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Toluene-2,5-Diamine Sulfate: The
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PRACTICE POINTS

. Toluene-2,5-diamine sulfate (PTDS) is a widely used
alternative to para-phenylenediamine (PPD) that is
itself a potent and likely underreported allergen.

. As high cross-reactivity has been reported, consider
testing for both PTDS and PPD and possible delayed
patch test reading.

. Allergic contact dermatitis to PTDS may manifest with
erythema, edema, and/or pruritus, similar to PPD.

. Prevention entails avoidance of PTDS/PPD if
sensitized, use of proper hand protection, and
recommendation of alternative products.

The American Contact Dermatitis Society named toluene-2,5-
diamine sulfate (PTDS) the 2025 Allergen of the Year. Toluene-
2,5-diamine sulfate is widely used as an alternative to para-
phenylenediamine (PPD) in hair dyes but is itself a potent and likely
underreported contact allergen. Cross-reactivity with PPD is com-
mon. Allergic contact dermatitis to PTDS manifests similarly to PPD
reactions and disproportionately affects hairdressers and individu-
als who frequently use hair dye. Clinical recommendations include
patch testing for PTDS and PPD (with consideration of delayed
readings), occupational prevention, and use of safer dye alternatives
where appropriate.

he American Contact Dermatitis Society selected
toluene-2,5-diamine sulfate (PTDS) as the 2025
Allergen of the Year.! Widely used as an alternative

to para-phenylenediamine (PPD) in oxidative and
permanent/semipermanent hair dyes, PTDS has emerged
as a potent contact allergen with substantial cross-
reactivity to PPD. In this article, we discuss PTDS as both a
PPD alternative and a contact allergen as well as the clini-
cal features of allergic contact dermatitis (ACD) to PTDS
and practical recommendations for management in
at-risk populations.

Background

Toluene-2,5-diamine sulfate is a compound formed
by combining 2,5-diaminotoluene (PTD) with sulfuric
acid, making it more water soluble and potentially less
irritating than PTD alone.? In this article, the terms PTDS
and PTD will be used interchangeably due to their struc-
tural similarity.

Toluene-2,5-diamine sulfate commonly is used in
oxidative and permanent/semipermanent hair dyes as
an alternative to PPD, the most common hair dye
contact allergen.® Toluene-2,5-diamine sulfate also is
a component used in color photography development
and in dyes used for textiles, furs, leathers, and biologic
stains.* The prevalence of PTDS contact allergy likely is
underreported due to its absence in routine patch test
series such as the Thin-Layer Rapid Use Epicutaneous
(T.R.U.E.) test (Smart Practice) and the American Contact
Dermatitis Society Core 90 Series.

Cross-Reactivity Between PTDS and PPD
There is substantial cross-reactivity between PTDS and
PPD, necessitating careful avoidance and alternative dye
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selection. The rate of cross-reactivity between these com-
pounds is high, with some estimated to be more than 80%
among patch tested individuals.’” In some cases, patients
with a contact allergy to PPD are able to tolerate dyes con-
taining PTDS. Studies conducted in Canada and Europe
showed that 31.3% to 76.3% of patients with a contact
allergy to PPD also had an allergy to PTDS or PTD.”#1
Stronger reactions to PPD also seem to be associated with
an increased risk for cross-reaction.”

Clinical Manifestation of ACD to PTDS

In the literature, case reports of ACD caused by PTDS
are rare. The clinical manifestations of PTDS-ACD will
closely mirror those described in PPD-ACD or PTD-ACD,
reflecting the cross-reactivity between these aromatic
amines. Generally, ACD to components in hair dyes
manifests as a pruritic, erythematous, edematous, eczem-
atous rash that can affect the margins of the scalp, ears,
face, and/or neck. Severe cases can extend beyond the
initial area of contact, potentially resulting in widespread
involvement and systemic symptoms.'? Notably, the scalp
often is spared, which may be attributable to protection
provided by sebum or the hair itself covering the scalp.”®

Two case reports described ACD of the eyebrows after
application of PTD-containing hair dye."*'> One patient
developed severe bullous ACD involving the eyebrows
and eyelashes with concurrent conjunctivitis," and the
other experienced erythema, edema, burning, itching,
and exudation at and around the eyebrows.” The latter
patient had prior exposure to PPD from a black henna
tattoo, which may have led to an initial sensitization and
subsequent cross-reactivity to PTD in the hair dye.

Another case report described a patient with ery-
thema, edema, and scaling of the face, neck, and arms
within 1 week of exposure to a new hair dye at a salon.®
Patch testing revealed a positive reaction to PPD on
day 3, despite it not being a component of the hair dye. On
day 7, the patient showed a delayed reaction to PTD,
which was confirmed to be present in the dye.' The
implications of these findings are twofold. First, delayed
patch test readings beyond day 5 could provide more
sensitive interpretation. Second, this case highlights the
cross-reactivity between these related compounds.

Hairdressers and users of hair care products are most
commonly affected by PTDS contact allergy. Though hair-
dressers generally are at a higher risk, prevalence for PTD
sensitization in a European patch tested population showed
rates of 20% in hairdressers and 30.8% in consumers."” The
North American Contact Dermatitis Group reported PTDS
sensitization in fewer than 2% of 4121 patients patch tested
across 13 North American centers over a period of 1 year."
This suggests potential underutilization of the more specific
panels that include PTDS.

Hairdressers are at an increased risk of contact allergy
to PTDS due to occupational exposure and are at higher
risk for hand dermatitis due to frequent exposure to
water. In a review of epidemiologic studies published

168 | CUTIS®

between 2000 and 2021, the pooled lifetime prevalence
of hand eczema in hairdressers was 38.2% compared to
an estimated lifetime prevalence of 14.5% in the general
population.” Higher risk for hand eczema can increase
the risk for sensitization to contact allergens including
PPD and PTDS due to impaired barrier function, allowing
allergen penetration through disrupted skin.?

Strategies for Management and Avoidance
Patients with suspected contact allergy to PTDS should
avoid this compound and related dye chemicals such as
PPD due to the high risk for ACD and frequent cross-
reactivity. While PTDS-allergic patients should avoid
products containing PPD, some patients allergic to PPD
may be able to tolerate exposure to PTD or PTDS.”81
Regardless, any suspected contact allergy should be sup-
ported by patch testing with PTDS and PPD to confirm
sensitization. Patch test readings for PTDS/PTD could be
delayed beyond day 5 if clinical suspicion is high and early
patch test reading is noncontributory; however, more
studies are needed to establish that later readings are
more reliable for PTDS.

Occupational risk reduction in hairdressers is essen-
tial. Hairdressers as well as at-home users of hair dyes
should be properly informed by their dermatologist or
other trained health care professional about PTDS and
PTD as potent allergens and should be provided with
information on potential alternatives. They also should be
counseled on proper skin protection, including single-use
gloves and careful hand care through gentle cleansing
and use of barrier creams to protect skin integrity and
prevent contact dermatitis. Nitrile rubber gloves offer the
best protection when handling hair dyes. Polyvinyl chlo-
ride or natural latex rubber gloves also may be sufficient;
however, polyethylene gloves should be avoided, as they
have been shown to have the fastest time to penetra-
tion.”! Gloves should be properly sized, and reuse should
be avoided.

Because PTDS and PTD frequently are used in semi-
permanent and permanent hair dyes, temporary hair
dyes (eg, henna-based dyes) may be safer alternatives,
as they infrequently contain these allergens. Food, Drug,
and Cosmetics (FD&C) and Drug and Cosmetics (D&C)
dyes also are used in some semipermanent hair dyes
and seem to have low cross-reactivity to PPD; there-
fore, these may be used in patients allergic to PTDS or
PTD.”? However, these dyes require frequent reapplica-
tion, which may be unfavorable to some patients. Gallic
acid-based hair dyes have been shown to be safe alter-
natives in patients with contact allergy to PTDS or PTD,
though pretesting is recommended with a repeat open
application test.” The PPD derivative 2-methoxymethyl-
para-phenylenediamine (ME-PPD) has reduced sensitiza-
tion potential. In simulated hair dye use conditions, cross-
reactivity to ME-PPD in patients with PPD contact allergy
was 30% compared with 84% for PPD.* However, in an
open-use test in 25 PPD-allergic individuals, ME-PPD was
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reactive in 84% (21/25) and ME-PPD 2% patch testing was
positive in 48% (12/25), suggesting that ME-PPD could
be a potential alternative but is not universally tolerated.”

It is important to note that products purporting to
be natural or botanical are not inherently safe and may
themselves be allergenic.”® Patients should attempt a
repeat open application test or patch testing prior to use
of an alternative dye.

Given the prevalence of PTDS allergy, the fact that
some PPD-allergic individuals may be able to tolerate
hair dyes containing PTDS (assuming it tests negative),
and the substantial quality of life and socioeconomic
impacts of hair dye allergy, PTDS should be considered
as an addition to standard patch test screening series.!

Final Thoughts

While initially popularized as an alternative to PPD in
semipermanent and permanent hair dyes, PTDS now is
emerging as a contact allergen with well-documented
cross-reactivity to PPD. Dermatologists should consider
patch testing for PTDS (and PPD) in individuals who
regularly encounter this compound. This will guide fur-
ther counseling and recommendations.
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