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Allergy to Methyldibromoglutaronitrile/Phenoxyethanol

(Euxyl K 400): Regulatory Issues, Epidemiology, Clinical

Characteristics, and Management
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Methyldibromoglutaronitrile/phenoxyethanol (Euxyl K 400) is a preservative found in both personal care products and industrial

sources. Although Euxyl K 400 initially appeared to have low sensitizing potential, increased prevalence of contact allergy to Euxyl K

400 led to regulatory intervention. This review summarizes the history, epidemiology, and management of contact allergy to Euxyl K

400. Issues related to patch-test preparations are also discussed.

M ETHYLDIBROMOGLUTARONITRILE/PHENOXY-

ETHANOL, also known as 1,2-dibromo-2,4-

dicyanobutane and by the trade name Euxyl K 400

(Schülke & Mayr GmbH, Norderstedt, Germany), is a

preservative used in both cosmetics and industrial

products. As a 1:4 mixture of methyldibromoglutaroni-

trile (Fig 1) and phenoxyethanol (Fig 2), it is equally

effective against bacteria, fungi, and yeast.1 Although this

preservative originally appeared to have low sensitizing

potential, it has become an important source of contact

allergy in the United States and Europe. The sensitizing

ingredient in Euxyl K 400 is nearly always methyldibro-

moglutaronitrile (MDBGN); contact allergy to phenoxy-

ethanol is rare. Under the trade name Tektamer 38

(Lanxess Corporation, Pittsburgh, PA), MDBGN was first

used as an industrial biocide in products such as latex

paints, metalworking fluids, and joint cement and other

adhesives.2 Currently, MDBGN is most commonly found

in cosmetics such as Euxyl K 400. MDBGN synonyms and

trade preservatives containing MDBGN are listed in Table 1

and Table 2, respectively. More than 150 mixtures contain

phenoxyethanol and ingredients other than MDBGN.3

The purpose of this review is to summarize the history

and epidemiology of allergy to Euxyl K 400 and its

constituents, MDBGN and phenoxyethanol. Methods

included a PubMed search of the terms ‘‘methyldibromo-

glutaronitrile,’’ ‘‘phenoxyethanol,’’ ‘‘methyldibromogluta-

ronitrile phenoxyethanol,’’ ‘‘MDBGN/PE,’’ ‘‘Euxyl K 400,’’

‘‘dibromodicyanobutane,’’ ‘‘1,2-dibromo-2,4-dicyanobutane,’’

and ‘‘Tektamer 38.’’ Hand searching of review articles was

also performed. For purposes of this article, the term

‘‘Euxyl K 400’’ refers to the combination of MDBGN and

phenoxyethanol; the individual terms ‘‘MDBGN’’ and

‘‘phenoxyethanol’’ refer to those individual ingredients

specifically. Because the majority of reports state that

most cases of contact allergy to Euxyl K 400 are caused by

MDBGN and that relatively few are due to phenoxyetha-

nol, the focus of this article is contact allergy to MDBGN.

A brief summary of contact allergy to phenoxyethanol is

also included.

Sensitization Studies

Early data from the manufacturer of Tektamer 38 showed

that this preservative was a moderate skin irritant but not

a sensitizer; a human repeat insult patch-test study involving

52 volunteers who applied 3,000 ppm of Tektamer 38 in

corn oil 12 times daily for 3 weeks resulted in no

sensitizations.2 Similarly, several early animal studies

conducted from 1981 to 1988 failed to demonstrate the

sensitizing capacity of MDBGN4 (Table 3). The Ritz-Buehler

method was used in seven different guinea pig studies.

These studies used closed patches with concentrations of

MDBGN ranging from 0.2 to 75.0% for induction and

from 0.2 to 5.0% for challenge. Three other guinea pig

maximization studies in this same period were performed

with the Magnusson-Kligman maximization method,

which involved a subdermal injection of 5 to 20%
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MDBGN followed 1 and 3 weeks later by 24-hour topical

application of MDBGN.4 Finally, in 1988, a guinea pig

maximization test using MDBGN at 0.5% both intrader-

mally and topically for induction and at 0.1% topically for

challenge did not show a statistically significant increase

in positive reactions when the results were compared with

those of controls.5

A later study by Hausen, however, showed that Euxyl K

400 and MDBGN were in fact weak sensitizers; these

investigators used a modified Freund’s complete adjuvant

test. This method (considered to be more sensitive than

the guinea pig maximization test previously studied by

Bruze and colleagues5) involved sensitization via the

intradermal injection of 15 mg of MDBGN into 10 guinea

pigs and 30 mg of Euxyl K 400 into 20 guinea pigs. The

animals were injected on days 1, 5, and 9. Challenge with

open epicutaneous Euxyl K 400 (1% and 3%) and

MDBGN (0.3% and 0.1%) took place on day 20; 33 to

70% of animals were sensitized with these methods6 (see

Table 3).

A 1999 study by Wahlkvist and colleagues demon-

strated the allergenic potential of Euxyl K 400 and

MDBGN in two of three different animal models. The

first model, the cumulative contact enhancement test

(CCET), involved a dose-response protocol in guinea pigs

with four consecutive topical applications of 30%, 20%,

10%, 3%, or 1% MDBGN in a mixture of acetone and

arachis oil followed by challenge with 0.003%, 0.01%,

0.03%, 0.1%, 0.3%, 1%, and 3% MDBGN in olive oil. The

second model, a local lymph node assay (LLNA) in mice,

consisted of using 1.25%, 5%, or 20% topical MDBGN

daily for 3 days followed by intravenous injection of [3H]-

thymidine. The auricular lymph nodes were then collected

and weighed, and the incorporation of [3H]-thymidine

was calculated; a stimulation index value greater than three

times that of the vehicle control indicated sensitization.

The third model, the guinea pig maximization test (GMT),

consisted of an intradermal injection of 0.1% MDBGN

followed 1 week later by 10% topical MDBGN for

induction. The animals were challenged 2 weeks later with

1%, 0.3%, and 0.1% MDBGN topically. Both the CCET

and the LLNA showed a definite sensitization potential for

Euxyl K 400 and MDBGN, whereas the GMT failed to do

so. The authors felt that the conflicting results of the

studies were a reflection of the need for various predictive

test models rather than a single model. The authors also

felt that multiple topical applications of the allergen may

be an important and necessary step for sensitization.7

Regulatory History

Euxyl K 400 was first introduced in consumer products in

1985 in Europe and 5 years later in the United States.

Initial and current allowable concentrations are listed in

Table 4.

Europe

Euxyl K 400 was originally introduced to the European

market in 1985 as a preservative in cosmetics. It was

intended as a substitute for methylchloroisothiazolinone/

methylisothiazolinone (also known as Kathon CG [Rohm

and Haas, Philadelphia, PA]), which had been responsible

for an ‘‘epidemic’’ of contact allergy to cosmetics in

Europe.8 Euxyl K 400 was originally permitted in both

rinse-off products (eg, soaps, shampoos) and leave-on

products (eg, creams, lotions)1 in concentrations up to

0.5% (corresponding to an MDBGN concentration of

0.1%).9 It was later permitted in sunscreens in concentra-

tions up to 0.125% (0.025% MDBGN).10

Soon after its introduction, however, several reports of

contact allergy to Euxyl K 400 began to surface. In 1989, two

cases were reported from Germany; in both, the causative

agent was MDBGN, in an antiwrinkle lotion in one case and

in a massage lotion in the other.11 Other case reports of

allergy to MDBGN in the form of Euxyl K 400 followed;

sources included a barrier cream gel,12 cucumber eye gel,13 a

night cleansing cream,14 moist toilet tissue, and cosmetics.15

Figure 1. Chemical structure of methyldibromoglutaronitrile.

Figure 2. Chemical structure of phenoxyethanol.

Table 1. Methyldibromoglutaronitrile Synonyms

2-Bromo-2-(bromomethyl) glutaronitrile

2-Bromo-2-(bromomethyl) pentanedinitrile

1,2-Dibromo-2,4-dicyanobutane

Glutaronitrile, 2-bromo-2-(bromomethyl)

Adapted from Personal Care Products Council.67
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Data from large European patch-test centers reported

an increase in the prevalence of positive patch-test

reactions to Euxyl K 400—from 0.7% in 1991 to 3.5%

in 2000.16 This increase in sensitivity corresponded to the

expanded use of the preservative in both rinse-off and

leave-on products in Europe. These findings prompted

the Scientific Committee on Consumer Products (SCCP)

in 2002 to recommend that the use of MDBGN be

restricted to rinse-off products and be prohibited in leave-

on products until a safe concentration could be

determined.17 In 2003, the European Commission

completely banned the use of Euxyl K 400 in cosmetics

and industrial products but continued to allow its use in

rinse-off products in a maximum concentration of

0.1%.18 This was partly based on a 2000 study by Tosti

and colleagues, which showed that shampoos containing

up to 0.02% MDBGN could be safely used by sensitized

patients.19 However, reports of contact allergy to Euxyl K

400 in rinse-off products such as soaps and shampoos

continued to surface.9,20–22 Pedersen and colleagues

hypothesized that detergents used in soaps, shampoos,

and cleansing agents lower the elicitation threshold for

allergy to MDBGN; therefore, a lower concentration of

MDBGN could elicit contact allergy in a sensitized

individual when MDBGN is combined with a detergent

rather than used alone.23

Between 2004 and 2006, Jensen and colleagues

published a series of studies demonstrating the sensitizing

capacity of MDBGN in rinse-off products. The first study

showed that rinse-off products containing 0.1% MDBGN

(the maximum concentration allowed in Europe at the

time) caused contact allergy in 7 (37%) of 19 allergic

individuals.24 The second study revealed that in regard to

MDBGN’s capacity to produce an allergic response,

exposure to 0.01% MDBGN four times a day was

equivalent to a single daily application of 0.04%

MDBGN. This showed the potential for products with

even very low concentrations of MDBGN (such as hand

soaps) to cause contact allergy when used several times per

day.25 Finally, Jensen and colleagues demonstrated that

patients sensitized to MDBGN have an augmented allergic

response upon reexposure to the preservative in rinse-off

products, highlighting the importance of allergen avoid-

ance for these patients.26

In 2005, Schnuch and colleagues concluded that there

was no concentration of MDBGN that did not elicit

contact dermatitis in sensitized individuals while still

providing adequate antimicrobial activity.27 These findings

resulted in the 2005 recommendation by the SCCP to

completely ban MDBGN in rinse-off products,28 which

was enacted by the European Economic Community in

July 2008.

Following regulatory intervention, a significant

decrease in the prevalence of contact allergy to MDBGN

was noted in the United Kingdom29 and in Denmark.30

United States

The use of MDBGN in the United States began in

industrial products in the early 1980s, in the form of

Table 2. Trade Preservatives Containing Methyldibromoglutaronitrile

Name Other Ingredients Manufacturer

AEC methyldibromoglutaronitrile (and)

dipropylene glycol

Dipropylene glycol A & E Connock (Perfumery &

Cosmetics) Ltd.

Chemynol K Phenoxyethanol Chemyunion Quimica Ltda.

Euxyl K 400 Phenoxyethanol Schülke & Mayr GmbH

Euxyl K 446 2-Bromo-2-nitropane 1-3-diol Schülke & Mayr GmbH

Dipropylene glycol

Euxyl K 727 Methylchloroisothiazolinone Schülke & Mayr GmbH

Methylisothiazolinone

Phenoxyethanol

Isocide FG Phenoxyethanol Biophil Chimica Fine SRL

Merguard 1105 Propylene glycol Nalco Company

Merguard 1190 Dipropylene glycol Nalco Company

Merguard 1200 Phenoxyethanol Nalco Company

Microcare MCP Methylchloroisothiazolinone Thor Specialties Inc.

Methylisothiazolinone

Phenoxyethanol

Adapted from Personal Care Products Council.67
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Tektamer 38. As early as 1983, the first case of contact

dermatitis from MDBGN was reported in a mechanic who

was exposed to a paste glue used to attach labels to baby

food jars.2 Euxyl K 400 was introduced into cosmetic

products in the United States in 1990, 5 years later than in

Europe. In 1996, the Cosmetic Ingredient Review Expert

Panel evaluated data on MDBGN and concluded (on the

basis of data from human repeat insult patch tests) that a

concentration limit of 0.0396% MDBGN would result in

sensitization of 1% of the test population, whereas a

0.025% concentration would be unlikely to cause sensiti-

zation. The panel’s final recommendations stated that a

concentration of up to 0.025% MDBGN was safe in leave-

on products and that a concentration of up to 0.06%

MDBGN was safe in rinse-off products.4

The prevalence of positive patch-test reactions to Euxyl

K 400 as documented by the North American Contact

Dermatitis Group (NACDG) ranged from 1.5% (1992 to

1994) to 2% (1994 to 1996)31 and peaked at 7.6% (1996 to

1998).32 To date, there have been no further regulations

regarding the use of Euxyl K 400 in personal care products

in the United States.

Epidemiology

Since the introduction of Euxyl K 400 into cosmetic

products in 1985, the prevalence of contact allergy to it

has risen steadily. Interpretation of epidemiologic data is

complicated by the fact that different patch-test preparations

and concentrations of Euxyl K 400 and MDBGN have been

used by different patch-test groups. These data (including

patch-test concentrations) are summarized in Table 5.

Prevalence of contact allergy to MDBGN in Europe

increased dramatically—from 0.7% in 1991 to 3.5% in

2000, exceeding that of all other preservatives.16 In

Denmark, MDBGN was the third most common patch-

test allergen in 2003 and had a frequency of 4.9%.33 This

percentage decreased to 2.6% in 2007 after restrictions on

the use of MDBGN were instituted.30 The Netherlands saw

an increase from 0.5% in 1991 to 4.0% in 1994.34 Prevalence

in the United Kingdom rose from 0.3% in 199335 to 2.4%

in 2000 before dropping to 1.2% in 2004 to 200529 after

the implementation of European Union regulations. In

Italy, an increase from 1.2% between 1988 to 19909 to 2.8%

between 1991 to 199410 was reported.

North America saw an increase in the prevalence of

positive patch-test reactions to Euxyl K 400 from 1.5%

between 1992 and 199431 to a high of 7.6% between 1996

and 1998; the most recent rate (between 2005 and 2006)

was 5.8%.32

Risk Factors

Little is known about risk factors for MDBGN allergy.

The overall prevalence of contact allergy to Euxyl K 400

appears to be similar in men and women. Among 2193

NACDG patients with contact allergy to a personal care

product, Euxyl K 400 was the fifth most commonly

identified culprit in women (8.3%) and the fourth most

common in men (11.8%).36 In the Netherlands, where

two-thirds of all moistened toilet tissue in 1995 was

preserved with Euxyl K 400,37 perianal dermatitis

accounted for 40 to 50% of cases of contact allergy to

Euxyl K 400 and occurred mainly in men.38 The NACDG

found sensitivity to Euxyl K 400 in 5.8% of patch-tested

patients with hand dermatitis, making Euxyl K 400 one

of the three most common preservatives associated

with allergic contact dermatitis (ACD) of the hands.39

Common concomitant allergies include allergies to

methylchloroisothiazolinone/methylisothiazolinone

(Kathon CG), fragrances, formaldehyde or formaldehyde-

releasers, oleamidopropyl dimethylamine, and wood

alcohols.38

Allergy to Euxyl K 400 from Occupational Sources

Occupation-related dermatitis often presents on the hands.

The NACDG found that 11.8% of hand dermatitis cases

associated with Euxyl K 400 were occupation related and

Table 4. Initial and Current Allowable Concentrations of Euxyl K 400 and Methyldibromoglutaronitrile in the United States and Europe

Initial Allowable Concentrations Current Allowable Concentrations

Leave-On Products Rinse-Off Products Leave-On Products Rinse-Off Products

Europe 0.5% Euxyl K 400 0.5% Euxyl K 400 Banned Banned

(0.1% MDBGN) (0.1% MDBGN)

United States 0.125% Euxyl K 400 0.3% Euxyl K 400 0.125% Euxyl K 400 0.3% Euxyl K 400

(0.025% MDBGN) (0.06% MDBGN) (0.025% MDBGN) (0.06% MDBGN)

MDBGN 5 methyldibromoglutaronitrile.
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Table 5. Reported Prevalence of Positive Patch-Test Reactions to Euxyl K 400 and Methyldibromoglutaronitrile

First Author, Location Year Published Allergens and Concentrations

No. of

Patients % Positive Reactions (n)

Europe

Motolese, Italy68 1991 Euxyl K 400 (2.0% pg) 1,033 2.0 (21)

Euxyl K 400 (0.15% pg) 1,033 1.7 (18)

Tosti, Italy9 1991 Euxyl K 400 (2.5% pet) 2,057 1.2 (24)

Euxyl K 400 (2.5% alc) 2,057 1.2 (24)

de Groot, the

Netherlands15

1991 MDBGN (0.05% pet) 1,142 0.5 (6)

Ross, UK13 1992 Euxyl K 400 (1.0% aq) . 1,800 0 (0)

Torres, Portugal14 1992 Euxyl K 400 (1.0% aq) 400 0 (0)

Corazza, Italy69 1993 Euxyl K 400 (0.2% aq/alc) 889 0.6 (5)

Van Ginkel, the

Netherlands70

1995 MDBGN (0.1% pet) 814 2.0 (16)

Tosti, Italy10 1995 Euxyl K 400 (2.5% pet) 3,455 2.9 (99)

Euxyl K 400 (0.5% aq) 3,022 1.8 (54)

Euxyl K 400 (1.5% aq and pg) 729 0.7 (5)

MDBGN (0.5% pet) 919 2.3 (21)

Jacobs, UK35 1995 MDBGN (0.1% pet) 5,167 0.3 (14)

de Groot, the

Netherlands34

1996 MDBGN (0.3% pet) 2,943 4.0 (119)

Okkerse, the

Netherlands71

1996 Euxyl K 400 (0.5% pet) 1,019 2.4 (24)

MDBGN (0.1% pet) 1,019 2.4 (24)

Schnuch, Germany72 1998 Euxyl K 400 (0.5% pet) 25,584 1.7 (444)

MDBGN (0.1% pet) 11,052 1.8 (196)

McFadden, UK73 2000 Euxyl K 400 (0.5% pet), 1989–1997 11,379{ 0–0.7

MDBGN (0.3% pet), 1997–1999 0.4–1.6

Guimaraens, Spain74 2000 Euxyl K 400 (0.5% pet) 528 0.1 (3)

Geier, Germany49 2000 Euxyl K 400 (0.5% pet) 4,615 2.3 (105)

Euxyl K 400 (1.0% pet) 4,615 3.5 (160)

MDBGN (0.3% pet) 4,343 5.0 (216)

MDBGN (0.1% pet) 988 1.4 (14)

Wilkinson, Europe16 2002 MDBGN (0.2% pet) 48,485 3.5 (NR)

Zachariae, Denmark22 2003 MDBGN (0.3% pet) 807 2.9 (23)

Geier, Germany

(metalworking fluid

series)75

2004 MDBGN (0.3% pet) 153 5.2 (8)

Euxyl K 400 (1.0% pet) 214 3.3 (7)

Zachariae, Denmark33 2005 MDBGN (0.3% pet) 766 5.0 (38)

Gruvberger, Europe46 2005 MDBGN (1.0% pet) 2,661 4.4 (NR)

MDBGN (0.5% pet) 2,661 3.0 (NR)

MDBGN (0.3% pet) 2,661 1.9 (NR)

MDBGN (0.1% pet) 2,661 1.1 (NR)

Johansen, Denmark76 2005 MDBGN (0.3% pet) 2,146 5.1 (110)

Boyvat, Turkey77 2005 Euxyl K 400 (1.5% pet) 308 1.0 (3)

Hasan, Finland78 2005 MDBGN (0.1% pet) 5,218 1.0 (NR), 1995–1996

1.5 (NR), 2000–2002

Jong, UK29 2007 MDBGN (0.3% pet) 6,958 1.2 (NR)

ESSCA Writing Group79 2008 Euxyl K 400 (1.0% pet) 1,658 4.6 (76)

MDBGN (0.3% pet) 4,733 1.6 (75)

Johansen, Denmark30 2008 MDBGN (0.3% pet) 3,849 2.6 (100)

Bordel-Gómez, Spain80 2009 MDBGN (0.3% pet) 1,092 1.6 (17)
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were linked to solvents, oils, lubricants, fuels, and

cosmetics.39 In 2004, Geier and colleagues found the rate

of allergy to MDBGN 0.3% in petrolatum (pet) to be 5.2% (8

of 153 patients) among metalworkers; allergy to Euxyl K 400

1% pet was found in 3.3% of patients (7 of 214).40 In 2005 to

2006, 13.6% of hairdressers with ACD in Germany were

sensitized to MDBGN 0.3% pet,41 likely owing to daily

exposure to shampoos and other hair care products

preserved with Euxyl K 400. Hospital workers may be

exposed to MDBGN in work soaps.20 Other reported cases of

sensitization from workplace exposures are summarized in

Table 6.

Allergy to Euxyl K 400 in Personal Care Products

Among 835 NACDG patients with contact allergy to a

moisturizer, Euxyl K 400 was the second most commonly

identified culprit.36 Table 7 summarizes case reports of

ACD from Euxyl K 400 or its components in personal care

products. The products most commonly reported included

hand and face lotions, cosmetics, hair products, and

ultrasonic gels.

Patch Testing

Several studies have shown that petrolatum is the best

vehicle for patch testing with Euxyl K 400.10,38,42 Euxyl K

400 has limited solubility in water, restricting the

maximum test concentration in an aqueous vehicle to

0.5%, an unacceptably low amount. Both ethanol and a

50% mixture of water and propylene glycol vehicles

resulted in frequent irritant reactions.10 Some experts

have advocated the use of an emulsifier (such as soy

lecithin) for homogenous dispersion37 although others

have argued its utility.42

While petrolatum is generally considered the best

vehicle, the optimal concentration for patch testing with

MDBGN and Euxyl K 400 is unclear; higher concentra-

tions often result in doubtful or irritant reactions, whereas

lower concentrations may result in false-negative results.

First Author, Location Year Published Allergens and Concentrations

No. of

Patients % Positive Reactions (n)

North America

Marks, NA81 1995 Euxyl K 400 (1.0% pet) 3,481 1.5 (NR), 1992–1994

Jackson, US82 1998 Euxyl K 400 (1.0% pet, 2.5% pet) 163 11.7 (19)

Marks, NA31 1998 Euxyl K 400 (1.0% pet) 3,074 2.0 (NR), 1994–1996

Phenoxyethanol (1.0% pet) 3,080 0 (NR), 1994–1996

Marks, NA83 2000 Euxyl K 400 (2.5% pet) 4,054 7.6 (NR), 1996–1998

Euxyl K 400 (1.0% pet) 4,053 2.7 (NR), 1996–1998

Marks, NA84 2003 MDBGN (0.4% pet) 5,797 3.5 (NR), 1998–2000

Euxyl K 400 (2.0% pet)* 5,778 6.0 (NR), 1998–2000

Pratt, NA85 2004 Euxyl K 400 (2.0% pet)* 4,897 5.8 (NR), 2001–2002

MDBGN (0.4% pet) 4,897 2.7 (NR), 2001–2002

Phenoxyethanol (1.0% pet) 4,887 0.2 (NR), 2001–2002

Warshaw, NA86 2008 Euxyl K 400 (2.0% pet)* 5,140 6.1 (NR), 2003–2004

Zug, NA32 2009 Euxyl K 400 (2.0% pet)* 4,437 5.8 (NR), 2005–2006

Other Locations

Zoller, Israel87 2006 Euxyl K 400 (conc NR) 2,285 0.9 (NR), 1995–1998

1.4 (NR), 1999–2001

1.7 (NR), 2002–2004

Williams, Australia88 2007 MDBGN (0.3% pet), Euxyl K 400 (1.5%

pet)

2,837 0.7 (20)

alc 5 in alcohol; aq 5 aqueous; conc 5 concentration; ESSCA 5 European Surveillance System of Contact Allergies; MDBGN 5

methyldibromoglutaronitrile; NA 5 North America; NR 5 not reported; pet 5 in petrolatum; pg 5 in propylene glycol; UK 5 United Kingdom;

US 5 United States.

*Published concentration of 2.5% is incorrect; correct concentration of 2.0% was verified by personal communication with the North American Contact

Dermatitis Group.
{Number of patients tested to specific allergens not reported separately; from 1989–1999 a total of 11,379 patients were tested.

Table 5. Contnued
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The NACDG currently tests with Euxyl K 400 2.0% pet.43

In Europe, MDBGN is tested alone at a concentration of

0.5% in the European standard tray.44

Proponents of 0.5% Concentration of MDBGN

Several studies have shown that MDBGN concentrations

of less than 0.5% may result in false-negative reactions.34

In 2005, Gruvberger and colleagues published a multi-

center study by the European Environmental Contact

Dermatitis Research Group (EECDRG) involving 2,661

patients and concluded that although MDBGN at 0.3%

resulted in fewer doubtful reactions than MDBGN at 0.5%

or 1.0%, between 35% and 55% of allergies that would

have been detected by the higher concentrations would

have been missed by the 0.3% concentration. This was

partly because many of the ‘‘doubtful’’ reactions (1 of 3

reactions to the 0.1% and 0.3% concentrations and 13% of

those to the 0.5% concentration) were considered to be

weak allergic reactions rather than irritant reactions.45 Two

other European studies with 51 and 32 patients, respec-

tively, and using repeated open application tests (ROATs)

with MDBGN, found that patch testing with 0.1% and

0.3% MDBGN missed clinically relevant allergies.46,47

Therefore, in 2005, the European Contact Dermatitis Soci-

ety and the EECDRG recommended a test concentration

Table 6. Case Reports of Occupation-Related Contact Allergy to Euxyl K 400 or Its Components

First Author,

Year Published Patient Data

MDBGN

Concentration

(Reaction)

PE

Concentration

(Reaction)

Euxyl K 400

Concentration

(Reaction)

Product Test Data

(Reaction)

Mathias,

19832

M, age 28 yr; mechanic

in baby-food processing

plant; hand and forearm

dermatitis

— — 0.1% pet (NR) Paste glue* pet, T (+++)

0.01% pet (NR)

0.001% pet (NR)

Aalto-Korte,

199689

M, age 43 yr; offset

printer; hand dermatitis

— — 0.5% pet (++) Hand cleanser 10% pet, T (?)

F, age 60 yr; hospital

cleaner; hand dermatitis

— — 0.5% pet (++) Liquid dishwashing detergent,

T (++)

Wong,

200121

M, age 34 yr; motor

mechanic; hand and

forearm dermatitis

— — 0.5% pet (+) Heavy-duty cleaner, NT

Barrier cream 25%, T (+)

M, age 62 yr; mechanical

engineer; hand and

forearm dermatitis

— — 0.5% pet (++) Barrier cream, T (++)

Heavy-duty hand cleanser 1% aq,

T (2)

M, age 61 yr; engineer;

hand and wrist

dermatitis

— — 0.5% pet (++) Heavy-duty hand cleanser, NT

After-work cream, T (++)

Diba,

200320

F, age 41 yr; nursing

auxiliary; hand

dermatitis

0.1% pet (+) — — Hand-washing soap, NT

0.5% pet (+)

M, age 38 yr; accident-

and-emergency staff

nurse; hand dermatitis

0.3% pet (+++) — — Acaricide, NT

Hand wash, NT

F, age 27 yr; nurse; hand

dermatitis

0.3% pet (+++) — — Hand wash, NT

Jong,

200658

Age 53 yr; maintenance

technician; hand

dermatitis

NR (++) — — Hand cream, T (++)

Marcano,

200790

M, age 54 yr; car glass

installer; hand

dermatitis

0.5% pet (NR) — 1.5% pet (NR) Hand degreasing toilet paper,

T (NR)

F 5 female; M 5 male; MDBGN 5 methyldibromoglutaronitrile; NR 5 not reported; NT 5 not tested; PE 5 phenoxyethanol; pet 5 in petrolatum; T 5

tested; ? 5 doubtful reaction.

*A formulation for attaching labels to baby-food jars.
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Table 7. Case Reports of Contact Allergy to Euxyl K 400 or its Components in Personal Care Products

First Author,

Year Published Patient Data

MDBGN

Concentration

(Reaction)

PE

Concentration

(Reaction)

Euxyl K 400

Concentration

(Reaction)

Product Test Data

(Reaction)

Senff, 198911 Sex NR, age 43 yr;

face and neck

dermatitis

0.004% (NR) — 0.02% (NR) Antiwrinkle lotion,

T (NR)

de Groot, 199115 M (3 patients), age

NR; perianal

dermatitis

— — — Moist toilet paper,

T (NR)

F, age NR; face and

hand dermatitis

0.05% pet (NR) — — Several cosmetics,

T (NR)

Pigatto, 199112 F, age 13 yr; face and

limb dermatitis

0.1% pet (+++) — — Body gel, T (+++)

Ross, 199213 F (2 patients), age

NR; severe eyelid

dermatitis

— — 1% pet(+, +++) Cucumber eye gel,

T (++)0.1% pet (?, ++)

0.001% pet(2, ?)

Torres, 199214 F, age 41 yr; face and

neck dermatitis

0.1% pet (+++) — 1% aq (+++) Night cleansing cream,

T (+)0.01% pet (+++)

O’Donnell, 199391 F, age 24 yr;

periorbital

dermatitis

0.1% pet (+++) 2% aq (—) 0.1% pet (++) Cucumber eye gel,

T (++)0.01% pet (++) 1% aq (—)

Gebhart, 199392 M, age 78 yr;

abdominal

dermatitis

— — 0.5% pet (++) Ultrasonic gel 10% aq,

T (+), 50% aq, T (+)

Fernandez, 199593 F; age 27 yr; face and

hand dermatitis

(NR) (—) — Cleansing milk,

makeup, body milk,

T (NR)

Silva, 199594 F, age NR; facial

dermatitis

— — (NR) Antiaging cream, T (+)

Silvestre, 199695 F, age 45 yr; facial

dermatitis

— 1.0% pet (—) 0.1% pet (+++) Sunscreen cream,

T (++)

Armstrong, 199996 F, age 18 yr; scalp

dermatitis

0.3% pet (++) — — Hair mousse, T (+)

Erdmann, 200197 M, age 62 yr;

abdominal

dermatitis

0.3% pet (NR) 1.0% pet (—) 1.0% pet (NR) Ultrasonic gel, T (NR)

Hillen, 200198 F, age 44 yr;

dermatitis of left

axilla, trunk, limbs

— — NR (+++) Deer fat cream, T (++)

Kelterer, 200299 F, age 48 yr;

forehead

dermatitis

— — 1.0% pet (+++) Protective cream,*

T (+++)

Young, 2004100 M, age 46 yr; 0.3% pet(+) — 1.5% pet (++) Hand wash, NT (NR)

postcoital

perianal, groin

dermatitis

Sanchez-Perez, 2005101 F, age 22 yr; face,

neck dermatitis

0.3% pet (++) — 1.5% pet (++) Makeup removal wipe,

T (++)0.1% pet (++)

Lujan-Rodriguez, 2006102 Sex NR, age 29 yr;

limb dermatitis

(+++) — NR (+++) Hand cream, NT (NR)
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of 0.5% in petrolatum for the European Standard patch

test series.48

Proponents of 0.2% Concentration of MDBGN

Schnuch and colleagues compared the results of patch tests

with varying concentrations of MDBGN in 40 patients and

found that 70% of ROAT-positive patients were patch test

positive to 0.2% MDBGN and that increasing the patch-

test concentration to greater than 0.2% did not result in

greater sensitivity. On the other hand, specificity decreased

dramatically because of more false-positive (irritant and

macular erythema) reactions, reaching a level of 12.5%

with a concentration of 0.5%. These authors concluded

that Euxyl K 400 1% (containing 0.2% MDBGN) was the

best patch-test concentration.27

Evaluating Patch-Test Preparations with Positivity
Ratio and with Reaction Index

The reaction index (RI) and positivity ratio (PR)

provide information on the efficiency of different

patch-test formulations. The PR is defined as the per-

centage of weak (+) reactions among all positive

reactions. The RI is another mathematical method of

evaluating patch-test quality; values range from +1 (ideal

patch-test preparation and no questionable or irritant

reactions) to 21 (patch-test preparation that causes only

irritant or questionable reactions and no true allergic

reactions).43

In 2000, Geier and colleagues found that MDBGN

0.3% results in a higher percentage of weak positive

reactions (5%) than MDBGN/PE 1.0% (containing 0.2%

MDBGN and resulting in a 3.5% rate of reactions). With

MDBGN 0.1%, as compared with MDBGN 0.3%, the

number of positive reactions increased from 1.4% to 3.3%

and the RI decreased from +0.33 to 20.10, corresponding

with an increased number of doubtful or irritant reactions

with the 0.3% concentration. Because it was felt that many

of these doubtful reactions were false-positive reactions,

the Dutch Contact Dermatitis Research Group opted to

keep Euxyl K 400 at a concentration of 1.0% pet in its

standard series.49

Warshaw and colleagues also studied the quality of

patch-test preparations of allergens in the NACDG

database by using the PR and RI and found that

MDBGN 0.4% and MDBGN/PE 2% and 2.5% had high

PRs, indicating a high percentage of false-positive reac-

tions. Additionally, MDBGN 0.4% had a low RI value,

indicating a high number of irritant or questionable

reactions. For this reason, the NACDG decreased the

concentration of MDBGN/PE from 2.5% to 2.0%.43

Possible MDBGN Paradox and Importance of ROATs
and Late Reactions

Patch testing with MDBGN may cause false-negative

results, a paradox similar to the lanolin50 and paraben51

paradoxes. In 2008, Fischer and colleagues found that the

elicitation threshold for ROATs in dose per area per

application of MDBGN was significantly lower than the

threshold for patch testing. This indicated that a patient

could have a negative patch-test result at a certain

concentration while the same patient reacted positively

to this same dose (per unit area per application) in a

ROAT.52 When in doubt, a ROAT can confirm the clinical

relevance of patch-test reactions. In an unpublished

meeting presentation, Javvaji and Belsito advocated patch

testing with 1%, 1.5%, and 2% Euxyl K 400 as well as with

0.2%, 0.3%, and 0.4% MDBGN along with additional

ROATs with 0.025% MDBGN for all patients with

doubtful positive reactions.53

First Author,

Year Published Patient Data

MDBGN

Concentration

(Reaction)

PE

Concentration

(Reaction)

Euxyl K 400

Concentration

(Reaction)

Product Test Data

(Reaction)

Sfia, 2007103 F, age 10 yr;

abdominal

dermatitis

NR (++) — — Cosmetic products, NT

(NR)

Williams, 200788 F, age 49 yr; vulvar

dermatitis

— — 1.5% pet (++) Sanitary pad, T (NR)

aq 5 aqueous; MDBGN 5 methyldibromoglutaronitrile; NR 5 not reported; NT 5 not tested; PE 5 phenoxyethanol; pet 5 in petrolatum; T 5 Tested;

? 5 doubtful reaction.

*Used prior to a permanent-wave solution.

Table 7. Continued
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Late reactions have also been reported. Bruze and

colleagues reported a patient with clinically relevant allergy

to MDBGN (1.0% concentration). Lower concentrations

of MDBGN (0.5% and 0.3%) were negative on day 3; the

0.5% preparation became positive on day 7.54

Potential Interaction of MDBGN and Phenoxyethanol

Experts have debated whether MDBGN should be tested

alone or in combination with phenoxyethanol as Euxyl K

400. Tosti and colleagues found that of 99 patients who

had a positive reaction to Euxyl K 400 2.5%, only 51 had a

positive reaction to MDBGN 0.5% alone, and 2 had a

positive reaction to phenoxyethanol (PE) 5%; the authors

stated that a number of irritant and doubtful reactions

resulted but specific numbers were not reported.10 Because

of the possibility of cumulative irritancy, de Groot and

colleagues proposed using MDBGN alone as an indicator

for allergy to Euxyl K 400.38 In 2005, Schnuch and

colleagues reported a better RI value for Euxyl K 400 1%

than for MDBGN alone at 0.3%. They recommended

Euxyl K 400 at 1% or MDBGN alone at 0.2% for patch

testing, maintaining that the matter of testing with the

mixture or with MDBGN alone was still open for

discussion.27

Management of Allergy to MDBGN

Allergen avoidance is crucial to the management of ACD

from MDBGN in sensitized individuals. As with other

preservatives, avoidance of MDBGN-containing products

may present challenges to both the patient and the

clinician. Although manufacturers are required to list the

ingredients on their product labels, an ingredient that does

not appear on the label may occasionally be present in a

product, and MDBGN is no exception.55 This creates

difficulties in both correctly diagnosing and managing

contact dermatitis. Because of the length of the chemical

name, patients with allergy to MDBGN have an especially

difficult time with allergen identification and avoidance.56

In addition, manufacturers sometimes change the ingre-

dients in products that patients have used for many

years.57 Finally, despite the fact that MDBGN has been

banned in Europe, old products still contain the ingredient

and may still be present in slow-moving markets or in

patients’ homes, causing continued issues with contact

allergy.58 Computerized allergen avoidance databases3

have dramatically simplified the avoidance of antigens

such as MDBGN.59

Contact Allergy to PE

PE is a preservative with broad-spectrum antimicrobial

activity and is particularly effective against Pseudomonas

aeruginosa. PE has been in use since the 1970s in pro-

ducts such as cosmetics and vaccines and has only rarely

been cited as a source of ACD.60 Case reports of contact

allergy to PE have included sources such as an aqueous

cream,60 a diphtheria, tetanus toxoids, and pertussis

(DTP) vaccine,61 and medical gauzes.62 PE-induced

contact urticaria has also been reported.63–66

Summary

Despite the initial hope that methyldibromoglutaronitrile/

phenoxyethanol (Euxyl K 400) would be a nonsensitizing

and effective preservative, it has unfortunately been

responsible for causing significant sensitization in humans.

Prevalence of allergy has decreased likely due to regulatory

interventions, including lower allowable concentrations in

the United States and banned use in Europe. More studies

are needed to determine the optimal concentration and

composition of patch-test formulations.
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