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Poison Ivy, Oak, and Sumac Dermatitis: What Is
Known and What Is New?
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Poison ivy, poison oak, and poison sumac are themost commoncausesof clinically diagnosedallergic contact dermatitis inNorth
America. Approximately 50% to 75% of the US adult population is clinically sensitive to poison ivy, oak, and sumac. We reviewed
the botany and history of these plants; urushiol chemistry and pathophysiology, clinical features, and the prevalence of allergic
contact dermatitis caused by these plants; and current postexposure treatment and preventivemethods, including ongoing inves-
tigations in the development of a vaccine (immunotherapy). Although extensive efforts have beenmade to develop therapies
that prevent and treat contact dermatitis to these plants, there lacks an entirely effective method, besides complete avoid-
ance. There is a need for a better therapy to definitively prevent allergic contact dermatitis to these plants.
BOTANY

Poison ivy, poison oak, and poison sumac are members of the
Anacardiaceae family of plants and in the genus Toxicodendron.
The 2 species of poison ivy areToxicodendron rydbergii, a nonclimbing,
dwarf shrub found in northern and western United States, and
Toxicodendron radicans, a climbing vine found in the eastern
United States. The 2 species of poison oak are Toxicodendron
toxicarium and Toxicodendron diversilobum. Poison ivy has 3 leaf-
lets, and poison oak can have 3 to 5 leaflets (Fig. 1). Poison sumac,
or Toxicodendron vernix, is a small shrub that grows in moist,
swampy areas. It can be identified by its stem, which bears 7 to 13
smooth-edged, pointed leaves (Fig. 1).1 Clusters of green fruit that
grow in the angle between the twig and leaf are specific to all
Toxicodendron species.2
History

The first written account of poison ivy was in 1624 by explorer John
Smith, governor of Bermuda, who compared it with “English ivy,
but being but touched, causeth rednesse, itchynge, and lastly blis-
ters.”3 Over the centuries, botanists, physicians, and chemists curi-
ously searched for possible positive applications of poison ivy.3
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For instance, an 18th-century French physician and professor,
Andre-Ignace-Joseph Dufresnoy, intrigued by how a sore on the
wrist of a student completely vanished after exposure to poison
ivy, created infusions and distillations derived from poison ivy.3

He claimed that these led to improvement in a variety of medical
maladies, including skin conditions and leg paralysis. In addition,
the Toxicodendron family has known applications outside of medi-
cine, such as the lacquer of Toxicodendron vernicifluum (Japanese
lacquer tree) being used to coat wooden and metal objects.
Prevalence

Toxicodendron dermatitis affects up to 10 to 50 million Americans
per year.4 Approximately 50% to 75% of the US adult population
is clinically sensitive to poison ivy, oak, and sumac.2 It affects all eth-
nicities, skin types, and ages, and most geographical regions in the
United States are at risk.5 Toxicodendron dermatitis is a major con-
tributor to the 9 million office visits and 1.6 million hospital outpa-
tient visits for contact dermatitis in the United States annually.6,7

According to the US Centers for Disease Control and Prevention,
emergency department visits for poison ivy or skin rash rose from
472,000 in 2002 to 929,290 in 2012.8 Occupations with outdoor ex-
posure, including construction workers, forestry workers, farm
workers, landscapers, forest firefighters, and telephone line workers,
are particularly affected, and Toxicodendron dermatitis is covered by
workman's compensation in California.9 In 2011, the cost of treat-
ment accounted for up to 1% of California's yearly workers' com-
pensation budget, with the total budget in 2014 of approximately
US $11.4 billion.9 In a review of a 2016 data set consisting of com-
mercially insured persons throughout the United States, most pa-
tients diagnosed with Toxicodendron dermatitis were evaluated
and treated in the outpatient setting by family practice physicians,
whereas dermatologists were the fourth most common providers
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Figure 1. Botany of poison ivy, poison oak, and poison sumac.
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involved in the diagnosis and treatment of this condition.10 When
diagnosed, almost half of patients did not receive any treatment.10

The most common treatment received was oral steroids, which
was approximately two-thirds the cost of high-potency topical cor-
ticosteroids.10 Cost of diagnosis in the emergency department is
on average 5 times that in the outpatient setting.10 Interestingly,
the increase in atmospheric carbon dioxide not only is potentially
responsible for increased photosynthesis, water use efficiency, and
growth and population biomass of poison ivy, but also produces a
more allergenic form of urushiol.11 Therefore, climate change and
specifically the increase in atmospheric carbon dioxide concen-
trations can be expected to magnify the prevalence of urushiol
dermatitis.

Urushiol Chemistry

The allergens responsible for Toxicodendron dermatitis are contained
within the resinous sap material, termed urushiol, which is derived
from the Japanese word for “sap.” Urushiol is found in the stems,
roots, leaves, and skins of the fruits of these plants, which must be
bruised to release allergens. Urushiol is composed of a mixture of
catechols with a straight alk(en)yl side chain at the C3 position
(Fig. 2).12 Both the catecholic ring and aliphatic chain play im-
portant roles in the allergenicity of urushiol.13 The degree of sat-
uration and length of side chains vary with different catechols.12

For instance, poison ivy urushiol contains predominantly 3-n-
pentadecylcatechols (PDCs, C15 side chain), whereas poison
oak contains 3-n-heptadecylcatechols (HDCs, C17 side chain)
(Fig. 2).12 Because the urushiols in poison ivy, oak, and sumac
differ only slightly in structure, a person sensitized to one will re-
act to all plants, because of the phenomenon of cross-reactivity.
Other plants that contain urushiol cross-reacting chemicals in-
clude the following: (a) Anacardium occidentale, the tropical
cashew nut tree; (b) Mangifera indica, the tropical mango tree;
(c) Ginkgo biloba, the ginkgo tree; (d) Semecarpus anacardium,
Copyright © 2019 American Contact Dermatitis Society. 
the Indian marking nut tree; and (e) T. vernicifluum, the Japanese
lacquer tree.12

Urushiol Pathophysiology

The typical allergic contact dermatitis to poison ivy, oak, and sumac
is a type IV hypersensitivity reaction to urushiol. Allergic contact
dermatitis is initiated by contact with urushiol catechols, which av-
idly bind to and penetrate the skin, where they are oxidized to qui-
none intermediates and bind surface proteins on antigen-presenting
cells, such as Langerhans cells (LCs) in the epidermis and dermis.2

Langerhans cells are the only cells known to express langerin
(CD207), a C-type lectin that is sufficient to induce formation of
Birbeck granules.14 CD1a, a class I major histocompatibility com-
plex molecule, found in Birbeck granules,15 in addition to langerin,
is necessary for LCs to efficiently present nonpeptide antigens, such
as urushiol, to T cells.16 It has been shown that poison ivy–induced
skin inflammation is dominated by CD1a, a lipid-presenting mole-
cule expressed on LCs in humans but not in mice. In CD1a-
transgenic mice, urushiol triggers CD1a-dependent skin inflamma-
tion, driven by CD4+ T cells that produce interleukins 17 and 22,
which are similar to cytokines in human subjects with poison ivy
dermatitis.17 Langerhans cells internalize and process the urushiol
self-hapten neoantigen, which is then presented to sensitized
CD4+ T cells.1 These lymphocytes expand and form circulating ac-
tivated T-effector and ultimately T-memory lymphocytes.18 The
linkage of the hapten and carrier protein by an amino nucleophile
seems to lead to selective induction of T-effector cells, leading to al-
lergic contact dermatitis, whereas the linkage of the hapten and car-
rier protein by a sulfhydryl bond seems to lead to selective induction
of suppressor cells, leading to a reduced allergic contact dermatitis.19

After subsequent contact, these T-effector cells elicit a cell-mediated
cytotoxic immune response that destroys epidermal cells and acti-
vates dermal vasculature.2 The incidence and intensity of poison
ivy sensitivity seem to decline proportionately with age in the
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Figure 2. Chemical structures of urushiol in poison ivy, oak, and sumac.
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absence of continued exposure.20 In contrast to classical immune re-
sponses in which booster doses generally produce a rapid, elevated,
and sustained rise in circulating antibodies, allergic contact
Copyright © 2019 American Contact Dermatitis Society. 
dermatitis does not characteristically have booster effects for anti-
body response.21 Furthermore, there is no evidence that one can
spontaneously acquire immunity.20
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Figure 4. Histopathology of Toxicodendron dermatitis (hematoxylin-eosin
stain, original magnification �20).
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Clinical Features

Classically, allergic contact dermatitis from poison ivy, oak, and su-
mac is an acute pruritic eczematous eruption characterized by
streaks of erythematous papules and vesicles where the plant has
brushed the skin (Fig. 3).1 The areas of involvement frequently have
sharp margins, geographic outlines, and linear configurations.1 In-
terestingly, the fluid content of vesicles and bullae present in poison
ivy, oak, and sumac dermatitis is not antigenic.5 A sensitized person
typically develops the eruption within 24 to 48 hours after contact
with the plant but onset can range from 4 hours to 4 days, with peak
reaction severity occurring 1 to 14 days later.21 If left untreated, the
eruption can last up to 3 weeks, with significant impact on patient
quality of life. Furthermore, urushiol can be aerosolized in smoke
and cause respiratory tract inflammation and generalized dermatitis
in wildland firefighters.2 Long-term complications are uncommon
in most and are generally limited to transient postinflammatory
hyperpigmentation or secondary infection, typically polymicrobial,
with Staphylococcus aureus, group A β-hemolytic streptococcus,
Prevotella, Porphyromonas, and Fusobacterium being the most
common isolates.22 An uncommon but classic clinical presentation
of urushiol allergic contact dermatitis is “black dot dermatitis,”
where concentrated urushiol dries on the skin, producing black dots
surrounded by acute dermatitis. This can sometimes be confused
with vasculitis. Histologic changes found in a skin biopsy for
Toxicodendron dermatitis are the same as those for other eczema-
tous dermatoses, specifically epidermal spongiosis and a superficial
perivascular lymphocytic infiltrate in the dermis with some exocyto-
sis noted (Fig. 4).1 Eosinophils and epidermal collections of LCs are
often seen but not present in all cases. For “black dot dermatitis,”
Figure 3. Allergic contact dermatitis. Clinical representation.
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typically there is an amorphous yellow material on the stratum
corneum and necrosis of the epidermis and superficial dermis
(Figs. 4, 5).23

Treatment

Treatment and prevention therapies have not significantly changed
for many years. Postexposure treatment primarily aims to provide
symptomatic relief of pruritus. Topical symptomatic therapies in-
clude calamine lotion, which may contain menthol and phenol, and
astringents, such as aluminum acetate or aluminum sulfate that
may be useful to dry weeping lesions.24,25 Although antihistamines
may improve symptoms by sedation, they do not significantly im-
prove pruritus because pruritus in poison ivy dermatitis is not pri-
mary histamine mediated.26,27 High-potency topical corticosteroids,
such as clobetasol, aremost helpful early in allergic contact dermatitis.
Figure 5. Histopathology of “black dot dermatitis” (hematoxylin-eosin
stain, original magnification�20).

Unauthorized reproduction of this article is prohibited.



Kim et al • Poison Ivy, Oak, and Sumac Dermatitis 187
However, a limitation of clobetasol and other high-potency topical
corticosteroids is the high cost compared with midpotency topi-
cal corticosteroids, such as triamcinolone. A randomized
placebo-controlled study demonstrated that 1% pimecrolimus
cream, which inhibits calcineurin and therefore T-cell activation
in the skin, is ineffective at treating poison ivy allergic contact
dermatitis.28 The use of systemic corticosteroids is usually re-
served for severe cases, variably described as either involving
more than 20% of body surface area, presence of severe blistering
or itching, or involvement of the face, hands, or genital area.29,30 Al-
though there is a lack of well-designed studies that examine the
proper dose and course of systemic corticosteroids for poison ivy
dermatitis, there is extensive clinical experience that suggests too
short a course of systemic corticosteroids results in rebound der-
matitis.31 Oral prednisone, started at 1 mg/kg per day, with a
maximum initial dose of 60 mg/d and a taper for 2 or 3 weeks,
can be beneficial for patients with severe Toxicodendron derma-
titis. For both oral and topical steroids, one must consider patient
compliance. An alternative to prednisone is intramuscular injec-
tion of triamcinolone acetonide (40–80 mg). Benefits to intra-
muscular triamcinolone over topical corticosteroids include
high compliance and duration of effect, which is approximately
3 weeks, the typical course of allergic contact dermatitis. However,
the risk with intramuscular triamcinolone includes not only local
adverse effects, such as skin atrophy, but also systemic adverse ef-
fects, such as infection, hyperglycemia, hypertension, adrenal
suppression, and psychiatric disturbances, which are uncommon
in the authors' experiences.
Prevention

Urushiol oil can be removed if washed off immediately before it is
absorbed. It is known that 50% can be removed at 10 minutes,
25% at 15 minutes, and 10% at 30 minutes.2 After 30 minutes, suf-
ficient penetration of urushiol has occurred.2 Avoidance is the best
prevention method but may not be practical.

Medical approaches to prevent dermatitis aim at either inactivating
the antigen before its absorption into the skin or by immunologic
manipulation resulting in hyposensitization or tolerance, resulting
in diminished clinical symptoms (Table 1). A study that compared
Tecnu, a chemical inactivator intended to prevent poison ivy; Goop,
an oil-removing compound; and Dial Ultra dishwashing soap found
that all 3 products significantly reduced dermatitis without signifi-
cant difference in efficacy of the 3 preparations.32 One small study
showed that Zanfel, a soap mixture, improved erythema, indura-
tion, and vesiculation.33 A recent study showed that the method of
washing rather than the type of wash is what matters.45 They advise
that forceful unidirectional washing with a damp washcloth and liq-
uid dishwashing soap within 1 to 2 hours will successfully prevent
Toxicodendron dermatitis.45 The plant jewelweed (Impatiens biflora)
was first used by Native Americans because it allegedly treated poison
ivy dermatitis; however, there is conflicting evidence on its efficacy
in current literature.34,35
Copyright © 2019 American Contact Dermatitis Society. 
The utilization of barrier creams, which are topical preparations
applied before exposure to a contact allergen, to prevent contact der-
matitis is controversial. The ideal barrier should be safe, substantial,
cheap, and readily available and should actively bind or retard uru-
shiol penetration into the skin.46 Topical quarternium-18 bentonite,
a US Food and Drug Administration–approved organoclay com-
pound marketed as Ivy Block, could prevent or reduce poison ivy
and oak dermatitis by presumably interfering with absorption of
the allergen.36 Those pretreated with quarternium-18 bentonite lo-
tion had absent or significantly reduced reactions to the urushiol
compared with untreated control sites.36 However, it leaves a residue
on the skin, and it must be reapplied every 4 hours. Other topical
barrier preparations include linoleic acid,47 which must be rinsed
off within 8 to 12 hours and reapplied after 4 to 8 hours, and occlusive
barrier ointments such as Hollister Moisture Barrier and Hydropel.48

A randomized, double-blind study of 7 different commercially avail-
able barrier creams found 3 products, Stokogard, Hollister Moisture
Barrier, and Hydropel, offered statistically significant reduction
in dermatitis severity.48 From all of these products, Tecnu, Zanfel,
jewelweed soap, Ivy Block, and Dial Ultra dishwashing soap are
commercially available.

In 1829, Dakin reported that the ingestion of Rhus leaves, a com-
mon practice among Native Americans, reduced the incidence
and severity of skin lesions on subsequent contact with poison ivy.49

Ingestion or parenteral administration of extracts of poison ivy or
poison oak leaves was proposed more than 100 years ago as a protec-
tive method from these plants.38,50 Epstein et al51 showed that large
amounts of urushiol ingestion taken for a period of 3 or more
months are effective for hyposensitization, but not for desensitiza-
tion. Over-the-counter homeopathic poison ivy, manufactured by
preparing an alcohol extract from poison ivy leaves, is widely used
in alternative medicine to prevent allergic contact dermatitis from
poison ivy.39 First studying this in 1958, Gross40 found that 76.9%
of subjects either were free of ivy dermatitis or experienced milder
attacks. Later, Stein and Parsons41 demonstrated that 48% of
patients had less severe or fewer episodes of poison ivy derma-
titis. A recent study with a small sample size showed that most
patients treated with homeopathic poison ivy experienced par-
tial or complete protection from poison ivy dermatitis.39 Hypo-
sensitization has been demonstrated after exposure to cashew
nut shell oil, which contains an antigen that is structurally
similar to urushiol of poison ivy.52 However, Marks et al42

showed that oral ingestion of 1:1 mixture of Rhus antigens
PDC and HDC diacetate did not induce a statistically significant
hyposensitivity to urushiol in humans, although it appeared to
be effective in animal models. The lack of activity of administered
urushiol in the free form may be secondary to the high reactivity of
catechol moiety of the urushiols with plasma proteins, which causes
them to become “deactivated.”53 Because large amounts of the anti-
gen delivered orally are required to induce hyposensitization,1,46 there
is an increased risk of mucocutaneous adverse effects. Systemic oral
ingestion or injection of prepared extracts can also have adverse ef-
fects such as pruritus ani, generalized pruritus, and urticaria.2
Unauthorized reproduction of this article is prohibited.



TABLE 1. Preventive Therapies

Mechanism of Action Efficacy Limitations
Commercially

Available

Tecnu poison ivy wash Chemical inactivator
of urushiol antigen

Significantly reduces dermatitis;
no significant difference among
3 products (Stibich et al32)

Must be used within 2 h
of exposure

More expensive compared
with Dial and Goop

Yes

Goop Oil-removing compound Must be used within 2 h
of exposure

No

Dial Ultra dishwashing soap Topical surfactant Must be used within 2 h
of exposure

Yes

Zanfel Soap mixture of fatty acid,
ethoxylate, and lauroyl
sarcosinate (surfactant)

Significantly reduces dermatitis
(Davila et al33)

Expensive, must be used
soon after exposure

Yes

Jewelweed (I. biflora) Plant with saponins Conflicting evidence on efficacy;
efficacy may be related to
presence of saponin (Long et al34;
Motz, 2012; Motz et al35)

Must be used soon after
exposure

Dish soap (Dawn) is more
effective (Motz, 201243)

Yes (soap with
jewelweed)

Ivy Block (5%
quarternium-18 bentonite)

Organoclay compound
that interferes with
absorption of allergen
by physical blocking

Significantly reduces dermatitis
(Marks et al36)

Must be preemptively
applied and reapplied
every 4 h, leaves clay
residue on skin

Yes

Salts of linoleic acid dimer Decrease absorption
of oils

Significantly prevents dermatitis
(Orchard, 198637)

Must be preemptively
applied and rinsed
off within 8–12 h

No

Hollister Moisture Barrier Water repellant Significantly reduces dermatitis
severity; no significant difference
among 3 products (Grevelink et al38)

Must be preemptively
applied

No, discontinued

Hydropel No
Stokogard No

Oral poison ivy/oak
leaves extract

Hyposensitization Conflicting evidence on efficacy
(Epstein, Signore39; Gross40;
Stein and Parsons41)

Adverse effects from
oral administration

Large amounts of ingestion
required (Epstein44)

Yes homeopathic
poison ivy

Oral Rhus antigens
(PDC, HDC)

Hyposensitization Does not significantly induce
hyposensitivity to urushiol
(Marks et al42)

Ineffective No

Vaccine Hyposensitization Ongoing investigation Ongoing investigation No
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Therefore, despite supportive testimonials, hyposensitization with
extracts of poison ivy, oak, or sumac remains controversial.
Figure 6. Structure of PDC-APB.
What Is New?

Despite the wide prevalence of poison ivy, oak, and sumac der-
matitis and the vast burden that it inflicts, there is still lack of
any definitive preventive therapy besides complete avoidance.
Recently, there was a study in guinea pigs of intramuscular ad-
ministration of water-soluble derivative of the saturated congener
on the poison oak urushiol, 3-n-HDC-4-(4-aminophenyl)-butyrate,
which resulted in almost complete desensitization to urushiol.42

One product currently in development to prevent contact dermatitis
Copyright © 2019 American Contact Dermatitis Society. 
caused by exposure to urushiol in poison ivy, oak, and sumac is a
vaccine (immunotherapy), PDC-APB (3-pentadecyl-1,2-phenylene
bis (4-(4-aminophenyl)butanoate)) (Fig. 6). In nonclinical studies,
Unauthorized reproduction of this article is prohibited.
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PDC-APB was shown to effectively induce both tolerance and de-
sensitization to urushiol.53 A double-blind, placebo-controlled
phase I study of 40 healthy adults with a history of exposure to poi-
son ivy was completed in the United States in 2017. PDC-APB was
generally well tolerated, and results supported further clinical inves-
tigation. A second clinical study is underway in healthy subjects
with proven sensitivity to urushiol to be tested at baseline for de-
grees of sensitivity, dosed, and retested for measures of sensitivity.
The study is designed to provide additional safety data and a signal
of biological activity. To appropriately evaluate the efficacy of the
vaccine, a patch test based on the hydrogel delivery system of the
Thin-layer Rapid Use Epicutaneous (T.R.U.E.) patch test was devel-
oped (SmartPractice, Phoenix, Ariz). All doses of urushiol included
in the patches for the study elicited a local reaction and severity of
the reactions correlated with the dosage of urushiol used.54

In summary, poison ivy, oak, and sumac cause allergic contact
dermatitis in millions of Americans annually. Treatment is mainly
symptomatic. Presently, definitive prevention of this affliction is
by avoidance. A new urushiol patch test was developed to evaluate
a new vaccine (immunotherapy), which is now in clinical trials.
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