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Patch Testing With Formaldehyde 2.0%
(0.60 mg/cm2) Detects More Contact Allergy
to Formaldehyde Than 1.0%
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Background: The International Contact Dermatitis Research Group increased the patch test concentration of formalde-
hyde from 1.0% aqueous (aq) to 2.0% aq (in 2011).

Objective: This study was designed to investigate the outcome of the decision.
Methods:Consecutive dermatitis patients in 8 different clinics were patch tested with formaldehyde 1.0% aq and 2.0% aq.

The test solutions were applied with a micropipette to the filter paper discs in the respective chamber.
Results: A total of 2778 patients were tested with 1.0% aq and 2766 to 2.0% aq. Sixty-five patients (2.3%, calculated from

2766 tested, to 2.0% aq) had positive patch test reactions interpreted as contact allergy to formaldehyde. This is a rather low
frequency. Of these 65, 46 were women (46/1703 [2.7%]) and 19 were men (19/1063 [1.8%]). Thirty-six reacted only to 2.0%
aq, 21 patients reacted to both concentrations, and 8 patients reacted only to 1.0% aq. Significantly, more patients reacted to
2.0% aq compared with 1.0% aq (P < 0.001). There was no significant sex difference. A total of 0.8% irritant reactions were
recorded to formaldehyde 2.0% aq and 0.1% to 1.0% aq.

Conclusions: The increased formaldehyde patch test concentration to 2.0% aq revealedmore formaldehyde contact allergy.
Formaldehyde, one of the oldest and widely used preservatives, is
a common contact allergen and has been included in the base-

line series since the 1930s.1 Based on the patient's history, it is difficult
to suspect contact allergy to formaldehyde because it is common in
the environment. It is also difficult to completely cure allergic contact
dermatitis caused by formaldehyde, because it is almost impossible
to totally avoid exposure to formaldehyde-containing products.
Danish and Swedish studies in the 1990s showed that formaldehyde
or formaldehyde-releasing preservatives are widely used in many
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consumer products (cosmetics, household, and industrial prod-
ucts).2,3 To optimize prevention of allergic contact dermatitis, the
establishment of contact allergy to formaldehyde by a thoroughly
evaluated patch test technique is important. Formaldehyde has been
regarded as a problematic patch test substance with poor reproduc-
ibility of allergic reactions.4 It has been judged to give irritant reac-
tions, which have been interpreted as positive reactions.5 The
recommended patch test concentration has been reduced from 5%
aqueous (aq) to 2% aq in the United States in the 1960s6 and from
4.0% aq to 1.0% aq in several other baseline series and now again in-
creased to 2.0% aq in the European baseline series and in the Inter-
national Contact Dermatitis Research Group (ICDRG) baseline
series.7 In the Malmö Department, patch testing with formalde-
hyde 2.0% aq has been used in patients with doubtful reactions
to formaldehyde 1.0% aq and when there has been a strong sus-
picion of contact allergy to formaldehyde. Furthermore, micropi-
pettes are recommended to be used routinely for dosing liquid
patch test solutions.8 Fifteen microliter is the optimal dose for
8-mm Finn Chambers.9

The present study investigated in several ICDRGmember clinics
the outcome of the increased patch test concentration in a series of
consecutive dermatitis patients tested with both 1.0% aq to 2.0%
aq formaldehyde.

Furthermore, we compared the relationship between contact al-
lergy to formaldehyde and the formaldehyde-releasing preservatives
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TABLE 1. The Total Number of Tested Patients in the 8 Centers

Patch Testing
Center

Formaldehyde
1.0% aq

Formaldehyde
2.0% aq

Quaternium-15
2.0 pet*

Imidazolidinyl
Urea 2.0% pet*

Diazolidinyl
Urea 2.0% pet

Total M F Total M F Total M F Total M F Total M F

A 244 197 47 244 197 47 NT
B 470 142 328 470 142 328 470 142 328 242 45 197 210 32 178
C 727 236 491 723 237 486 724 237 487 724 237 487 724 237 487
D 256 84 172 256 84 172 256 84 172 256 84 172 256 84 172
E 43 28 15 43 28 15 NT
F 567 181 386 559 181 378 567 181 386 566 181 385 566 181 385
G 302 145 157 302 145 157 302 145 157 302 145 157 302 145 157
H 169 49 120 169 49 120 169 49 120 169 49 120 169 49 120
Total 2778 1062 1716 2766 1063 1703 2488 838 1650 2259 741 1518 2227 728 1499

*In centers B and C, Quaternium-15 was tested at 1.0% pet, and in center G, imidazolidinyl urea was tested at 2.0% in aq.

F indicates female, M, male; NT, not tested.
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imidazolidinyl urea 2.0% petrolatum (pet), Quaternium-15 2.0% pet,
and diazolidinyl urea 2.0% pet.
MATERIALS AND METHODS

Study Population

Eight patch testing clinics representing 8 countries participated in the
study from January 1, 2014, to December 31, 2014. In these clinics,
2778 consecutively patch-tested dermatitis patients, 1062 males (mean
age = 39.1 years, range = 6–86) and 1716 females (mean age =
43.7 years, range = 3–94), took part (Table 1).

Substances

Formaldehyde 37% aq (wt/wt) was bought from Acros Organics
(Pittsburg, PA) and used for preparing the formaldehyde patch test
solutions at the Department of Occupational and Environmental
Dermatology in Malmö. Formaldehyde 2.0% aq (0.60 mg/cm2)
and 1.0% aq (0.30 mg/cm2) were prepared from the same batch
and sent from Malmö to the participating clinics at the following
5 occasions: December 2013, February 2014, April 2014, August
2014, and October 2014. Each center patch tested its own 3 form-
aldehyde releasers: imidazolidinyl urea 2.0% pet, Quaternium-15
2.0% pet, and diazolidinyl urea 2.0% pet.

In Odense, Denmark, the T.R.U.E. Test system (SmartPractice,
Phoenix, AZ) was used to test formaldehyde instead of formalde-
hyde 1.0% aq supplied by Malmö. Formaldehyde in the T.R.U.E.
Test system corresponds to 180 μg/cm2. Quaternium-15 (100 μg/cm2),
imidazolidinyl urea (600 μg/cm2), and diazolidinyl urea (550 μg/cm2)
were also tested within the T.R.U.E. Test system in Odense.

Patch Testing

The test preparations were provisionally included into the baseline se-
ries in all clinics. Patch testing and reading of the patients followed the
routines of the participating clinics, using Finn Chambers on Scanpor
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tape (Ø 8 mm; SmartPractice), in 7 clinics, whereas 1 clinic used Van
der Bend chambers (8� 8 mm; Brielle, the Netherlands), respectively.

For solutions, a micropipette was to be used to apply the correct
dose for the test system of choice (ie, for a Finn Chamber [15 μL,
30 μL/cm2]; for a Van der Bend chamber [20 μL, 30 μL/cm2]).8

For the test preparations in pet, 20 mg was applied to Finn Cham-
bers as recommended by the European Society of Contact Dermati-
tis.10,11 The test chambers remained on the back for 2 days, and
readings were taken following the guidelines of the ICDRG.12 The
common reading day was day 3 (D3) or D4 (reading 1). A late read-
ing, if mandatory in the respective center, was performed 7 to 8 days
after application of patches in 2139 patients. In centers B and H, a
D7 reading was not mandatory. A dermatologist read all patch tests.
A positive reaction on D3 or D4 was registered as a positive reaction
in the present study, and the results in this article are based on these
readings only, if not otherwise stated. An individual test protocol de-
signed for the study was filled in for each patient with patch test reac-
tions (allergic, doubtful, or irritant) to at least one of the following test
preparations: formaldehyde 1.0% aq and 2.0% aq, imidazolidinyl urea
2.0% pet, Quaternium-15 2.0% pet, and diazolidinyl urea 2.0% pet.

It was emphasized that all patch test reactions without an obvi-
ous morphology of an allergic or irritant nature must be classified
as doubtful. Late reactions beyond D8 were to be reported.

Statistical Analysis

The McNemar test was used to compare the number of positive re-
actions to formaldehyde 2.0% aq and 1.0% aq. Fisher exact 2-tailed
test was used to compare the contact allergy rate in males and fe-
males, as well as the association between formaldehyde and the sep-
arate formaldehyde-releasing preservatives. The differences were
considered significant when P < 0.05.
RESULTS

A summary of patch test reactions to formaldehyde is given inTable 2.
Unauthorized reproduction of this article is prohibited.



TABLE 2. The Positive Reactions to All Tested Substances

Formaldehyde
1.0% aq

Formaldehyde
2.0% aq

Quaternium-15
2.0% pet

Imidazolidinyl
Urea 2.0% pet

Diazolidinyl Urea
2.0% pet

Patch Testing Center Total M* F† Total M F Total M F Total M F Total M F

A 1 0 1 0 0 0 NT‡ NT NT
B 4 0 4 7 0 7 9 0 9 5 0 5 6 0 6
C 13 4 9 21 9 12 4 2 2 4 2 2 2 2 0
D 3 1 2 6 1 5 4 1 3 0 0 0 0 0 0
E 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0
F* 6 1 5 14 4 10 5 1 4 4 2 2 3 1 2
G 0 0 0 0 0 0 2 1 1 0 0 0 0 0 0
H 2 0 2 7 3 4 1 0 1 0 0 0 0 0 0
Total 29 6 23 57 17 40 25 5 20 13 4 9 11 3 8

*Center using T.R.U.E. Test system.

F indicates female, M, male; NT, not tested.
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Fifty-seven of the patients reacted positively to formaldehyde
2.0% aq, but 36 of the 57 patients reacted negatively to formaldehyde
1.0% aq, 21 patients reacted to both concentrations, and 8 patients
reacted positively to formaldehyde 1.0% aq but negatively to 2.0% aq.
Twenty-nine patients reacted to formaldehyde 1.0% aq (Fig. 1). Sig-
nificantly, more patients reacted to 2.0% aq compared with 1.0% aq
(P < 0.001). Thus, in all, 65 patients (2.3%, calculated from 2766 tested
to 2.0% aq), 46 women (46/1703 [2.7%]) and 19men (19/1063 [1.8%]),
had contact allergy to formaldehyde. The sex difference was not sta-
tistically significant (P = 0.16). The proportion of women and men,
mean age, and range of the groups reacting to 2.0% aq only and to
both concentrations were similar.

Among positives to 2.0% aq, 6 patients reacted only on D7, and
among positives to 1.0% aq, 8 patients reacted only on D7 (Table 3).

Eighteen patients had doubtful reactions to 2.0% aq, without be-
ing positive to 1.0% aq formaldehyde. Fourteen patients had doubt-
ful reactions to 1.0% aq, but 11 of these reacted positively to 2.0% aq.
Twenty-one irritant reactions (0.8%) were recorded to 2.0% aq and
3 (0.1%) to 1.0% aq (Table 4).

In all, 49 positive reactions to the tested formaldehyde releasers
were found (Table 5). Among the formaldehyde-allergic patients de-
tected by testing 1.0% aq, 14 of 25 patients with contact allergy to
Quaternium-15, 4 of 11 patients with contact allergy to diazolidinyl
urea, and 3 of 13 cases with contact allergy to imidazolidinyl urea
were found. The corresponding numbers of contact allergies found
when testing formaldehyde 2.0% aq were 18/25, 7/11, and 6/13,
respectively (Table 5). The association between contact allergy to
Figure 1. The distribution of exclusive and concurrent reactions to
formaldehyde 1.0% aq and formaldehyde 2.0% aq.
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formaldehyde, independent of patch test concentration used, and
the 3 formaldehyde-releasing preservatives was statistically signifi-
cant (P < 0.001) (Table 5).
DISCUSSION

Patch testing with formaldehyde 2.0% aq at 30 μL/cm2 detected in
consecutive dermatitis patients twice as many formaldehyde-allergic
individuals compared with 1.0% aq (P < 0.001). This is in accordance
with 2 recent studies in which the dose also was carefully moni-
tored.13,14 The standard concentration in the 1980s was 2.0% aq.
When the patch test system at many clinics was changed from the
Al-test to the Finn Chamber system, the ICDRG anticipated an in-
creased risk of irritant reactions from formaldehyde 2.0% aq and
therefore lowered the recommended patch test concentration to
1.0% aq.1 Contact allergy to formaldehyde 1.0% aq was found in ap-
proximately 2.5% of patients tested with the European baseline series
1991–2000.15 In 1983–1984, the prevalence value of sensitization to
formaldehyde 2.0% aq tested with the Finn Chamber technique in a
Swedish study of hand eczema was 1.6%.16 Formaldehyde allergy is
reported to be more common in women than in men and a signif-
icant allergen in women with hand eczema.16 This may be explained
by the finding that formaldehyde contact allergy is often associated
with the usage of cosmetics and household products.17,18 We did not
find an overrepresentation of women in the present study. Formal-
dehyde is a ubiquitous allergen that might be difficult to avoid.
Product-labeled ingredient lists and available information are often
TABLE 3. Number of Positive Reactions to

Formaldehyde 2.0% and 1.0% by Reading Day and
Proportions Among Positives

Concentration
D3 or D4
Only

D7 or D8
Only

D3 or D4
and D7 or D8 Total

2.0% 25 (41.7%)* 6 (10.0%) 29 (48.3%) 60
1.0% 11 (31.4%) 8 (22.9%) 16 (45.7%) 35

*Four patients were not read on D7; therefore, they are not included in the sum.
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TABLE 4. Patch Test Reactions to 2 Different

Concentrations of Formaldehyde (wt/vol%)

Formaldehyde
Contact Allergy

Reactions
Other

Reactions

(wt%/vol%) +++* ++ + Tot %† ?‡ %† IR§ %†

Total
Tested

2.0
All§ 3 22 32 57 2.1 18 0.7 21 0.8 2766
Men 1 7 9 17 1.6 1063
Women 2 15 23 40 2.3 1703

1.0
All 1 5 23 29|| 1.0 3¶ 0.1 3 0.1 2778
Men 1 2 7 10 0.9 1062
Women 0 3 16 19 1.1 1716

*The recorded reaction D3/D4.

†Proportion (%) among tested patients.

‡Doubtful reaction without positive reaction to formaldehyde 2.0%.

§Sex is given only for allergic reactions.

||Eight patients reacted to 1.0% without reacting to 2.0%.

¶In addition, 11 patients had doubtful reactions to 1.0% but reacted positively to 2.0.

IR indicates irritant reaction.
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inadequate to confirm the potential for formaldehyde exposure, and
chemical-based spot test kits may have utility for identification of
potential formaldehyde exposure from personal care products.19

Among all patients tested, irritant reactions to formaldehyde 2.0% aq
and 1.0% aq were noted in (21/2766) 0.8% and (3/2778) 0.1% of the pa-
tients, respectively (Table 4), in accordance with another study in which
0.4% and 0.1% of the patients, respectively, had irritant reactions.13

Here, however, most irritant reactions were reported from one clinic,
and interlaboratory variation in patch test scoring cannot be excluded.

The low number of irritant reactions to 2.0% aq and 1.0% aq in
this study may be related to the usage of micropipettes, which en-
ables exact dosage. According to previous results, there is a large in-
crease of irritant reactions between 2.0% aq (0.60 mg/cm2) and 3.0%
aq (0.90 mg/cm2). There is, thus, a narrow range of concentrations
with which formaldehyde can be tested and by which the detection
TABLE 5. Positive Reactions to Formaldehyde 2.0% an

Formaldehyde Releasers in 2778 and 2766 Patients, Res

Total No.
Positive
Reactions

n* %† n‡

Formaldehyde releasers
Quaternium-15 25 1.0 18
Diazolidinyl urea 11 0.5 7
Imidazolidinyl urea 13 0.6 6

*Total number of positive reactions.

†Proportion (%) of positive reactions among all tested.

‡Number of simultaneous positive reactions to a formaldehyde releaser.

§Proportion (%) of formaldehyde-allergic patients among positives to a formaldehyde rele

Copyright © 2019 American Contact Dermatitis Society. 
of contact allergy can be established without either missing contact
allergies or causing irritant reactions. Such a narrow range makes an
exact test dose per area even more important. A recent study at the
department of occupational and environmental dermatology inMalmö20

showed that with the commonly used drop technique, by which the
solution is applied by squeezing the plastic bottle containing the so-
lution, the amount applied might vary between approximately 11
and 44 mg. Because the dose of allergen is dependent of the amount
of solution applied, this might well cause varying results with regard
to allergic reactions and also more frequent irritant reactions.

Among all patients tested, doubtful reactions to formaldehyde
2.0% aq and 1.0% aq were noted in 18 (0.7%) of 2766 patients and
14 (0.5%) of 2778 patients, respectively (Table 4).

Doubtful reactions are problematic in the diagnostics of contact
allergy. These reactions may be the expression of both irritant reac-
tions and weak contact allergies.21

Patch testing with any sensitizer can result in a doubtful reaction,
but it varies among different allergens.21 Reactions to formaldehyde
belong to patch test reactions that are considered to be difficult to
evaluate. In our study, there were relatively more doubtful reactions
to 1.0% aq compared with 2.0% aq (14/29 vs 18/57, respectively).
However, 11 (79%) of the 14 doubtful reactions to 1.0% aq turned
out to be positive when 2.0% aq formaldehyde was tested and were
thus confirmed contact allergies (Table 4). This means that the the-
oretical “price” in the form of doubtful reactions that are not contact
allergies could be the same regardless of patch test concentration but
also that, by testing with 2.0% aq, a considerable proportion of doubt-
ful reactions to 1.0% aq are diagnosed as formaldehyde allergy.

Ten percent (6/60) of our formaldehyde-allergic patients had pos-
itive patch tests to 2.0% aq only on D7. This means that the number
of contact allergies to formaldehyde 2.0% aq that would have been
missed if no reading on D7–D8 had been performed is substantial
and shows the importance of a late reading on D7–D8.

At present, all the 3 investigated formaldehyde releasers are in-
cluded in the international baseline series. Under the assumption that
patients found to have contact allergy to formaldehyde are advised to
avoid products that contain formaldehyde releasers, our results
d 1.0% Among Patients With Contact Allergy to

pectively

Simultaneous Reactions to Formaldehyde

2.0% 1.0%

%§ P n‡ %§ P

72 <0.001 14 56 <0.001
64 <0.001 4 36 <0.001
46 <0.001 3 23 <0.001

aser.
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imply that there are few additional cases found by routinely testing
these 3 formaldehyde releasers when formaldehyde 2.0% aq is used.
For Quaternium-15, 0.3% are missed, and for imidazolidinyl urea
and diazolidinyl urea, 0.3% and 0.2% are missed, respectively. When
1.0% aq formaldehyde is tested, the figures are 0.4%, 0.4%, and 0.3%, re-
spectively. These numbers are too low to qualify the 3 releasers to be in-
cluded in the baseline series, according to published recommendations.22

CONCLUSIONS

The present study shows that patch testing with formaldehyde 2.0% aq
(wt/vol) while using a micropipette detects twice as many reacting
individuals compared with 1.0% aq. Furthermore, this dose does not
give a high frequency of irritant reactions whenmicropipettes are used.
The decision by the ICDRG to increase the patch test concentration of
formaldehyde from 1.0% aq to 2.0% aq in 2011 was soundly based.
With regard to Quaternium-15, imidazolidinyl urea, and diazolidinyl,
their presence in the baseline series seems to be superfluous.
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