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SIGNIFICANCE
Exposure to acrylate substances can trigger allergic ras-
hes, often accompanied by cracks and intense itching. To 
establish a diagnosis, patients are advised to undergo a 
“patch test”, in which patches containing potential aller-
gens are placed on the skin to observe allergic reactions. 
One substance, 2-hydroxyethyl methacrylate (2-HEMA), 
identified acrylate-induced allergic contact dermatitis in 
85% of cases. 2-HEMA is included in the basic European 
Baseline tray. Testing of merely 2 other acrylic allergens 
identified 98% of nail-acrylate allergies in our study popu-
lation. Routine implementation of this practice may mini-
mize costs and patient discomfort, with few consequences 
on the patch test sensitivity.
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Methacrylate allergy is a common cause of allergic 
contact dermatitis, and its incidence has surged over 
the past decade. Consequently, the primary sensiti-
zing agent, 2-hydroxyethyl methacrylate, was recently 
added to the European Baseline Series of contact al-
lergens. This study aimed to assess the added value 
of testing for allergens included in the (Meth)Acrylate 
Series – Nails, in addition to 2-hydroxyethyl metha-
crylate, as well as to characterize patients who may 
benefit from more extensive testing. A retrospective 
analysis of medical records of patch-tested patients 
was conducted between June 2013 and July 2022. 
Among the 3,828 patients who underwent patch tes-
ting, 396 were tested with the (Meth)Acrylate Series 
– Nails; 153 (38.6%) of those patients tested positi-
ve for at least 1 acrylate. The most common hapten 
was 2-hydroxyethyl methacrylate (85.6%), followed 
by hydroxypropyl methacrylate (85.0%) and ethylene 
glycol dimethacrylate (80.4%). In our study, 22/153 
patients (14.4%) would have been missed if tested 
only for 2-hydroxyethyl methacrylate. The analysis 
showed that including hydroxypropyl methacrylate 
and ethylene glycol dimethacrylate improved detec-
tion rate to 98%, rendering the use of the entire tray 
unnecessary in most cases.
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Acrylates and (meth)acrylates are esters or salts of 
acrylic acid and methacrylic acid, respectively. 

Monomeric acrylates and (meth)acrylates are unstable 
potent liquid allergens that polymerize either spon-
taneously at room temperature, with heat, or via UV 
radiation or visible light to form acrylic plastics. Acrylic 
polymers usually do not cause allergic contact dermati-
tis (ACD); nevertheless, their monomeric and dimeric 
forms are known contact sensitizers. Acrylates are used 
in various products, such as glues, coatings, inks, paints, 
dental prostheses, acrylic nails, mascara, and medical 

adhesives. The clinical presentation of allergic patients 
might involve dermatitis of the fingertips, hands, face – 
especially the eyelids – and the oral cavity (1–3).

The combination of the potent sensitization potential 
of acrylic monomers and their widespread exposure 
makes acrylates a significant aetiological factor in both 
occupational and non-occupational contact dermatitis. 
The incidence of ACD to acrylates has increased in the 
last decade, along with a transition towards exposure 
to acrylates among beauty industry consumers and 
employees (1, 4–6). For instance, it was estimated to 
comprise 2.3% of patch-tested patients across Europe 
during 2020–2021, showing a 3-fold rise in a timeframe 
of 6 years (2, 7). 

Accordingly, (meth)acrylates were named contact 
allergen of the year by the American Contact Dermatitis 
Society in 2012 (8) and an acrylic compound, isobornyl 
acrylate, was allergen of the year for 2020 (9). Most 
prominently, nail acrylates have been found responsible 
for two-thirds of all acrylate allergies. Acrylic nails are 
also known as the leading cause of occupational acrylate 
allergy, and the risk of 2-hydroxyethyl methacrylate 
(2-HEMA) allergy was found to be 9 times higher among 
hairdressers and beauticians (2, 10). Diagnosis of acrylate 
ACD among beauticians has a considerable impact, with 
20–50% observed to discontinue working in their profes-
sion (2, 11). Consequently, 2-HEMA was added to the 
European Baseline Series (EBS) of contact allergens in 
2019 (12). While 2-HEMA is widely considered a reliable 
marker of acrylate ACD, the addition of a standardized 
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extended acrylate series has been suggested to improve 
the diagnosis of acrylate allergy (1). 

The potential added value of the nail acrylate series 
tray to acrylate ACD detection has not been established. 
Thus, we aimed to assess the additional benefit of testing 
with the (Meth)Acrylate Series – Nails (ANS; Chemo-
technique Diagnostics, Vellinge, Sweden) and to identify 
individuals who require the addition of the extended nail 
acrylate series.

MATERIALS AND METHODS
This is a retrospective cohort study performed at the patch-test 
clinic of Rambam Medical Center, Haifa, Israel. We retrieved data 
from medical files of all patch-tested patients in our outpatient 
clinic between 1 June 2013 and 31 July 2022. A total of 3,828 
patients were patch tested during this period. All procedures were 
approved by the Rambam Hospital Helsinki Ethics review board, 
protocol number 0630-21-RMB-D.

Patients with suspected acrylate ACD were concomitantly tested 
with both the EBS and ANS, obtained from Chemotechnique 
Diagnostics. Since May 2019, our clinic has implemented the 
newer EBS edition, which includes 2-HEMA at a concentration of 
2%. Nevertheless, when acrylate allergy was suspected, patients 
were also subjected to ANS testing. Our analysis included only 
those who were both tested with the latter series and exposed to 
acrylates through nail products. The allergens were stored and 
dispensed according to the manufacturer’s instructions. Allergens 
were transported in airtight tubes and prepared by specialist nurses 
immediately prior to application. 

Patch tests were applied to the upper back with Finn Chambers 
on Scanpor tape. The patch tests were performed with 48 h occlu-
sion and readings were taken on D2 and D4 for all tested series. 
The reactions were scored as: “−”, negative; “IR”, irritant reaction; 
“?”, doubtful; “+”, weak; “++”, strong; “+++”, extreme, according 
to the recommendations of the International Contact Dermatitis 
Research Group (13). A positive response was considered if a 
weak, strong, or extreme response was noted on D4. No reaction, 
IR, and doubtful reaction were all considered negative responses. 
The following data, according to the MOAHLFA index, were 
retrieved from the patients’ files: gender, occupational dermatitis, 
atopic dermatitis, distribution of the rash (hand, leg, or facial 
dermatitis) and age (14).

Statistical analysis

Data were statistically analysed with StatPlus statistical package 
software (StatPlus Pro 7, AnalystSoft Inc, Alexandria, VA, US)
A. The Mann–Whitney U test was used to compare continuous 
variables and the χ2 test was employed to compare categorical 
variables. The confidence intervals (CIs) for proportions were set 
at 95% and values of p < 0.05 were considered to be significant.

RESULTS

Demographics and clinical data
A total of 3,828 patients were patch tested between June 
2013 and July 2022. During the 9 years of the study, 396 
(10.3%) patients were suspected of having nail acrylate 
allergy and were therefore tested with the extended 
ANS. Of these 396 subjects, 153 patients (38.6%), all 
of whom were female, exhibited positive reactions to 

acrylates. The incidence of nail acrylate allergy in our 
patch test population was 153/3,828 (4%). Among the 
acrylate-sensitive patients, hand dermatitis was most 
prominent, displayed in 141 (91.5%) patients. The face 
(25/153, 16%) was also a commonly affected site, with 
the eyelids (11/25, 44%) often being involved. Thirty-
two (20.9%) patients had involvement of more than 1 
anatomical location. The characteristics of patients who 
tested negative or positive for acrylates were compared 
and are illustrated in Table I. Notably, patients testing 
positive for acrylates had a shorter disease duration of 1 
year and 4 months (± 1.74 years), compared with those 
testing negative, who had a duration of 3 years (± 4.09 
years) (p < 0.001).

Allergens 
As predicted, 2-HEMA was the most prevalent allergen, 
found in 3.4% of all tested patients and 85.6% of acrylate-
allergic patients who were tested with the ANS. The 
next most frequent allergens were hydroxypropyl me-
thacrylate (HPMA) and ethylene glycol dimethacrylate 
(EGDMA), which were positive in 85.0% and 80.4% of 
acrylate-allergic subjects, respectively. 

As previously indicated, since May 2019, our outpa-
tient clinic has utilized the updated EBS edition which 
includes 2-HEMA. During this period, we tested 1,591 
patients, 5.8% of whom (93/1591) exhibited a positive 
reaction to at least 1 of the acrylates, with the detection 
rate of 2-HEMA reaching 96.8%. In a parallel interval 
from February 2017 to April 2019, 3.9% (50/752) of 
all tested patients had acrylate ACD (p = NS), with a 
significantly lower detection rate of 2-HEMA (34.0%; 
p < 0.0001).

We aimed to characterize the patients who would have 
been missed if tested only for 2-HEMA. In our study, 
this group comprised 22 patients (14.4%). Among them 
15 patients were beauticians and 7 consumers. The most 
common allergens in this group were HPMA (18/22), fol-
lowed by EGDMA (16/22). Table II presents a compari-
son between the demographic and clinical characteristics 
of these 22 patients and patients who tested positive for 
2-HEMA as part of the ANS. The results revealed that 
individuals over the age of 40 were more likely to have 
allergy to acrylates other than 2-HEMA (p < 0.05).

Table I. Comparison of MOAHLFA index (14) profiles in patients 
suspected of nail acrylate contact dermatitis who tested positive 
and negative for the (Meth)Acrylate Series – Nails

Factor ANS positive (%) ANS negative (%) p-value

Male 0 0 N/A
Occupational dermatitis 58.2 9.9 < 0.001
Atopic dermatitis 3.9 8.6 0.07
Hand involvement 91.5 38.3 < 0.001
Leg involvement 3.9 10.7 < 0.05
Facial involvement 14.4 47.7 < 0.001
Age > 40 years 41.8 44.9 0.554

Bold values are statistically significant (p < 0.05). ANS: (Meth)Acrylate Series – 
Nails; N/A: not applicable.

http://medicaljournalssweden.se/actadv
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Occupation
We performed a subgroup comparison between beau-
ticians (n = 113) and consumers (n = 283) who were 
tested with the ANS. We found that 78.8% (89/113) 
of the beauticians had a positive patch test to at least 
1 acrylate, compared with only 22.6% (64/283) of 
consumers. Thus, occupational exposure to acrylates 
in beauty salons is a significant predictor of acrylate 
allergy in patients with suspected acrylate ACD, with 
an odds ratio of 12.7 (CI = 7.47 to 21.56, p < 0.0001; 
Fig. 1). The most common hapten among beauticians 
was HPMA (88.8%), followed by both 2-HEMA and 
EGDMA (83.1%). Consumers demonstrated a similar 
rate of 2-HEMA detection (89.1%), but with a lower 
prevalence of the other common allergens HPMA 
(79.7%) and EGDMA (76.6%), p = NS. The mean latency 
to diagnosis was similar among beauticians (1 year and 3 
months, SD ± 1.72) and consumers (1 year and 6 months, 
SD ± 1.69), p = NS.

DISCUSSION

The incorporation of 2-HEMA into the EBS raises a 
fundamental question regarding the criteria for adding 
the extended ANS along with the EBS. To address this 
question, we conducted a retrospective analysis of data 
from 396 patients who were tested for nail acrylate 
allergy at a single contact dermatitis clinic located in a 
large tertiary referral centre.

Our study reiterates the striking female predominance 
and the hands as the most frequent site of nail acrylate 
dermatitis (91.5%) among patients with ACD (4, 5). 
Age did not seem to be a risk factor for acrylate allergy, 
indicating that acrylate ACD can appear at any stage of 
life. Our data indicate a relatively short median duration 
from the time of initial symptoms to the time of diagno-
sis for patients with occupational exposure: 1 year. The 
data are similar to previously reported series and may be 
related to the severity of the cutaneous dermatitis induced 
by acrylates (4), as well as the high frequency of hand 
involvement compromising manual labour. It may also 
imply awareness among nail beauticians of the possible 
development of acrylate ACD.

In our cohort, 3.4% of all patch-tested patients were 
found to be positive for 2-HEMA, with a notable rise in 
recent years (Fig. 2). The overall incidence of 2-HEMA 
allergy in previously reported series throughout the 
last decade demonstrated a lower incidence in most of 
Europe, with rates ranging from 1.5% to 2.4% (1, 7, 15, 
16), while some countries, such as Spain, reported a hig-
her incidence at 4.3% (17, 18). Higher rates around 3.2% 
were also consistently observed in North America (19, 
20). Previous data support a high prevalence of acrylate 
allergy in Israel, with studies reporting rates ranging from 
above 5% to over 8% (21, 22). The high incidence rate 
in our population might be explained by several factors, 
including high popularity of acrylate-containing nail 
polish, improper use of protective measures as well as 
heightened awareness among both physicians and beau-
ticians. Moreover, the steady worldwide increase in the 
incidence of acrylate allergy has been widely reported 

Table II. A comparison of MOAHLFA (14) distribution of patients 
positive for 2-hydroxyethyl methacrylate and patients negative 
for 2-hydroxyethyl methacrylate but positive for at least 1 other 
acrylate allergen

Characteristic
2-HEMA positive 
(n = 131)

Nail acrylate allergy other 
than 2-HEMA (n = 22) p-value

Male (%) 0 (0.0) 0 (0.0) n/a
Occupational (%) 74 (56.5) 15 (68.1) 0.303
Atopic dermatitis (%) 3 (2.3) 3 (13.7) < 0.05
Hand involvement (%) 119 (90.8) 21 (95.5) 0.473
Leg involvement (%) 4 (3.5) 1 (4.5) 0.716
Facial involvement (%) 20 (15.3) 2 (9.1) 0.451
Age > 40 years (%) 29 (22.1) 10 (45.5) < 0.05
Average age (years) 38.56 38.0 0.894
Average duration of 
disease (years ± SD)

1.31 (± 1.71) 1.65 (± 1.89) 0.589

Bold values are statistically significant (p < 0.05).
ANS: (Meth) Acrylate Series – Nails; 2-HEMA: 2-Hydroxyethyl methacrylate.

Fig. 1. Occupational exposure in beauty salon exposure renders 
patients more likely, at an odds ratio of 12.7 (CI = 7.47 to 21.56, 
p < 0.0001), to test positive for acrylate. ANS: (Meth)Acrylate Series 
– Nails.

Fig. 2. Annual incidence of 2-hydroxyethyl methacrylate allergy 
among patients tested with the (Meth)Acrylate Series – Nails.

http://medicaljournalssweden.se/actadv
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(6, 15, 23, 24). Previous studies have shown that the 
2-HEMA patch test is highly effective in identifying acry-
late ACD, being able to detect approximately 85–93% of 
patients with acrylate allergy (2, 4, 21). However, some 
studies have reported lower detection rates ranging from 
63% to 73% (1, 25). Consistent with these findings, our 
cohort revealed that 2-HEMA was the most prevalent 
allergen, identifying 131 (85.6%) of the 153 patients with 
acrylate ACD. The other 2 most prevalent allergens were 
HPMA and EGDMA, both recognized for their tendency 
to cross-react with 2-HEMA (26). 

We attempted to characterize the 22 patients who 
displayed an allergic reaction to acrylates but tested 
negative for 2-HEMA. 2-HEMA-negative acrylate ACD 
patients in our cohort were more likely to be over 40 and 
had a higher prevalence of atopy than HEMA-positive 
patients, consistent with previous reports linking age 
over 30 to 2-HEMA negativity (18, 22). These findings 
suggest a potential necessity for more extensive testing 
in these individuals.

Next, we sought to pinpoint the allergens that would 
allow us to identify acrylate ACD accurately without 
subjecting patients to the complete ANS testing protocol. 
Of the patients with acrylate ACD who were not diag-
nosed by 2-HEMA, the 2 most common allergens were 
HPMA and EGDMA. Our results suggest that adding 
HPMA and EGDMA to 2-HEMA allows diagnosis of 
98.0% of all acrylate ACD patients. Similarly, a previous 
study in Italy also showed EGDMA as a common aller-
gen among acrylate ACD patients who tested negative 
for 2-HEMA (15). Hence, in practice, a more selective 
testing approach might be considered for patients sus-
pected of nail acrylate allergy. This approach would offer 
lower costs and minimize the discomfort of additional 
patches, as acrylates are known to cause persistent and 
intense vesicular reactions (8, 15, 16, 26). However, 
further research is warranted to investigate the potential 
utility of using the entire tray for patients with certain 
less common exposures, such as orthopaedic surgeries 
and industrial workers.

Occupational exposure as an aetiology of acrylate 
ACD was found in 89/153 (58.2%) of allergic patients, 
in line with a rate of 57% previously reported by a large 
European series (2). Beauticians had a high ratio of 
positive reactions to acrylates: 89 out of 113 (78.8%) 
were positive for at least 1 hapten. The usage of home 
kits and non-professional UV-curing nail polish further 
enhances the risk of developing acrylate sensitization 
(1, 27–29). This highlights the need to consider more 
effective preventive measures. For instance, in November 
2020, the EU Cosmetic Regulations restricted the use of 
2-HEMA for nail cosmetics to professional use only (EC 
1223/2009). Moreover, in the USA, recent legislation 
has been enacted in the form of the Modernization of 
Cosmetics Regulation Act of 2022 (MoCRA) regarding 
the regulation of personal care products by the Food and 

Drug Administration (FDA) (30). In Israel, however, 
these regulations have not yet been adopted. Given the 
limited efficacy of gloves as a preventive measure and 
the low compliance rate, alternative preventive measures 
with better efficacy should be considered (16, 31–34). 

Our study’s limitations include its retrospective design 
and usage of data files. Additionally, studies show mixed 
data regarding delayed reactions. While some studies 
report that up to 16% of patients exhibit delayed reactions 
to patch testing, with positive reactions only appearing 
on D7 or later, others have found no delayed reactions 
at all (15, 35). Therefore, without an additional delayed 
reading, there is a potential for underestimation of the 
proportion of positive tests for nail acrylate allergens.

In conclusion, testing for 2-HEMA as part of the pre-
sent EBS can detect about 85–90% of patients affected 
by nail acrylate ACD. The additional testing of HPMA, 
EGDMA, or both, can further enhance diagnostic 
accuracy to 98%. Consequently, while our findings 
require further validation through additional studies in 
diverse cohorts, we propose that the additive value of 
the entire extended ANS is limited, even when occu-
pational nail-acrylate allergy is suspected. Moreover, 
the increased prevalence of nail acrylate allergy and 
the high positivity rate among employees in the beauty 
industry warrant stricter regulations and the considera-
tion of preventive measures to minimize occupational 
acrylate allergy.
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