressers, whereas all three items
were strongly associated with PPD sensitization in
non-hairdressers. As shown in the last column of
Table 3, although the proportion of patients using
hair dye was comparable between PPD-positive hair-
dressers and PPD-positive non-hairdressers (p=0.12),
eczema after hair dyeing was predominantly seen in
PPD-positive non-hairdressers (p<0.0001). Interest-
ingly, only PPD-positive non-hairdressers, and not a
single PPD-positive hairdresser, reported a history of tem-
porary henna tattoos (p=0.014). The overlap of these
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Table 1. MOAHLFA index and three additional anamnestic items of p-phenylenediamine (PPD)-tested patients

PPD-tested (n=4314) PPD-positive (n=271) PPD-negative (n=3967) Chi2-test
Item Index n % n % n % p-value
Male M 1563 36.2 56 20.7 1479 37.3 <0.0001
Occupational dermatitis 0 1044 24.2 77 28.4 941 23.7 0.080
Atopic dermatitis A 953 221 58 21.4 870 21.9 0.81
Hand dermatitis H 1486 34.4 94 34.7 1352 34.1 0.84
Leg dermatitis L 360 8.3 8 3.0 349 8.8 0.0008
Face dermatitis F 625 14.5 26 9.6 588 14.8 0.018
Age >40years A 3075 71.2 178 65.7 2838 71.5 0.039
Present hairdresser profession 232 5.4 43 15.9 182 4.6 <0.0001
Scalp dermatitis 263 6.1 82 30.3 172 4.3 <0.0001
Hair cosmetics as suspected allergen source 651 15.1 160 59.0 463 1.7 <0.0001

p-value = significance level of statistical comparison between patients reacting positively and negatively to PPD (irritant, doubtful or follicular

reactions were excluded).

Table 2. Proportions of affirmative responses to the p-phenylenediamine (PPD)-related questions

PPD-tested (n=4314) PPD-positive (n=271) PPD-negative (n=3967) Chi2-test
Answer =yes % (n) % (n) % (n) p-value
Q1: Hair dyed? 43.9(1893/4314) 79.7 (216/271) 41.3(1637/3967) <0.0001
Q2: Subsequent eczema? 20(379/1893) 56.9 (123/216) 14.4 (236/1637) <0.0001
Q3: Pretest? 3.6 (69/1893) 4.6 (10/216) 3.4 (55/1637) 0.34
Q4: Retroauricular? 21.7 (15/69) 0.0 (0/10) 27.3 (15/55) 0.10
Q5: Forearm? 53.6 (37/69) 80.0 (8/10) 49.1 (27/55) 0.093
Q6: Henna tattoo? 4.3 (185/4314) 11.4 (31/271) 3.8 (151/3967) <0.0001

Questions 1-6 were answered with a ‘yes’ by all patients tested with PPD (1% pet.), as well as by patients reacting positively and negatively
to PPD. p-value = significance level of statistical comparison (chi2-test) between patients reacting positively and negatively to PPD (irritant,

doubtful or follicular reactions were excluded).

three risk factors in PPD-sensitized patients is shown in
Fig. 3.

From the literature, it is known that the risk of PPD
sensitization increases with age (17). Hence, there are
five factors that are definitely or possibly associated with
PPD sensitization, that is, sex, age, hair dyeing, exposure
to a temporary henna tattoo, and the hairdresser profes-
sion, and some of these are strongly related (Table 4). For
example, 93.5% of the hairdressers and 91.9% of those
who dyed their hair were females, and 85.8% of the hair-
dressers had dyed their hair.

In order to disentangle the influence of these five deter-
minants and to quantify the risk associated with each
factor (controlled for the influence of the other factors
mentioned), we performed a logistic regression analysis
with these five factors as explanatory (independent) vari-
ables and a positive reaction (+ to +++) to PPD (1%
pet.) as a dependent variable (Table 5) (H&L, p=0.76).
For 3417 patients (79.2% of the study group), informa-
tion about every explanatory variable was available. Of
these, 93 (2.7%) had a weak positive reaction (+) and
138 (4.0%) a strong/extreme positive reaction (++/+++)
to PPD, resulting in a total of 231 positive reactions

(6.8%). Application of a temporary henna tattoo [OR
2.4 (95%CIL: 1.5-3.7)], hair dyeing [OR 6.0 (95%CI:
3.9-9.4)] and working as hairdresser [OR 2.1 (95%CI:
1.3-3.2)] significantly increased the risk of PPD sensi-
tization, whereas sex and age had no significant influ-
ence. We applied two additional logistic regression mod-
els, focusing on strong and weak allergic reactions to PPD,
respectively, by excluding the respective other group of
positive reactions from the dataset (H&L, p=0.67 and
p=0.96, respectively). Whereas hair dyeing increased the
risk of both weak and strong/extreme allergic reactions
(OR 6.3 and OR 5.7, respectively), having a henna tattoo
only increased the risk of strong/extreme allergic reac-
tions (OR 3.9) and being a hairdresser only increased
the risk of weak positive reactions (OR 2.6) in these
subanalyses.

Finally, we analysed concomitant reactions in
PPD-positive patients with a history of temporary henna
tattoo exposure in comparison with hairdressers and
patients who dyed their hair only (Table 6). So-called
p-aminoaryl compounds (aromatic amines disubstituted
in the para-position), such as PTD, p-aminophenol,
N-isopropyl-N’-phenyl-p-phenylenediamine (IPPD),
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Table 3. Selected p-phenylenediamine (PPD)-related questions in PPD-positive and PPD-negative hairdressers and non-hairdressers

Hairdressers (n=232) Non-hairdressers (n =4082) Comp. PPD-positive

PPD-positive PPD-negative Chi?-test PPD-positive PPD-negative Chi?-test Chi?-test
Questions Total 'Yes'" % Total 'Yes' %  p-value Total ‘Yes' % Total ‘Yes' %  p-value p-value
Q1: Hair dyed? 43 38 884 182 155 852 0.59 228 178 78.1 3786 1482 39.1 <0.0001 0.12
Q2: Subsequent eczema? 38 9 237 155 24 155 0.23 178 114 64.0 1482 212 14.3 <0.0001 <0.0001
Q6: Henna tattoo? 37 0 0.0 165 15 104 0.078 216 31 155 3622 136 4.5 <0.0001 0.014

p-value = statistical comparison (y2-test) of hairdressers or non-hairdressers reacting positively and negatively to PPD (irritant, doubtful or

follicular reactions were excluded). Comp. PPD positive, comparison of PPD-positive hairdressers and non-hairdressers.

Table 4. Risk factors for p-phenylenediamine (PPD) sensitization in the study group (n=4314)

Female sex Age > 40 years Henna tattoo Hair dyeing Hairdresser

Female sex 2751 1965 143 1739 217 n
71.4 5.2 63.2 7.9 row %
63.9 77.3 91.9 93.5 col%

Age > 40 years 3075 84 1274 70 n
2.7 41.4 2.3 row %
45.4 67.3 30.2 col%

Henna tattoo 129 16 n
69.7 8.6 row %
6.8 6.9 col%

Hair dyeing 1893 199 n
10.5 row %
85.8 col%

Hairdresser

Associations observed between female sex, age (> 40 years), history of henna tattoo or hair dyeing and working as hairdresser. The diagonal
line lists absolute numbers in the respective category. n, count; row%, percentage of the row; col%, percentage of the column.

hydroquinone, and tert-butylhydroquinone, as well as
m-aminophenol, gave positive reactions significantly
more often in patients who had had a temporary henna
tattoo than in hairdressers or in patients who had dyed
their hair only. Patients with a henna tattoo or hair-
dressers were significantly younger than hair dye-only
users. Hairdressers developed symptoms especially on
the hands, and were diagnosed with irritant dermatitis
more often than patients in both other groups. Patients
with a history of a henna tattoo had predominantly aller-
gic eczemas located on the head, face, or neck, that is,
probably reactions to hair dye as a consequence of initial
sensitization to PPD-containing henna paste.

Discussion

PPD is the main and indicator allergen for hair
dye-associated CA and a ‘para substance’ (2). Our study
concerns a selected subpopulation of patients tested
with the DKG hairdressers’ series (including PPD 1%
pet.). Accordingly, an increased proportion of hair dye
users (80%) in comparison with a population of con-
secutive patients (< 20%) (2) is observed, and generally

© 2018 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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the characteristics of the patch tested patients are not
comparable to those of consecutively tested patients. Nev-
ertheless, we showed that hair dyeing is associated with a
much higher risk of sensitization to PPD [OR 6.0 (95%CI:
3.9-9.4); Table 5] than is being a hairdresser [OR 2.1
(95%CI: 1.3-3.2)] or having a henna tattoo painted
[OR 2.4 (95%CI: 1.5-3.7)]. However, according to our
data, hair dyeing increases the risk of a weak degree of
sensitization, as indicated by a weak positive reaction to
PPD and low proportions of concomitant sensitization to
other p-aminoaryl compounds (except for PTD). In con-
trast, a henna tattoo increases the risk of strong/extreme
PPD sensitization, as reflected by strong/extreme positive
reactions to PPD and frequent concomitant reactions
to other p-aminoaryl compounds. Similarly to hair dye
exposure, being a hairdresser increases the risk of a
weak allergic PT reaction to PPD, with less frequent
broad sensitization to other p-aminoaryl compounds.
This is in line with an IVDK publication based on data
from 2007-2012 comparing hairdressers and clients
(18), with a Dutch single-centre study (19), and data
from St John's Institute, London, where hairdressers also
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Table 5. Logistic regression analyses

Outcome variable

Independent (explanatory) variables, OR (95%Cl)

Reaction to PPD 1% pet. Female sex Age >40years

Henna tattoo Hair dyeing Hairdresser profession

231 positive (+, ++, +++)
versus 3186 non-positive

93 weak positive (+) versus
3048 non-positive

138 strong/extreme positive
(++/+++) versus 3093
non-positive

0.69 (0.46-1.05)
0.84(0.44-1.69)

0.62 (0.38-1.03)

1.044 (0.77-1.43)
1.26 (0.78-2.10)

0.91 (0.62-1.35)

2.41 (1.54-3.67) 5.99 (3.91-9.37) 2.06 (1.31-3.16)

0.51(0.12-1.40) 6.34 (3.22-13.3) 2.57 (1.38-4.56)

3.87 (2.39-6.12) 5.67 (3.34-9.92) 1.60(0.89-2.72)

CI, confidence interval; OR, odds ratio; PPD, p-phenylenediamine.

Three models were applied, including positive reactions (of different degrees) to PPD as a dependent (outcome) variable, and female sex, age
> 40 years, history of henna tattoo, hair dyeing and current profession as hairdresser as independent variables. Significant associations are

in bold.

Table 6. Concomitant reactions in different subgroups of patients reacting positively to p-phenylenediamine (1% pet.)

Henna tattoo, not hairdresser

Hairdresser, no henna tattoo

(n=31) Hair dyeing only (n=152) (n=43)
Concentration % positive % positive % positive

Allergen and vehicle  Tested Positive (95%Cl) Tested Positive (95%Cl) Tested Positive (95%Cl)
Tolulene-2,5-diamine 1% pet. 27 25 92.6 (75.7-99.1) 114 91 79.8(71.3-86.8) 42 25 59.5(43.3-74.4)
p-Aminophenol 1% pet. 26 22 84.6 (65.1-95.6) 112 27 24.1(16.5-33.1) 43 12 27.9(15.3-43.7)
m-Aminophenol 1% pet. 26 18 69.2 (48.2-85.7) 110 18 16.4(10.0-24.6) 42 6 14.3 (5.4-28.5)
Hydroquinone 1% pet. 26 12 46.2 (26.6-66.6) 101 3 3.0(0.6-8.4) 38 1 2.6 (0.1-13.8)
N-isopropyl-N/-phenyl- 0.1% pet. 30 7 23.3(9.9-423) 143 7 4.9(2.0-9.8) 35 1 2.9(0.1-14.9)

p-phenylenediamine
Pyrogallol 1% pet. 26 5 19.2 (6.6-39.4) 100 3 3.0(0.6-8.5) 38 0 0.0 (0.0-9.3)
tert-Butylhydroquinone 1% pet. 19 4 21.1(6.1-45.6) 93 1 1.1(0.0-5.8) 32 0 0.0 (0.0-10.9)
Ammonium persulfate 2.5% pet. 23 0 0.0 (0.0-14.8) 100 4 4.0(1.1-9.9) 42 15 35.7 (21.6-52.0)
First location = head, face, 80.6 (63.7-90.8) 46.8 (40.2-53.4) 6.4(2.2-17.2)

or neck
First location = hands 9.7 (3.4-24.9) 31.0(25.2-37.5) 85.1(72.3-92.6)
Chronic irritant dermatitis 0.0 (0.0-11.0) 8.3(5.3-12.8) 23.4(13.6-37.2)
Allergic dermatitis 93.5(79.3-98.2) 68.1(61.6-73.9) 63.8 (49.5-76.0)
Item Minimum Maximum Mean % (95%CI) Minimum Maximum Mean % (95%Cl) Minimum Maximum Mean % (95%Cl)
Age (years) 13 50 26.8(22.0-31.7) 13 82 43.5(41.4-45.7) 17 60 33.0(29.3-36.8)

CI, confidence interval.

Crude frequencies of reactions to a selection of allergens and anamnestic items in three subpopulations are shown.

tended to have less stronger reactions to PPD than other
professions (20).

At first sight, our results showing a far higher risk
of PPD sensitization conferred by hair dyeing ([OR 5.99
(95%CI: 3.91-9.37)] than by henna tattoos [OR 2.41
(95%CI: 1.54-3.67)] seems to contradict the results of
a population-based European study, namely, the EDEN
study, which was recently published (3). In this study, hair
dyeing had no significant effect on PPD sensitization [OR
for ‘ever hair colorant use’ of 0.86 (95%CI: 0.30-2.50)],
whereas ‘black henna tattoo ever applied’ increased the
risk nine-fold [OR 9.33 (95%CI: 3.45-25.26)]. There
are several differences in study design between the EDEN
study and our study, but the two main factors explain-
ing the outcome differences are probably the following.

First, our data were generated by patch testing with
PPD 1% pet. in an 8-mm Finn Chamber®, correspond-
ing to 0.4 mg PPD/cm?. In the EDEN study, the TRUE®
Test with 0.09 mg PPD/cm? was used, which is approx-
imately one-quarter of our dose per unit area. However,
the dose per unit area is not the only relevant param-
eter for the PT outcome (the vehicle also has an influ-
ence), albeit a very important one. There is only one study
comparing PPD 1% pet. and the TRUE® Test with PPD
0.09 mg/cm? intraindividually (21); in this small study,
only 7 patients reacted to either of these test prepara-
tions. Three had discordant reactions (reaction intensity
not mentioned), and 4 had concordantly positive reac-
tions, with 3 of 4 being ++ or +++. Hence, unfortu-
nately, this study cannot provide evidence of diagnostic
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Fig. 3. Area-proportionate Venn (Euler) diagram of exposures
(dyeing own hair, having had a temporary henna tattoo, working as
a hairdresser) in p-phenylenediamine-sensitized patients.

equivalence. From comparative studies with PPD PTs at
different concentrations, it is known that lowering the
test concentration from 1% pet. to, for example, 0.3% pet.
leads to a significant loss of positive reactions, by 25%,
and this loss is even more pronounced for weak posi-
tive reactions (22, 23). Thus, bearing in mind that hair
dyeing mostly leads to a weak degree of PPD sensitiza-
tion, it is likely that the frequency of PPD sensitization by
hair dyeing may have been underestimated in the EDEN
study. Second, the EDEN study was a population-based
study; consequently, the investigated disease (i.e. sen-
sitization to PPD) was a rare event. Only 22 of 2739
patients tested (0.8%) reacted to PPD. In contrast, our
study is based on clinical data, with an overall proportion
of 271 of 4314 patients (6.3%) sensitized to PPD. When
a rare disease is investigated (with the same test with a
given sensitivity and specificity), the relative proportion
of false-positive test results increases with decreasing dis-
ease prevalence (24). Keeping in mind that PPD reactions
in patients sensitized by henna tattoos are often strong or
extreme (4), and that these reactions are easily detected
by a lower test concentration with the TRUE® Test, it
is likely that an overestimation of the risk of PPD sen-
sitization by henna tattoos occurred in the EDEN study.
Hence, it seems that an estimation of the relative risk of
hair dyeing and having a henna tattoo is more reliable
on the basis of clinical data (with a higher prevalence
of sensitization) and the established test concentration
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of PPD 1% pet. (which is recommended by the ESCD).
However, for the clinical diagnosis of (especially young)
patients with suspicion of PPD allergy after sensitization
to black henna, a gradually increasing PT concentra-
tion starting from < 0.05% (to a maximum of 1% pet.) is
recommended (25, 26).

Approximately 60% of PPD-positive patients suspected
hair cosmetics as the allergen source, and nearly the same
proportion (56.9%) developed subsequent eczema reac-
tions after hair dyeing in our analysis (Tables 1 and 2).
Hair dyeing was frequent among all women (63.2%),
hairdressers (85.8%), and patients who had had a henna
tattoo (69.7%) (Table 4). These results are comparable
to those of a Danish interview study, in which 74.9%
of an unselected female population stated having dyed
their hair at least once in a lifetime (27). The risk factor
‘hair dyeing’ is very common in our study population
and, in line with a European study (28), subsequent con-
tact allergic reactions are clear predictors of PPD sen-
sitization (Table 2). However, 180 of 236 PPD-negative
patients with eczematous reactions subsequent to hair
dyeing were tested with PTD as well, and, in 9 cases, a pos-
itive reaction was documented (5.0%). Hence, a small pro-
portion of PPD-negative patients may be ‘false negatives’,
in line with the observation of partial cross-reactivity
between PTD and PPD in PTs of approximately 75—80%
(2,29).

Another source of exposure to p-aminoaryl com-
pounds is the self-administered pretest, which is
encouraged by some hair dye suppliers in order to
avoid adverse reactions in already sensitized patients
(30). In our study population, the pretest was performed
by only 3.6% of the patients, and was not statistically
associated with the PPD PT result (Table 2). Although
no firm conclusions can be drawn from these data, and
these pretests are generally (not just in our study) utilized
very infrequently (10), we agree with the statement of
the DKG and others that such testing should be avoided,
to minimize skin contact with highly potent allergens
outside a medical context (9).

In our study, 4.3% of all PPD-tested patients (5.2%
of women) stated having had a temporary henna tattoo
(Tables 2 and 4). This proportion is comparable to that in
a Europe-wide questionnaire study, in which the preva-
lence of black henna tattoos was 7.2% in female inter-
viewees (3) and 4.8% (weighted average) in an European
multicentre study (28). In our investigation, the exact
colour of the temporary henna tattoo was not addressed
in qustion 6 (Fig. 1). However, application of a temporary
henna tattoo is still a significant risk factor for PPD sensi-
tization (Table 2), owing to the strong allergenic potency
of PPD (31).
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Contact dermatitis in hairdressers is mostly located on
the hands, and that in non-hairdressers is mostly located
on the head, face, or neck (18). These circumstances
are reflected by our data (Table 6). Of the hairdressers,
85.8% stated that they dyed their hair, but neither hair
dyeing (p=0.59) nor a subsequent eczematous reaction
(p=0.23) was more common in PPD-positive hair-
dressers than in PPD-negative hairdressers (Table 3).
Furthermore, PPD-positive non-hairdressers significantly
more often stated having had an eczematous reaction
after hair dyeing or a temporary henna tattoo than
PPD-positive hairdressers (p<0.0001 and p=0.014,
respectively). Taken together, neither dyeing of own hair,
which resulted in eczematous reactions, nor painting
of (black) henna tattoos (‘private habits’) seem to be
relevant risk factors for PPD sensitization in hairdressers,
whereas these are the main sources of sensitization in the
remaining patients (‘non-hairdressers’). It is possible that
hairdressers, owing to their educational background, are
more aware of the hazardous characteristic of PPD in hair
dyes or black henna tattoos than the general population
(‘non-hairdressers’). This probably leads to avoidance
of black henna and a preference for unadulterated red
henna with low allergenic potency. This would imply that
there is still an urgent need for the public to be informed
about such health risks.

With regard to concomitant reactions in patients who
reacted positively to PPD, we have analysed three groups:
cases with henna tattoo (no hairdressers), cases with hair
dye only (no henna, no hairdressers), and hairdressers
without henna tattoos (Table 6). In accordance with pre-
vious results (32), the anamnestic differences between
the three groups were reflected not only by the anatomical
site affected, but also by the final diagnosis: irritant con-
tact dermatitis was much more frequently diagnosed in
hairdressers. Furthermore, the mean ages of hairdressers
and that of the henna tattoo group were very low. Espe-
cially, the latter group of young PPD-positive patients
with temporary henna tattoos showed a significantly
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