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Summary

Background. The monomeric isocyanates diphenylmethane diisocyanate (MDI), 2,4-
toluene diisocyanate (TDI), isophorone diisocyanate (IPDI) and 1,6-hexamethylene
diisocyanate (HDI) are used in polyurethane products and sometimes cause contact
allergy.

Objectives. To describe patients with isocyanate contact allergy in an occupational
dermatology clinic.

Methods. Test files were screened for allergic reactions to isocyanates and 4,4'-
diaminodiphenylmethane (MDA). Patients with allergic reactions to some of the allergens
were analysed for occupation, exposure, concomitant reactions to other allergens, and
diagnosis.

Results. Over a period of almost 13 years, 54 patients reacted to isocyanates (9 to
IPDI, 12 to MDI, 6 to TDI, and 1 to HDI) or MDA (44 patients). The motor vehicle,
electronics and paint industries, and painting and construction work, were among the
most significant occupational fields. An in-house polymeric MDI (PMDI) test substance
was superior to commercial MDI preparations. About half of the occupational cases
related to MDI products were diagnosed by testing MDA. The most prominent cause of
IPDI allergy comprised polyurethane paint hardeners. Some of the IPDI reactions could
be explained by cross-allergy to isophoronediamine in epoxy products. Specific exposure
to MDA was difficult to trace.

Conclusions. MDA and PMDI test substances were significant in the diagnosis of MDI
contact allergy.

Key words: diaminodiphenylmethane; diphenylmethane diisocyanate;
hexamethylene diisocyanate; isophorone diamine; isophorone diisocyanate;
phenylisocyanate; toluene diisocyanate.

Isocyanates are highly reactive compounds that are used
in the production of polyurethane. On a worldwide scale,
polyurethane products are most commonly based on
two aromatic isocyanates, diphenylmethane diisocyanate

Correspondence:  Kristiina Aalto-Korte, Finnish Institute of Occupational
Health (FIOH), Control of Hypersensitivity Diseases, Topeliuksenkatu 41 a
A, FI-00250 Helsinki, Finland. Tel: +358 30 4741; Fax: +358 9 5875 449.
E-mail: kristiina.aalto-korte@ttl.fi

Conflicts of interest: The authors have declared no conflicts.

Accepted for publication 2 December 2011

© 2012 John Wiley & Sons A/S
Contact Dermatitis

(MDI; containing mostly 4,4’-MDI (CAS 101-68-8; Fig 1)
and possibly 2,4’-MDI (CAS 5873-54-1)) and toluene
diisocyanate (TDI; Fig. 1, which is usually a mixture of
the 2,4-TDI (CAS 584-84-9) and 2,6-TDI (CAS 91-08-7)
isomers). MDI and TDI are mainly used in paints and
other surface coatings, glues and adhesives, castings,
and soft and rigid foams. Aliphatic isocyanates such as
isophorone diisocyanate (IPDI; CAS 4098-71-9; Fig. 1)
and 1,6-hexamethylene diisocyanate (HDI; CAS 822-
06-0; Fig. 1) are used in products requiring light and
weather resistance. Isocyanates are a prominent cause
of occupational asthma (1). Allergic contact dermatitis
caused by isocyanates is less frequently reported (2—6).
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Fig. 1. Chemical structures of monomeric isocyanates and
4,4’-diaminodiphenylmethane.

The objective of the study was to describe sensiti-
zation to the monomeric diisocyanates MDI, TDI, IPDI
and HDI in patients examined for suspected occupa-
tional skin disease at the Finnish Institute of Occupational
Health over a period of almost 13 years (1998-2010).
As an important marker of MDI hypersensitivity, we
studied 4,4’-diaminodiphenylmethane (methylene dian-
iline; MDA; CAS 101-77-9; Fig. 1) together with the
monomeric diisocyanates (7, 8).

Methods

We performed the patch tests with Finn Chambers®
(Epitest Ltd Oy, Tuusula, Finland), according to the
recommendations of the International Contact Dermatitis
Research Group. We read the tests two or three times,
on D2, D3, and D4, on D2, D3, and D6, or on D2
and D5, depending on the day of application. We asked
patients to inform us of whether they had noticed new
reactions after the final reading. All patients at the Finnish
Institute of Occupational Health are suspected of having
an occupational skin disease. They come from all parts of
Finland.

We screened the test files from March 1998 to
November 2010 for allergic reactions to MDI, TDI,
HDI, IPDI, and phenylisocyanate. These compounds
were included in a separate ‘isocyanate series’. MDI
was concomitantly tested with two preparations, an

in-house substance at 2% concentration and a
commercial preparation at 1% concentration. Reactions
to MDA were similarly screened. The providers of the test
materials varied, and the concentrations and the num-
bers of tested patients and allergic reactions for each test
substance are shown in Table 1. We tested MDA in rub-
ber chemicals, epoxy, and plastic and glues series. The
clinical records of all patients with at least one allergic
reaction (+/++/+++) to any of the compounds were
analysed for occupation, symptoms, material safety data
sheets (MSDSs), results of the chemical analyses of the
patients’ own products, patch test reactions to their own
products, and diagnosis.

For chemical analyses, we extracted the test material
with acetonitrile to remove the diisocyanates from the
test preparations. The extract was added to a solution of
acetonitrile containing an excess of 1-(2-methoxyphenyl)
piperazine. We analysed the formed urea derivatives by
liquid chromatography—mass spectrometry (LC-MS). The
LC-MS apparatus was a TSQ Quantum (Thermo Fischer
Scientific, San Jose, CA, USA), and the column was a
Waters Symmetry C18 (5 um, 150 cm x 2.1 mm; Waters
Corp., Milford, MA, USA). Except for the apparatus, the
analytical method was the same as described by Boutin
etal. (9).

Results

During the study period, 345 patients were tested with the
isocyanate series, and 23 (6.7%) of them reacted positively
to at least one isocyanate monomer [12 (3.5%) to MDI,
9 (2.6%) to IPDI, 6 (1.7%) to TDI, and 1 (0.3%) to HDI;
4 tested positive to more than one isocyanate]. Table 1
shows the numbers of positive reactions to different test
substances, and Fig. 2 shows the patterns of concomitant
reactions to different MDI test substances and MDA.
The clinical details of the isocyanate-positive patients
are shown in Table 2.

During the study period, MDA was tested in a total
of 1277 patients, 44 (3.3%) of whom had an allergic
reaction. One patient was not tested with MDA because of
previously diagnosed MDA allergy (patient 3 in Table 2).
Of these 45 MDA-allergic patients, 25 were tested with
isocyanates, and 13 of them reacted positively to at least
one isocyanate monomer (patients 1-8 and 10—14 in
Table 2). One of the patients (no. 10) has previously been
reported on in detail (10). Of the 12 MDI-positive patients,
only one was negative for MDA (no. 9). Thirteen MDA-
positive patients with no allergic reactions to isocyanates,
but with clear or possible exposure to polyurethane prod-
ucts, are shown in Table 3. In the first 9 patients, the
MDA reactions were related to occupational exposure to
polyurethane products. Nineteen MDA-positive patients

© 2012 John Wiley & Sons A/S
Contact Dermatitis



OCCUPATIONAL CONTACT ALLERGY TO DIISOCYANATE e AALTO-KORTEET AL.

Table 1. Providers and concentrations of test materials, numbers of patients tested with individual test substances, and allergic reactions to

each test substance

Number of Negative reactions when
Number of allergic another MDI test

Allergen Provider Concentration patients tested reactions (%) substance was positive
4,4'-Diphenylmethane diisocyanate Trolab? 1% pet. 222 4(1.8) 1

(4,4’-MDI)
4,4'-Diphenylmethane diisocyanate Brial° 1% pet.p 124 0 6

(4,4’-MDI)
Polymeric diphenylmethane diisocyanate In-house test substance 2% pet. 345 9(2.6) 3

(PMDI)
4,4'-Diaminodiphenyl methane (MDA) Trolab® 0.5% pet. 780 33(4.2) —
4,4'-Diaminodiphenyl methane (MDA) Chemotechnique® 0.5% pet. 768 18(2.3) —
Hexamethylene diisocyanate (HDI) Chemotechnique 0.1% pet. 344 1(0.3) —
Isophorone diisocyanate (IPDI) Chemotechnique 1% pet. 344 8(2.3%) —
Toluene diisocyanate (TDI) Trolabd 1% pet. 221 3(1.4) —
Toluene diisocyanate (TDI) Brial 1% pet. 124 3(2.4) —
Phenyl isocyanate Brial 0.1% pet. 344 0 —

2Changed to Brial's test substance in December 2005.

bThis test substance was analysed twice: in November 2010 it contained 0.3% 4,4’-MDI, and in April 2011 (10 months before the expiry
date, February 2012) it contained 0.0035% 4,4’-MDI; no other monomers or oligomers were detected.
“MDAs from the two providers were used concomitantly in different test series, and a large number of patients were tested with the two

preparations.
dChanged to Brial's test substance in December 2005.

commercial

MDI

in-nouse PMDI

MDA-positive MDI-negative
cases exposed to MDI products

Fig. 2. The patterns of concomitant reactions to diphenylmethane
diisocyanate (MDI) test substances [commercial 4,4’-MDI and
in-house polymeric MDI (PMDI)] and 4,4’-diaminodiphenylmeth-
ane (MDA).

with no known exposure to isocyanates are not described
in detail. Although 4 of these were diagnosed as having
occupational allergic contact dermatitis caused by epoxy
compounds, we were not able to show specific expo-
sure to MDA in any of these 19 patients. However, 9 of
them had contact allergy to the para-amino compounds
p-phenylenediamine (PPD), caine mix III, or N-isopropyl-
N-phenyl-4-phenylenediamine. In the whole group of
the 45 MDA-positive patients, 13 (29%) had PPD contact
allergy.

© 2012 John Wiley & Sons A/S
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Discussion

In the present study, we analysed a total of 55 patients
with allergic reactions to MDI, MDA, TDI, IPDI, or HDI.
The occupational cases of isocyanate allergy comprised
several workers in the motor vehicle and electronics
industries, and also workers involved in the use or man-
ufacture of polyurethane paints. We had no laboratory
technicians, which is the most common occupation in
Belgium for workers suffering from isocyanate allergy (4).
The most common products causing isocyanate contact
allergy were hardeners for glues, foams, paints, coatings,
and cast polyurethane. The most common locations of
occupational dermatitis were the hands and forearms,
but the face was also commonly affected. In a recent
report from a general dermatology clinic, facial symptoms
were more common among TDI-positive or IPDI-positive
cases than among MDA-positive or MDI-positive ones (6).
In our study, no difference was noted when MDI-positive
patients were compared with IPDI-positive or TDI-positive
cases, but facial symptoms were not so common in patients
reacting only to MDA.

MDI/MDA

MDI reactions were more common than reactions
to other isocyanates, which is in accordance with
the fact that MDI represents more than half of the
worldwide total production of isocyanates(11). The
numbers of MDI/MDA-related cases have also been high
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in previous, larger studies (4, 6). The main problem in the
diagnosis of isocyanate contact allergy is the instability
of commercially available 4,4’-MDI test substances,
owing to polymerization. When test preparations from
12 different dermatology clinics were analysed in
Malmo, none of them contained more than 12% of
the labelled concentration (8). Patch test preparations
made of polymeric MDI (PMDI) are more stable and
more homogeneous than 4,4’-MDI preparations, and the
Malmé group has recommended that a PMDI product
with a monomer content of at least 35% should be used at
a concentration of 2% in petrolatum in the patch test (7).
Since 1998, our isocyanate series has included an in-
house test substance prepared from a product containing
39% 4,4’-MDI, 15% MDI triisocyanate, and ~5% 2,4'-
MDI (Merck KGaA, Darmstadt, Germany). In line with
the Swedish results, this test material was superior to
commercial preparations: 8 of 12 MDI-positive cases were
found with this in-house preparation. However, 3 of our
patients reacted positively to the commercial Trolab®
preparation, but negatively to the in-house preparation.
We stored the diluted test preparations in a refrigerator
rather than in a freezer, for practical reasons. According
to the Swedish studies, MDI preparations are stable only
when kept frozen (12); they also recommend reading
the tests on D7 (7). Our study possibly contained false-
negative results, owing to the problems of MDI testing
and the inability to perform routine readings on D7 or
later. One of the patients (no. 12 in Table 2) reported late
reactions to MDI.

Many previous reports have implied that MDA is a good
marker for MDI sensitivity (2, 4, 7). The present results
support this concept: we had 17 cases of occupational
sensitization related to MDI products, but only 8 of them
reacted positively to MDI, and, in 9 cases, the diagnosis
of occupational contact allergy was based on positive
MDA reactions [in 1 case, also on positive reactions to an
MDI-containing product (No. 3 in Table 3)].

According to the national Product Register of Chemi-
cals, MDA is declared in the MSDSs of only a few products
sold on the Finnish market, all of which are hardeners
for epoxy products, mainly paints and coatings. We did
not find such products in the exposure assessment of
our patients, but our chemical analyses detected minute
amounts of MDA in epoxy hardeners used by 2 patients
(no. 3 in Table 2, no. 10 in Table 3), and 1 patient (no.
1 in Table 2) had used a solder paste and a protective
lacquer for circuit boards with MDA contents of 0.03%
and 0.01%, respectively. In addition, 10 other MDA-
allergic patients were diagnosed as having contracted
occupational allergic dermatitis from epoxy compounds;
specific exposure to MDA cannot be excluded in these

© 2012 John Wiley & Sons A/S
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cases. The relative number of concomitant reactions to
PPD (29%) was about the same as in three recent reports
from Ttaly, Germany, and Finland (32%, 32%, and 35%,
respectively) (6, 13, 14). Thus, specific exposure to MDA
was difficult to trace, and reactions to MDA could most
often be explained by exposure to MDI or cross-allergy to
other para-amino compounds.

TDI

The quantitatively second most used isocyanate after MDI
is TDI. This is used in paints, varnishes, glues, soft foams,
and sealing compounds. According to the national Prod-
uct Register of Chemicals, TDI is declared in the MSDSs
of products such as paints, glues for construction work,
materials for the manufacture of shoes, and raw materials
for plastic products. The literature contains reports of pos-
itive patch test reactions to TDI (4, 6, 15—18), but only a
few of the cases have shown specific exposure to TDI (4,
15). In the present study, allergic reactions to TDI were
seen in 6 patients, but we traced specific exposure to TDI
for only 1 ofthe patients (to a hardener of a wood paint; no.
20). In addition, 1 patient had a doubtful reaction to TDI,
and was exposed to minimal amounts of TDI in foamed
plastics (no. 23). One of the TDI-allergic patients was
exposed to MDI-based and IPDI-based products, but TDI
was not mentioned in the MSDSs (no. 11), and another
patient had previously studied prepress production in the
imaging industry, where isocyanates may be used (no.
18). We could find no other possible source of sensitiza-
tion. Animal tests have shown cross-reactions between
TDI and MDI (19), but simultaneous reactions were seen
in only 1 of our 6 TDI-positive patients. This finding
was in line with the results from general dermatology
patients in the Turku region of Finland (6).

IPDI

IPDI belongs to the aliphatic diisocyanates, which are
used in the formulation of light-stable polyurethane
coatings (11).Positive patch test reactions to IPDI without
data on specific exposure to IPDI have previously been
reported (3, 6, 16, 17). Some of the patients had
reacted positively to isophorone diamine (IPDA) (6),
and in these cases a possible explanation for the
simultaneous reactions is cross-allergy between IPDI
and the corresponding amine IPDA (20). Although the
consumption of aliphatic isocyanates (including IPDI) is
only a small fraction of the consumption of aromatic
isocyanates, MDI and TDI (11), in the present study IPDI
reactions formed the second largest group after MDI/MDA
reactions. IPDI reactions were also quite common in the
Turku study (6). We found specific exposure to IPDI in 2
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of the 9 IPDI-allergic patients. The first patient (no. 13
in Table 2) was a set painter in a theatre, and developed
occupational allergic contact dermatitis after handling a
polyurethane paint. The MSDS of the hardener of the paint
declared only MDI prepolymer, but our chemical analysis
detected about 100% IPDI in the product, and no MDI.
The second patient (no. 11 in Table 2) worked in a paint
factory, and had handled an IPDI-based paint hardener,
but had not had symptoms while handling this product.
In 2 other IPDI-allergic cases, the cause of the dermatitis
was epoxy resin and its hardener, IPDA (nos. 14 and
17 in Table 2). In these cases, we considered that the
reactions to IPDI represented cross-allergy to IPDA, but
specific past exposure to IPDI could not be excluded. Two
other patients (nos. 12 and 16 in Table 2) were currently
exposed to polyurethane paint hardeners, which, accord-
ing to the MSDSs and chemical analyses, did not contain
IPDI, although they did contain other isocyanates. In
conclusion, allergic reactions to IPDI mostly derived from
handling hardeners for polyurethane paints. Some IPDI
reactions could be explained by cross-allergy to IPDA in
epoxy hardeners.

HDI

HDI-based products are commonly used in lacquers,
coatings, and spray paints. Although HDI is a strong
allergen according to animal studies, stronger than MDI
or TDI(21), not many reports of allergic contact der-
matitis exist (4, 22, 23). Our results were in line with
other recent series (4, 6): only one patient reacted to HDI,
but in this case we were not able to show any specific
exposure to the chemical. The reason for the low sensi-
tivity rates is possibly minor exposure to monomeric HDI.
HDI-based products are not used in as high amounts as
MDI-based products, and the monomer content of modern
HDI oligomer-based products is usually very low (<1%).
In our experience, HDI trimers are much more promi-
nent allergens than the monomer itself: since 2000, we
have seen a total of 6 patients with contact allergy to
HDI trimers, 4 of whom were presented in our recent
report (24).
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