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ABSTRACT

Contact dermatitis is a broad term that encompasses both non-immunologic irritant
contact dermatitis (ICD) and immunologically mediated allergic contact dermatitis
(ACD). Both ICD and ACD can negatively affect a patient’s quality of life and are a
source of exorbitant medical and societal costs. Avoidance of inciting irritants
and/or allergens and liberal use of emollients or humectants are the cornerstone of
therapy. When an allergic cause is suspected, patch testing is highly encouraged. In
this contribution, we highlight both the commonalities and differences of acral
contact dermatitis as it relates to specific regions of the body. In addition, a review
of the predisposing conditions, risk factors, and treatment options in the literature
is presented to help with the care of these challenging patients.
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Introduction

Acral skin is that of the hands, feet, tip of the nose, and earlobes. There are unique
features that are associated with contact dermatitis involving these sites. Acral skin
protects us from the environment, while forming the basis of our interaction with it.
Acral skin may facilitate transferring allergens to other parts of our body, most
notably to the eyelids.

Acral contact dermatitis can broadly be divided into irritant contact dermatitis (ICD)
and allergic contact dermatitis (ACD). Other reactions include phototoxic and photo-
contact dermatitis and contact urticaria.l

Clinically, acral contact dermatitis initially presents with varying degrees of
erythema and vesiculation that gradually progress to scaling, lichenification, and/or
fissuring, as the dermatitis becomes chronic. Pruritus may be a prominent feature
and can help differentiate it from mimickers.

Both ICD and ACD are dependent on a multitude of factors including climate,
cultural practices, occupation, socio-economic status, geographic location,
legislation, or availability of certain products or medications.

Acral dermatitis can result in significant effects on a patient's quality of life.2 It may
lead to substantial personal expenditure, loss of productivity, sick leave ,and
medical treatments. In addition, it may necessitate alternative occupations or even
lead to unemployment. In a Danish study looking at sick leave and loss of job in
occupational hand dermatitis, one-fifth of the patients (19.9%) required prolonged
sick leave (> 5 weeks) and loss of employment over the previous year was reported
in 22.9 % patients. Food related occupational hand dermatitis was the most
frequent cause of prolonged sick leave and loss of employment.3 In a German study
of 151 patients with hand dermatitis, this condition was associated with an average
of 76.4 days (11 weeks) lost from work. This study also estimated “societal
costs,”,including direct medical costs and indirect costs, approaching $10,000 per
patient.# Interestingly, patients with hand dermatitis have been shown to develop
alterations in their fingerprints that can lead to difficulty in recognition at
fingerprint terminals, whether logging in at work> or at security checkpoints.®

Histopathologic examination reveals the presence of the spongiotic reaction pattern.
Both ICD and ACD may present with similar findings on pathology. The level of
intraepidermal spongiosis can vary from mild to severe with variable amounts of
dermal edema. Necrosis of individual keratinocytes may be present in ICD.
Vesiculation, mild exocytosis and presence of eosinophils can be seen in ACD
(Figure 1).

The reviewed literature was assessed for level of evidence and strength of
recommendations, using the strength of recommendation taxonomy (SORT). With
level 1 evidence, level 2 evidence and level 3 evidence, denoting high quality studies,



medium to lower quality studies and studies lacking sufficient quality, respectively.
Similarly, the strength of recommendation was denoted by Grade A if based on
consistent good quality evidence; Grade B if based on inconsistent or lower quality
evidence, Grade C if it did not meet the aforementioned criteria.”
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Figure 1: Contact dermatitis involving acral skin: compact hyperkeratosis,
intraepidermal spongiosis, vesiculation ,and presence of numerous eosinophils
(H&E 4x)
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Etiology, pathophysiology and risk factors
The stratum corneum (SC) forms the skin barrier, a two-way checkpoint that

prevents transepidermal water loss (TEWL), as well as the entry of irritants or
allergens. The individual corneocytes are packed in close approximation within the
SC and have a complex layer of intercellular lipids including ceramides, cholesterol
and free fatty acids. Corneocytes also contain “natural moisturizing factor” (NMF),
which is a complex layer of lipids that enables them to retain moisture in the skin.
The SC requires a slightly acidic environment to provide effective barrier function.
Agents that interfere with the delicate acidic layer can result in alteration of normal
lipid enzymatic metabolism, causing disruption of the skin barrier by alteration of
sebaceous and eccrine secretions, and overgrowth of bacteria.8

ICD results from an imbalance of the regenerative capacity of skin and the constant
barrage of irritants that break down this barrier. Wet work and detergents disrupt
the lipid layer and NMF, and alter the pH of skin.? The association of wet work or
increasing frequency of hand hygiene with hand contact dermatitis can be
appreciated as hand hygiene drives have been shown to increase the diagnosis of
ICD in healthcare workers.10



Increasing evidence points to an unequivocal link of the filaggrin gene, located on
chromosome 1q21, to atopic dermatitis (AD). In normal gene expression ,pro-
filaggrin molecules are converted to filaggrin monomers, which help with
organizing keratin filaments within the epidermis. Additionally, its metabolites form
NMF, which is essential in skin hydration. In one study from Denmark, 730 patients
were selected through a questionnaire and then subsequently genotyped for the
most common filaggrin loss of function mutations (R501X and 2282del4) via venous
blood draws and utilizing polymerase chain reactions. Filaggrin null mutations were
significantly associated with fissured hands and fingers but not with vesicular hand
dermatitis. Interestingly, even though patients with null mutations were more prone
to developing AD, hand dermatitis was independently associated with these
mutations.!! In other studies of patients with homozygous or heterozygous
mutations of filaggrin, the presence of AD has been associated with persistent hand
dermatitis and foot dermatitis. 12 Filaggrin null mutations have also been associated
with the development of nickel sensitization. It has been hypothesized that filaggrin
may help to chelate nickel ions. Ear piercings, therefore, may bypass this protective
mechanism and allow nickel direct access to Langerhans cells in the dermis, causing
sensitization in patients even without filaggrin mutations. This may explain why
earlobe piercings are a greater risk factor for nickel sensitization than filaggrin
mutations.13

History and clinical examination
A thorough and meticulous history is essential in teasing out the environmental,

occupational, or social exposures that may be contributing to the dermatitis. A
history of atopy should be sought.

Different scoring systems have been developed to assess the severity of hand
dermatitis. The hand eczema severity index (HECSI) incorporates location and
severity of the eruption and has shown good inter and intra-observer reliability.14
For occupational hand dermatitis, the Osnabriick Hand Eczema Severity Index
(OHSI) and Manuscore systems were developed with good inter-observer
reliability.1> In addition, a photographic guide has also been developed to assess
hand dermatitis severity with good inter-observer reliability.1¢ These scoring
systems are primarily used in epidemiologic and clinical studies and have limited
utility in daily practice. We did not encounter any similar scoring systems for other
acral sites in the literature.

Patch testing
Patch testing should be pursued for both adults and children with acute or chronic

acral dermatitis, where an allergen is suspected of causing a delayed
hypersensitivity reaction (Grade A recommendation). It is also recommended in
treatment resistant acral dermatitis.

Different patch test panels are available in the USA and Europe. In the USA, patch
testing is usually initiated with the standard 36 panel Thin-Layer Rapid Use



Epicutaneous Patch (T.R.U.E.) test (Table 1). The North American Contact Dermatitis
Group (NACDG) has an 80-panel core allergen group that consists of 8 series in
groups of ten. Series [-IV are similar to the composition of the T.R.U.E test, save for
some minor exceptions. The other series (V-VIII) can be added on depending on the
clinical presentation and patient exposures. For illustrative purposes, some
allergens that are missing on the T.R.U.E test include fragrance mix Il and
iodopropnyl butylcarbamate, which were the 10thand 14th most common allergens
respectively as reported in the NACDG patch test results from 2011-2012. That is
one reason why a permutation of the NACDG 80 panel core allergen series can be
pursued.l’

All guidelines recommend multiple readings. The European Society of Contact
Dermatitis guidelines recommend a minimum of 2 readings but preferably 3: on day
2, day 3 or 4, and near day 7.18 Day 3 or day 4 reading are deemed obligatory and
the day 7 reading is preferred ,as 7-30% of delayed reactions may be missed if the
later readings are not performed. Common causes of delayed reactions include
metals (gold, mercury, cobalt, palladium), topical antibiotics (gentamycin, neomycin,
bacitracin), fragrances, preservatives, colophony, dyes (disperse blue), acrylates,
methylchloroisothiazolinone / methylisothiazolinone (MCI/MI), p-phenyldiamine,
diazolidinyl urea and corticosteroids.1® Expanded panels (e.g. cosmetic series)?20,
can be utilized in patients with negative results and persistent symptoms or high
clinical suspicion.21

There are limited scenarios, where patch testing should be deferred: if there is an
active dermatitis at the site of application, if the patient is treated with significant
amounts of immunosuppressive medications, if the area has recently been treated
with topical corticosteroids, or if there has been ultraviolet light exposure to the
area. Current treatments with topical corticosteroids, anti-histamines or even low
levels of immunosuppression are not a contraindication to patch testing.

The utility of prick testing in patients with acral dermatitis is limited. It may be
considered in patients with Ig-E contact urticaria from latex or other protein
allergens.

T.R.U.E test panels
Nickel sulfate p-tert-Butylphenol Diazolidinyl urea
formaldehyde resin
Wool alcohols Epoxy resin Quinoline mix
Neomycin sulfate Carba mix Tixocortol-21-pivalate
Potassium dichromate | Black rubber mix Gold sodium thiosulfate
Caine mix Cl+Me- isothiazolinone | Imidazolidinyl urea
(MCI/MI)
Fragrance mix Quaternium-15 Budesonide
Colophony Methyldibromo Hydrocortizone-17-
glutaronitrile butyrate
Paraben mix p-Phenylenediamine Mercaptobenzothiazole
Negative control Formaldehyde Bacitracin




Balsam of Peru Mercapto mix Parthenolide

Ethylenediamine Thiomerosal Disperse blue 106
dihydrochloride
Cobalt dihidrochloride | Thiuram mix 2-Bromo-2-nitropropane-

1,3-diol (Bronopol)

Table 1: Adapted from
http://www.fda.gov/biologicsbloodvaccines/allergenics/ucm294326.htm date of
accession: 12/20/2015.

Common allergens and irritants to consider

According to the latest North American Contact Dermatitis Group Patch Testing
results (2011-2012), 19.2% percent of individual with contact dermatitis had
involvement of their hands and 3.9% had leg dermatitis. Overall 9.6% of patients
were found to have contact dermatitis that was linked to their occupation.22 Close to
two-thirds (63.8%) had shown polysensitization on patch testing. In this study the
sites of involvement did not describe the allergens. Nevertheless, it may be useful to
keep the most common culprits in mind when investigating a contact dermatitis for
an acral site. Overall, the 15 most common allergens identified were; metals e.g.
nickel (#1), Cobalt (#6); fragrances e.g. fragrance mix 1 (#2), fragrance mix 2 (#10),
balsam of Peru (#4) and cinnamal (#15); preservatives e.g. formaldehyde (#7)
quaterenium-15 (#8), methylchloroisothiazolinone (#11), iodoproponyl
butylcarbamate (#14), wool alcohols i.e. lanolin alchohol (#13), rubber chemicals
e.g. carba mix (#12) and paraphenyldiamine (#9). When compared to the commonly
utilized 36-panel T.R.U.E test, the sensitivity was estimated to be between 69.7%
and 75.1%.

ACD is also observed in pediatric patients and patch testing can be utilized to detect
potential allergens. According to a prospective Italian study (n=321; < 3years old)
some commonly implicated allergens in pediatric patients included nickel sulfate
(26.8%), potassium dichromate (9%), cocamidopropylbetaine (7.2%), cobalt
chloride (6.2%), neomycin sulfate (5%) and
methylchloroisothiazolinone/methylisothiazolinone (MCI/MI) (4.4%). The
prevalence for contact sensitivity was similar in patients with and without AD, 63%
and 61.3% respectively.23 Cocamidopropylbetaine is a detergent that is commonly
found in shampoos, shower gels, and liquid soaps.?4

Hand dermatitis

The point prevalence of hand dermatitis is reported to be 4%, with the 1-year
prevalence approaching 10%.25 A recent review of the literature from North
America and Western Europe identified nickel, fragrance mix ,and thiomersol as the
most common contact allergens affecting this site.26

As with most contact dermatitis, ICD is more prevalent than ACD on the hands.
Women were more prone to developing hand dermatitis, with highest rates
reported in the 2nd and 374 decades. AD was found to be the most important risk



factor for developing hand dermatitis, with one third of patients having a history of
atopy. In some patients with atopy, hand dermatitis may be the only presenting
feature.2> Other risk factors reported were filaggrin mutations, nickel dermatitis,
cigarette smoking, detergents, water and occupational exposures.2> Nickel contact
dermatitis has also been associated with hand dermatitis in women, with the
prevalence of nickel allergy as high as 81.5% in some studies.2®6 Common irritants
for the hands include soap and water.

Occupational ICD has been shown to be more prevalent than ACD. Common irritants
include wet work, gloves, mechanical trauma and oils.27 ICD and pulpitis to acrylates
or (methyl)acrylates have been reported in dentists, printers and fiberglass
workers. Recently, acrylates have been identified as an important cause of ICD to
artificial nails with nail technicians accounting for most of the cases. Screening via
patch testing with 2-hydroxyethyl methacrylate (HEMA) has a sensitivity of 80.6%.
Curiously, it is not a part of the T.R.U.E test. Suspicion of true acrylate allergy, thus,
requires expanded patch testing.28

Rubber gloves are a common cause of contact hand dermatitis in healthcare
workers. The common sensitizers are changing in frequency as health care centers
shift to latex-free alternative gloves. A recent study from Ireland looking into causes
of contact dermatitis in the pharmaceutical industry identified thiurams in latex
gloves as an allergen in 7 cases in addition to an unidentified allergen in nitrile
gloves.2? Another study identified rubber accelerators such as carbamates, thiurams,
2-mercaptobenzothiazole, and 1,3-diphenylguanidine (DPG), in decreasing order of
frequency, as the most common sensitizers. Some alternative gloves that can be
offered to patients include vinyl gloves, accelerator free nitrile gloves or neoprene
gloves.30

A recent cross-sectional, multicenter study from Italy identified food processing,
health professions, craft and related trades (building, plumbing, electricians),
hairdressing and beauty related work and handicrafts as the professions most
commonly associated with chronic hand dermatitis.3! Workers in the
pharmaceutical industry are also at risk for developing irritant and ICD.2°

Patients can present with varied clinical findings including scaling, hyperkeratosis,
fissuring and vesiculation (Figures 2 and 3). A recent multicenter, cross-sectional,
Danish study looking at the types of hand dermatitis classified 710 patients with
hand dermatitis in 6 clinical groups: vesicular (rare and repeated eruptions), dry
fissured, palmar hyperkeratotic, nummular, pulpitis and non-classifiable. They also
examined the dynamics of the eruption and classified them as rare, recurrent, or
permanent eruptions. In order of decreasing frequency the most commonly
observed presentations were dry fissured (36.1%), vesicular with repeated
eruptions (31.8%), non-classifiable (8.8%), nummular (7.9%), palmar
hyperkeratotic (7.4%), vesicular with rare eruptions (5.9%) and pulpitis (2.2%).
ICD was the most common etiology in dry fissured type (44.3%), pulpitis (41.7%)
and nummular dermatitis (40.9%). ACD was the most common etiology in both the



vesicular subtypes (vesicular with repeated eruptions 35% and vesicular with rare
eruptions 24.2%). Interestingly, no clear subtype was associated with AD even
though 21.7% of the patients had a personal history of AD. A distinct clinical
subtype that the authors identified was the hyperkeratotic palmar subtype, which
was seen in older men and was not associated with ICD or ACD. Questionably, they
differentiated this eruption from psoriasis by noting that these patients lacked the
characteristic scaling of psoriasis and also did not exhibit psoriatic plaques on other
sites.32

A recently concluded retrospective study by the Danish Contact Dermatitis Group
(DCDG) expanded on the work of Johansen et al and classified hand into 6 clinical
subtypes: chronic fissured hand dermatitis, recurrent vesicular hand dermatitis,
hyperkeratotic palmar dermatitis, pulpitis, interdigital dermatitis and nummular
hand dermatitis. They identified nickel sulfate (18.8%) as the most common
allergen on patch testing. Similar to the findings of elsewhere, recurrent vesicular
hand dermatitis most frequently elicited positive patch-testing results. In contrast,
hyperkeratotic palmar dermatitis and pulpitis subtypes were less likely to elicit
positive reactions on patch testing. In contrast to the previously mentioned studies,
a history of atopy was not associated with hand dermatitis. The most common
allergens identified were metals (nickel sulfate, cobalt chloride), fragrances and
preservatives (methylchloroisothiazoline /methylisothiazoline MCI/MI,
methyldibromoglutaronitrile MDBG).33

Non-inflammatory, clear vesicles and bullae located on the lateral digits, palms, and
soles characterize pompholyx or dyshidrotic dermatitis. Although traditionally
thought to be an endogenous condition, a recent prospective study from France
identified a higher than expected prevalence of contact allergy in patients with
pompholyx (67.5%). In this study, cosmetic or personal hygiene products e.g.
shower gels, shampoos, fragrance etc., and metals, primarily nickel, accounted for
31.7% and 16.7% of the cases of “contact pompholyx”, respectively. 34 In light of
these findings, patch testing may be advantageous in these patients as well.



Figure 2. Irritant contact dermatitis of the hand: superficial fissures and scaling
involving the fingertips.

Figure 2. Allergic contact dermatitis of the hand: Deep fissures and thick
hyperkeratotic scaling involving right hand.

Foot dermatitis

The prevalence of foot dermatitis varies widely and has been reported to be
anywhere between 1.5% and 24%. Common culprits are shoe materials (leather,
rubber, textiles, glues, and adhesives), hosiery, topical medications, and cosmetics
(Table 2). Other factors that may exacerbate foot dermatitis include stasis
dermatitis, occlusion, perspiration, heat and friction. A large retrospective review of
over 10,000 patients identified 154 relevant ICD reactions with the North American
Contact Dermatitis Group (NACDG) patch test panel. Rubber, adhesives and leather
components were the most commonly implicated allergens. Overall, potassium



dichromate (31.5%) (Figure 4), para-tert-butylphenol-formaldehyde resin
(PTBPFR) (17.1%) and cobalt chloride (12.9%) were the most common allergens in
order of decreasing frequency of involvement.35 In addition, colophonium, mercapto
mix and mercaptobenzothiazole (MBT) have been implicated in causing allergic
reactions.

In pediatric patients, a retrospective study identified MBT, mercapto mix, and
potassium dichromate as the most commonly implicated allergens affecting the
soles.36

Potassium dichromate is used in the tanning/dyeing of leather shoes.37 Glues and
adhesives used in the shoemaking industry may contain PTBPFR and colophonium.
Mercapto mix and MBT are used as accelerators for the vulcanization of rubber.24
Remarkably, despite washing or boiling white cotton socks that have become
contaminated with MBT, they can still elicit significant allergic contact reactions. It
is logical to suggest that along with changing shoes patients should also be advised
to change their socks.38 Cobalt is a metal that is increasingly used in the leather
dyeing industry and has been implicated in foot dermatitis.3° Dimethyl fumarate
(DMF) is a volatile powder that is utilized as a constituent of anti-humidity sachets
in shoes and shoeboxes. It has been associated with severe contact dermatitis
outbreaks in Europe and usually affects the dorsa of the feet and toes. Additionally,
even if the sachets are physically removed, traces of DMF can remain imbedded in
the packaged shoes for up to a year.#0 Commonly implicated rubber allergens
include 4,4-dithiodimorpholine, thiuram mix and diphenylguanidine.4!

Dyshidrotic dermatitis, tinea pedum, and psoriasis should be considered in the
differential diagnosis of foot dermatitis.#2 In the case of pediatric patients with
dermatitis involving the soles, juvenile plantar dermatosis should also be
considered.36




Figure 4: Allergic contact dermatitis of the feet to potassium dichromate:
hyperkeratotic plaques on the dorsum of the feet and toes.

Foot dermatitis

Study

Allergens implicated

Comments

Landeck et al42

Potassium dichromate, p-
tert-butylphenol-
formaldehyde resin,
colophonium, mercapto
mix and
mercaptobenzothiazole.

Reactions were more
frequent in men. Products
that elicited positive
responses: shoes (27.5%),
topical medications
(24.4%) and cosmetics
(16.8%)

Warshaw et al35

p-tert-butylphenol-
formaldehyde resin,
potassium dichromate,
carba mix.

Common allergens
included: rubber
chemicals (40.4%),
adhesives (32.5%), and
leather components
(20.1%).

Darling et al3¢

Mercaptobenzothiazole,
mercapto mix, potassium
dichromate, disperse
blue106, Ethylene urea,
Formaldehyde,
glutaraldehyde, fragrance
mixX.

Reactions were more
frequent in boys. Common
allergens included: rubber
accelerators and tanning
chemicals.

Table 2: Commonly reported allergens in foot dermatitis.

Ear dermatitis

Metal jewelry is an important cause of contact dermatitis involving the ears (Figure
3). In particular, nickel allergy has been reported in close to 15% of adolescents.43 It
is also more frequently observed in women, as they have traditionally had higher
rates of ear piercings. Ear piercings in adolescent girls has been associated with
nickel sensitization and, interestingly, there is also an association with the number
of ear piercings.#3 44 A study from San Francisco looking for the presence of nickel in
low-priced earrings tested positive with dimethylglyoxime in 69% of purchases
from local artists and 42.9% of tourist stores.*> The dimethylglyoxime (DMG) test
utilizes the property of this compound to change color to a bright red hue when it

comes into contact with nickel salts (provided the release is >0.5 pg/cmz/wk). False
positive results have been reported with ferrous containing products. Furthermore,
false negative reactions have been reported with cobalt containing products as the
latter can bind to DMG and prevent it from reacting with nickel.*> Substitute metals
such as palladium and titanium may be used in patients with nickel allergy, as they
have not been shown to elicit dermatitis.4® Of note, limiting oral nickel intake in
patients with nickel-induced earlobe ACD has not been shown to help with their



symptoms.4” The European Union passed the nickel directive regulation in July 2001
as a method to limit the amount of nickel that is released from jewelry (no more
than 0.5 pg nickel/cm2 /week). Since that time the rates of ACD have decreased.3!

Gold is a common irritant and was also named the allergen of the year in 2001.
According to the North American Contact Group 9.5% of patients were reported to
have a positive reaction to gold. It can cause localized contact dermatitis on the
hands and ears, and is commonly seen with exposure to jewelry, with women more
likely to elicit positive reactions. It is also seen in occupations where gold is mined,
smelted or plated. The cutaneous reactions to gold may appear late and are also
slow to subside once the allergen is removed. In addition, on patch testing, gold can
often elicit delayed (up to 3 weeks later) and persistent reactions. Up to 31% of
patients have been reported to have a positive reaction to the gold sodium
thiosulfate hapten used in patch testing. Some authors have questioned the clinical
relevance of these reactions, as patients may react to gold salts and not to gold foil
or gold scrapings from jewelry. These factors make the interpretations of positive
reactions to gold extremely challenging. In patients with a history of dental gold
implants and relevant exposures it may be useful to consider testing for gold. 20

Figure 5. Allergic contact dermatitis of the earlobe to jewelry.

Treatment

There are several excellent guidelines available for the management of hand contact
dermatitis.#® 49 Certain studies on hand dermatitis also include patients with foot
dermatitis.; however, no specific guidelines exist for other acral sites and relevant
literature is scant. Results from some of the well-conducted studies on hand
dermatitis must thus be extrapolated to apply to other acral sites.

General measures

Physicians often counsel patients to avoid inciting allergens, either identified via
history or confirmed by patch testing. Indeed, when compared to controls, patch
testing and subsequent detailed individual counseling regarding avoiding relevant



allergens and adhering to gentle skin care recommendations (e.g. regular
application of emollients, using cold or lukewarm water, minimizing wet work,
using protective gloves, using disinfectants instead of detergents etc.) has been
shown to improve hand eczema severity index in healthcare individuals with hand
dermatitis.>°

In some cases, this advice may not be feasible, especially in patients with hand
dermatitis, as they frequently have or can develop polysensitization to multiple
allergens that is irrespective of AD status of the individual.>1

Wet work should be limited and mild or gentle cleaners with a pH similar to the
slightly acidic pH of the SC (5.5) should be used to prevent further degradation of
the skin barrier.? The mainstay of therapy is the liberal use of emollients and
humectants (moisturizers) with or without occlusion. Emollients provide an
occlusive layer that prevents TEWL. Humectants such as glycerol or urea help to
retain water and moisturize the skin.>2 Regular and liberal application of
moisturizers may protect against developing ICD.53 Thicker ointments are generally
favored over creams, and bland petrolatum is less likely to cause sensitization as
compared to the preservatives and emulsifiers found in creams. Individual
moisturizers vary in the ability to prevent TEWL. In one randomized controlled trial
(RCT), a “complex” 5% urea cream was shown to decrease TEWL as compared to a
hydrocarbon containing cream. Furthermore, moisturizers are able to control the
expression of different epidermal genes and affect the skin barrier directly.>* A
Cochrane review examined 4 RCTs (n=894) in individuals at risk for occupational
ICD that were educated with gentle skin recommendations. Patients who were
advised to apply barrier creams and moisturizers regularly, use gloves and follow
other skin care recommendations did show a positive effect in the prevention of
occupational ICD; however, this did not reach a level of statistical significance.>>

The use of gloves and personal protective equipment may be beneficial in cases of
ICD; however, prolonged use of gloves may also exacerbate hand dermatitis, in
which case, the use of a cotton liner glove is recommended.>¢

Patients who fail treatment with the aforementioned interventions may benefit
from topical corticosteroids, oral corticosteroids, oral retinoids, immunosuppressive
agents, such as cyclosporine, phototherapy and even radiotherapy; however,, the
strength of evidence regarding these approaches is variable as there is a dearth of
good quality RCTs.

Topical corticosteroids

Topical corticosteroids are recommended as first line treatment for acral dermatitis
(Grade A recommendation), because multiple studies have shown significant
improvement in patients with hand dermatitis(Evidence level 1). Even short-term
application of potent corticosteroids such as clobetasol can have a deteriorative
effect on the skin barrier and can delay recovery. Fortunately, replacement of
epidermal lipids through moisturizers helps to reverse this effect.>” Once daily



application may be as effective as twice daily application and may reduce the
incidence of side effects.48 In an open label randomized trial, nearly 50% of patients
had control of their hand dermatitis with daily mometasone furoate within 6 weeks.
Twenty seven percent required a total of 6 weeks and another 25% required a total
of 9 weeks. Those patients who cleared were split into three arms and treated with
either intermittent thrice-weekly dosing, weekend dosing, or asked to use
emollients only. Intermittent dosing was effective in reducing relapse rates (17% vs.
32%) when compared to patients who had been using emollients only (74%).58

Topical calcineurin inhibitors

Topical calcineurin inhibitors (TCI) include topical tacrolimus and pimecrolimus.
There is a paucity of RCTs looking at the utility of TCI in acral dermatitis. The
efficacy of tacrolimus in ICD is equivocal, with some studies even supporting
increased irritancy (Evidence level 2).5°

In a randomized comparative study, 30 adults with chronic hand dermatitis and
positive patch testing to relevant allergens were treated with either topical
tacrolimus 0.1% ointment or mometasone furoate 0.1% ointment. Both arms
showed improvement and there was no statistical difference between the groups.6°
Therefore, tacrolimus may be a useful option in chronic contact dermatitis of the
hands and allow the physician to circumvent the side effects associated with topical
corticosteroids.

In a RCT looking at patients with moderate to severe hand dermatitis, patients were
started on a 3-week course of oral prednisone and either asked to use topical
tacrolimus or a vehicle. There was a statistically significant improvement in clinical
symptoms (induration and scaling) and a non-statistically significant trend of
prolonging the time to recurrence in the tacrolimus treatment arm; however, 69%
of the patients had relapses. This study was limited by the small sample size of
patients.61

Similarly, a double blind RCT evaluated pimecrolimus in achieving remission in
patients with atopic hand dermatitis initially treated with a 3-week course of
mometasone furoate 0.1% and then maintained either on pimecrolimus or vehicle
control. Pimecrolimus treatment was not found to be superior when compared to
vehicle controls.®?2

Retinoids

Systemic retinoids are an effective option for patients with clinical manifestations
recalcitrant to topical corticosteroids and particularly in the hyperkeratotic subtype
of hand dermatitis. 26 (Evidence level 1)

Their use is limited primarily due to the untoward side effects in addition to the
need for contraception and pregnancy monitoring in women. In a European
multicenter, double blind RCT, alitretinoin (9-cis-retinoic acid) was administered
daily to a total of 319 patients at a dose of 10 mg, 20 mg or 40 mg per day. After 3
months of treatment, dose related near or complete clearance was appreciated in



53% of patients treated with 40 mg per day; 41% in the 20 mg group and 39% in
the 10 mg group. The response rate for placebo was 27%. Adverse effects were
similarly seen more frequently in the 40 mg group, with headaches, dry lips,
flushing, dry mouth, hyperlipidemia, decreased hemoglobin and decreased free
thyroxine being the most frequently reported side effects.®3 Similarly, in a large
multicenter placebo controlled RCT, 1032 patients were divided in 1:2:2 ratios for
treatment with a placebo, 10 mg or 30 mg of alitretinoin daily for 24 weeks.
Complete or near complete clearance was seen in 48% of patients on 30 mg, and in
27% of patients on 10 mg, compared with 17% for placebo.t* Alitretinoin use is
currently reserved for severe hand dermatitis not responsive to traditional
therapies (Grade A recommendation). It is not approved for this indication in the
U.S.A.

In a single blind RCT evaluating the use of acitretin in hyperkeratotic dermatitis of
the palms, 30 mg of acitretin daily was administered to 14 patients, whereas 15
patients received a placebo. After 4 weeks of treatment, a statistically significant
reduction of symptoms was documented in the patients treated with acitretin as
opposed to placebo. Acitretin was well tolerated at this dose and no changes in
blood work were reported.65

Cyclosporine

The efficacy of oral cyclosporine versus topical betamethasone cream was evaluated
in a double-blind RCT (n=41) in which one arm was treated with oral cyclosporine
(3mg/kg) twice a day and the other was treated with placebo capsules and topical
betamethasone dipropionate cream for a total of six weeks. Both arms showed
improvement, with disease activity scores reducing to 57% of baseline in the
cyclosporine arm and 58% of baseline in the bethamethasone dipropionate arm.
The difference between the arms was not significant. Oral cyclosporine may be
effective in patients who are non-responsive to topical corticosteroids (Evidence
level 2), though they must be monitored closely for the development of
hypertension and renal dysfunction.6®

Steroid sparing agents

When cyclosporine is not a viable option, other steroid-sparing agents such as
azathioprine, mycophenolate mofetil or methotrexate can be considered, though the
safety and efficacy of these agents in acral dermatitis has yet to proven in RCTs
(Level of evidence 3).

A recent retrospective study demonstrated that low dose methotrexate (5-10 mg
increased to 20 mg maximum per week) was effective in controlling hand dermatitis
in 36.7% of patients by 8-12 weeks. The most effective response was seen in the
hyperkeratotic hand dermatitis group (47.6%). Side effects and lack of response
were the most common causes of discontinuation of therapy. The median time
reported for the use of methotrexate without interruptions was 5.2 months.67



Phototherapy

Both ultraviolet B (UVB) and psoralen with ultraviolet A (PUVA) phototherapy is
used in patients refractory to topical treatments (Evidence level 2). In a 9-week
comparative trial, both local narrow-band UVB and paint based PUVA thrice-weekly
treatments were equally effective in controlling hand dermatitis, though the
difference between the two modalities was not statistically significant. It is
reasonable to start with NB-UVB treatments first and then progress to PUVA if there
is no response (Grade B recommendation).68

Home based tanning units that utilize ultraviolet A light may be used to circumvent
the need for patients to follow up for office based light treatments. An open labeled
RCT (n=158) reported that the efficacy of home based phototherapy sessions,
utilizing portable facial commercial tanning units with oral methoxsalen capsules,
was similar to hospital based PUVA sessions utilizing trioxasalen baths for the
treatment of severe hand dermatitis. After 10 weeks, thrice-weekly sessions of
home-based phototherapy resulted in 41% improvement, whereas twice-weekly
hospital based phototherapy resulted in a 31% improvement. ¢® This may be a
viable option for patients who are unable to travel to an office based setting for their
phototherapy treatments. It is reasonable to initiate therapy in the office setting for
several weeks or months and document a beneficial effect prior to burdening the
patient's insurance or personal finances with the purchase of a home phototherapy
unit.

Ultraviolet A treatments are used with systemic oral photosensitizers, such as 8-
methoxypsoralen (8-MOP), or topical 8-MOP baths, if the dermatitis is limited to the
acral surfaces. Gels containing 8-MOP have also been used with good response in
palmoplantar dermatitis. This is an attractive option because of the lower incidence
of side effects, reduced costs and fewer organization requirements when compared
to bath or systemic treatments.”0

Grenz ray treatment

Grenz ray treatments have been utilized for chronic severe hand dermatitis. In a
retrospective study from Oregon, 73% of patients achieved moderate improvement
with this treatment (mean 5.5 treatments; 21 Grays) with minimal side effects. More
than half of these patients had psoriasis or palmoplantar pustulosis and the patients
were not followed adequately to address the main concern for the development of
skin cancer.”! At the present time most guidelines do not recommend the use of this
modality.48

Conclusions

Acral dermatitis presents a unique challenge in diagnosis and management. A
meticulous and detailed history is essential to identify possible irritants and/or
allergens. A skin scraping should always be performed to rule out tinea infections. If
applicable, patch testing should be initiated to identify common allergens. Negative
testing and high clinical suspicion may demand expanded patch testing. Patients
should be counseled to avoid irritants and/or allergens. In addition, they should



receive extensive education on gentle skin care recommendations and the use of
emollients and humectants. Topical corticosteroids are the logical starting point for
therapy. If there is no response, phototherapy, systemic retinoids and steroid
sparing agents are useful alternatives to consider depending on the clinical
presentation and the patient’s comorbidities.

REFERENCES:

1) Sehgal VN, Srivastava G, Aggarwal AK, et al. Hand dermatitis/eczema: current
management strategy. ] Dermatol. 2010; 37:593-610.

2) Agner T, Andersen KE, Brandao FM, et al. Hand eczema severity and quality
of life: a cross-sectional, multicentre study of hand eczema patients. Contact
Dermatitis. 2008; 59:43-47.

3) Cvetkovski RS, Rothman K], Olsen ], et al. Relation between diagnoses on
severity, sick leave and loss of job among patients with occupational hand eczema.
Br ] Dermatol. 2005; 152:93-98.

4) Diepgen TL, Scheidt R, Weisshaar E, et al. Cost of illness from occupational
hand eczema in Germany. Contact Dermatitis. 2013; 69:99-106.

5) Ramam M, Krishna SG. A novel cause of economic loss due to hand
dermatitis. Arch Dermatol. 2011; 147:753.

6) Lee CK, Chang CC, Johar A, et al. Fingerprint changes and verification failure
among patients with hand dermatitis. JAMA Dermatol. 2013; 149:295-299.

7) Ebell MH, Siwek ], Weiss BD, et al. Strength of recommendation taxonomy
(SORT): a patient-centered approach to grading evidence in the medical literature.
Am Fam Physician. 2004; 69:548-556.

8) Schmid-Wendtner MH, Korting HC. The pH of the skin surface and its impact
on the barrier function. Skin pharmacology and physiology. 2006; 19:296-302.

9) Ananthapadmanabhan KP, Moore D], Subramanyan K, et al. Cleansing
without compromise: the impact of cleansers on the skin barrier and the technology
of mild cleansing. Dermatol Ther. 2004; 17 Suppl 1:16-25.

10)  Stocks SJ, McNamee R, Turner S, et al. The impact of national-level
interventions to improve hygiene on the incidence of irritant contact dermatitis in
healthcare workers: changes in incidence from 1996 to 2012 and interrupted times
series analysis. Br ] Dermatol. 2015; 173:165-171.

11) Thyssen ]JP, Ross-Hansen K, Johansen ]D, et al. Filaggrin loss-of-function
mutation R501X and 2282del4 carrier status is associated with fissured skin on the
hands: results from a cross-sectional population study. Br ] Dermatol. 2012; 166:46-
53.

12) Heede NG, Thyssen JP, Thuesen BH, et al. Anatomical patterns of dermatitis in
adult filaggrin mutation carriers. ] Am Acad Dermatol. 2015; 72:440-448.

13) Thyssen ]JP, Johansen JD, Linneberg A, et al. The association between null
mutations in the filaggrin gene and contact sensitization to nickel and other
chemicals in the general population. Br ] Dermatol. 2010; 162:1278-1285.

14) Held E, Skoet R, Johansen ]D, et al. The hand eczema severity index (HECSI): a
scoring system for clinical assessment of hand eczema. A study of inter- and
intraobserver reliability. Br ] Dermatol. 2005; 152:302-307.



15) Skudlik C, Dulon M, Pohrt U, et al. Osnabrueck hand eczema severity index--a
study of the interobserver reliability of a scoring system assessing skin diseases of
the hands. Contact Dermatitis. 2006; 55:42-47.

16) Coenraads PJ, Van Der Walle H, Thestrup-Pedersen K, et al. Construction and
validation of a photographic guide for assessing severity of chronic hand dermatitis.
Br ] Dermatol. 2005; 152:296-301.

17)  Schalock PC, Dunnick CA, Nedorost S, et al. American contact dermatitis
society core allergen series. Dermatitis : contact, atopic, occupational, drug. 2013;
24:7-9.

18) Johansen JD, Aalto-Korte K, Agner T, et al. European Society of Contact
Dermatitis guideline for diagnostic patch testing - recommendations on best
practice. Contact Dermatitis. 2015; 73:195-221.

19)  Higgins E, Collins P. The relevance of 7-day patch test reading. Dermatitis :
contact, atopic, occupational, drug. 2013; 24:237-240.

20)  Wetter DA, Yiannias JA, Prakash AV, et al. Results of patch testing to personal
care product allergens in a standard series and a supplemental cosmetic series: an
analysis of 945 patients from the Mayo Clinic Contact Dermatitis Group, 2000-2007.
] Am Acad Dermatol. 2010; 63:789-798.

21)  Saripalli YV, Achen F, Belsito DV. The detection of clinically relevant contact
allergens using a standard screening tray of twenty-three allergens. ] Am Acad
Dermatol. 2003; 49:65-69.

22)  Warshaw EM, Maibach HI, Taylor JS, et al. North American contact dermatitis
group patch test results: 2011-2012. Dermatitis : contact, atopic, occupational, drug.
2015; 26:49-59.

23) Belloni Fortina A, Romano I, Peserico A, et al. Contact sensitization in very
young children. ] Am Acad Dermatol. 2011; 65:772-779.

24) Lepoittevin JP, Le Coz CJ, Frosch PJ. Dictionary of contact allergens, Berlin:
Springer.2007: 280 p.p.

25)  Thyssen JP, Johansen ]D, Linneberg A, et al. The epidemiology of hand eczema
in the general population--prevalence and main findings. Contact Dermatitis. 2010;
62:75-87.

26) Thyssen JP, Linneberg A, Menne T, et al. The epidemiology of contact allergy
in the general population--prevalence and main findings. Contact Dermatitis. 2007;
57:287-299.

27) Friis UF, Menne T, Schwensen JF, et al. Occupational irritant contact
dermatitis diagnosed by analysis of contact irritants and allergens in the work
environment. Contact Dermatitis. 2014; 71:364-370.

28) Ramos L, Cabral R, Goncalo M. Allergic contact dermatitis caused by acrylates
and methacrylates--a 7-year study. Contact Dermatitis. 2014; 71:102-107.

29)  Bennett MF, Lowney AC, Bourke JF. A Study of Occupational Contact
Dermatitis in the Pharmaceutical Industry. Br ] Dermatol. 2015.

30) Cao LY, Taylor ]S, Sood A, et al. Allergic contact dermatitis to synthetic rubber
gloves: changing trends in patch test reactions to accelerators. Arch Dermatol. 2010;
146:1001-1007.



31) Scalone L, Cortesi PA, Mantovani LG, et al. Clinical epidemiology of hand
eczema in patients accessing dermatological reference centres: results from Italy. Br
] Dermatol. 2015; 172:187-195.

32) Johansen ]JD, Hald M, Andersen BL, et al. Classification of hand eczema:
clinical and aetiological types. Based on the guideline of the Danish Contact
Dermatitis Group. Contact Dermatitis. 2011; 65:13-21.

33) Boonstra MB, Christoffers WA, Coenraads PJ, et al. Patch test results of hand
eczema patients: relation to clinical types. ] Eur Acad Dermatol Venereol. 2015;
29:940-947.

34)  Guillet MH, Wierzbicka E, Guillet S, et al. A 3-year causative study of
pompholyx in 120 patients. Arch Dermatol. 2007; 143:1504-1508.

35)  Warshaw EM, Schram SE, Belsito DV, et al. Shoe allergens: retrospective
analysis of cross-sectional data from the north american contact dermatitis group,
2001-2004. Dermatitis : contact, atopic, occupational, drug. 2007; 18:191-202.

36) Darling MI, Horn HM, McCormack SK, et al. Sole dermatitis in children: patch
testing revisited. Pediatr Dermatol. 2012; 29:254-257.

37) Caroe C, Andersen KE, Thyssen ]P, et al. Fluctuations in the prevalence of
chromate allergy in Denmark and exposure to chrome-tanned leather. Contact
Dermatitis. 2010; 63:340-346.

38)  Rietschel RL. Role of socks in shoe dermatitis. Arch Dermatol. 1984; 120:398.
39) Thyssen JP, Johansen JD, Jellesen MS, et al. Consumer leather exposure: an
unrecognized cause of cobalt sensitization. Contact Dermatitis. 2013; 69:276-279.
40) Toledo F, Silvestre JF, Cuesta L, et al. Correlation between lesion site and
concentration of dimethyl fumarate in different parts of shoes in patients with
contact dermatitis caused by dimethyl fumarate in footwear. Contact Dermatitis.
2011; 65:92-95.

41) Bendewald M], Farmer SA, Davis MD. An 8-year retrospective review of patch
testing with rubber allergens: the Mayo Clinic experience. Dermatitis : contact,
atopic, occupational, drug. 2010; 21:33-40.

42) Landeck L, Uter W, John SM. Patch test characteristics of patients referred for
suspected contact allergy of the feet--retrospective 10-year cross-sectional study of
the IVDK data. Contact Dermatitis. 2012; 66:271-278.

43)  Dotterud LK, Falk ES. Metal allergy in north Norwegian schoolchildren and its
relationship with ear piercing and atopy. Contact Dermatitis. 1994; 31:308-313.

44) Mortz CG, Lauritsen JM, Bindslev-Jensen C, et al. Nickel sensitization in
adolescents and association with ear piercing, use of dental braces and hand
eczema. The Odense Adolescence Cohort Study on Atopic Diseases and Dermatitis
(TOACS). Acta Derm Venereol. 2002; 82:359-364.

45)  Thyssen JP, Maibach HI. Nickel release from earrings purchased in the United
States: the San Francisco earring study. ] Am Acad Dermatol. 2008; 58:1000-1005.
46) Tillman C, Engfeldt M, Hindsen M, et al. Usage test with palladium-coated
earrings in patients with contact allergy to palladium and nickel. Contact Dermatitis.
2013; 69:288-295.

47)  DiBerardino F, Alpini D, Cesarani A. Nickel earlobe dermatitis and clinical
non-relevance of the oral exposure. ] Eur Acad Dermatol Venereol. 2008; 22:1215-
1217.



48) Diepgen TL, Andersen KE, Chosidow O, et al. Guidelines for diagnosis,
prevention and treatment of hand eczema--short version. ] Dtsch Dermatol Ges.
2015; 13:77-85.

49) Menne T, Johansen JD, Sommerlund M, et al. Hand eczema guidelines based
on the Danish guidelines for the diagnosis and treatment of hand eczema. Contact
Dermatitis. 2011; 65:3-12.

50) Ibler KS, Jemec GB, Diepgen TL, et al. Skin care education and individual
counselling versus treatment as usual in healthcare workers with hand eczema:
randomised clinical trial. BM]. 2012; 345:e7822.

51) Carlsen BC, Andersen KE, Menne T, et al. Sites of dermatitis in a patch test
population: hand dermatitis is associated with polysensitization. Br ] Dermatol.
2009; 161:808-813.

52)  Moncrieff G, Cork M, Lawton S, et al. Use of emollients in dry-skin conditions:
consensus statement. Clin Exp Dermatol. 2013; 38:231-238; quiz 238.

53) Schliemann S, Petri M, Elsner P. Preventing irritant contact dermatitis with
protective creams: influence of the application dose. Contact Dermatitis. 2014;
70:19-26.

54) Buraczewska I, Berne B, Lindberg M, et al. Long-term treatment with
moisturizers affects the mRNA levels of genes involved in keratinocyte
differentiation and desquamation. Arch Dermatol Res. 2009; 301:175-181.

55) Bauer A, Schmitt ], Bennett C, et al. Interventions for preventing occupational
irritant hand dermatitis. Cochrane Database Syst Rev. 2010:CD004414.

56) Kwon S, Campbell LS, Zirwas M]. Role of protective gloves in the causation
and treatment of occupational irritant contact dermatitis. ] Am Acad Dermatol.
2006; 55:891-896.

57) Kao ]S, Fluhr JW, Man MQ, et al. Short-term glucocorticoid treatment
compromises both permeability barrier homeostasis and stratum corneum
integrity: inhibition of epidermal lipid synthesis accounts for functional
abnormalities. ] Invest Dermatol. 2003; 120:456-464.

58) Veien NK, Olholm Larsen P, Thestrup-Pedersen K, et al. Long-term,
intermittent treatment of chronic hand eczema with mometasone furoate. Br ]
Dermatol. 1999; 140:882-886.

59) Clemmensen A, Andersen F, Petersen TK, et al. Applicability of an
exaggerated forearm wash test for efficacy testing of two corticosteroids, tacrolimus
and glycerol, in topical formulations against skin irritation induced by two different
irritants. Skin research and technology : official journal of International Society for
Bioengineering and the Skin. 2011; 17:56-62.

60) Katsarou A, Makris M, Papagiannaki K, et al. Tacrolimus 0.1% vs mometasone
furoate topical treatment in allergic contact hand eczema: a prospective randomized
clinical study. Eur ] Dermatol. 2012; 22:192-196.

61) Krejci-Manwaring ], McCarty MA, Camacho F, et al. Topical tacrolimus 0.1%
improves symptoms of hand dermatitis in patients treated with a prednisone taper.
J Drugs Dermatol. 2008; 7:643-646.

62) Bauer A, Lange N, Matterne U, et al. Efficacy of pimecrolimus 1% cream in the
long term management of atopic hand dermatitis. A double-blind RCT. ] Dtsch
Dermatol Ges. 2012; 10:426-433.



63) Ruzicka T, Larsen FG, Galewicz D, et al. Oral alitretinoin (9-cis-retinoic acid)
therapy for chronic hand dermatitis in patients refractory to standard therapy:
results of a randomized, double-blind, placebo-controlled, multicenter trial. Arch
Dermatol. 2004; 140:1453-1459.

64) Ruzicka T, Lynde CW, Jemec GB, et al. Efficacy and safety of oral alitretinoin
(9-cis retinoic acid) in patients with severe chronic hand eczema refractory to
topical corticosteroids: results of a randomized, double-blind, placebo-controlled,
multicentre trial. Br ] Dermatol. 2008; 158:808-817.

65)  Thestrup-Pedersen K, Andersen KE, Menne T, et al. Treatment of
hyperkeratotic dermatitis of the palms (eczema keratoticum) with oral acitretin. A
single-blind placebo-controlled study. Acta Derm Venereol. 2001; 81:353-355.

66)  Granlund H, Erkko P, Eriksson E, et al. Comparison of cyclosporine and
topical betamethasone-17,21-dipropionate in the treatment of severe chronic hand
eczema. Acta Derm Venereol. 1996; 76:371-376.

67)  Politiek K, van der Schaft ], Christoffers WA, et al. Drug survival of
methotrexate treatment in hand eczema patients: results from a retrospective daily
practice study. ] Eur Acad Dermatol Venereol. 2015.

68)  Sezer E, Etikan I. Local narrowband UVB phototherapy vs. local PUVA in the
treatment of chronic hand eczema. Photodermatol Photoimmunol Photomed. 2007;
23:10-14.

69) van Coevorden AM, Kamphof WG, van Sonderen E, et al. Comparison of oral
psoralen-UV-A with a portable tanning unit at home vs hospital-administered bath
psoralen-UV-A in patients with chronic hand eczema: an open-label randomized
controlled trial of efficacy. Arch Dermatol. 2004; 140:1463-1466.

70) Schiener R, Gottlober P, Muller B, et al. PUVA-gel vs. PUVA-bath therapy for
severe recalcitrant palmoplantar dermatoses. A randomized, single-blinded
prospective study. Photodermatol Photoimmunol Photomed. 2005; 21:62-67.

71)  Simpson BM, Foster SK, Chapman CN, et al. The effectiveness of grenz ray
therapy for chronic dermatoses of the hands and feet. Dermatitis : contact, atopic,
occupational, drug. 2014; 25:205-208.

Web references:

U.S. Food and Drug Administration, T.R.U.E Test
http://www.fda.gov/biologicsbloodvaccines/allergenics/ucm294326.htm
Last accessed: 12/20/2015.



