W) Check for updates

Received: 6 September 2021
DOI: 10.1111/cod.14166

Revised: 16 May 2022 Accepted: 27 May 2022

CONTACT

ORIGINAL ARTICLE v WILEY

Contact dermatitis in children caused by diabetes devices

Martin Mowitz? © |
Mette Sommerlund®

| Anne Bregnhgj'© |
| Klaus Ejner Andersen®*© |

Catarina Alves da Silva?!
Magnus Bruze?

1Department of Dermatology and
Venereology, Aarhus University Hospital,
Aarhus, Denmark

Abstract

Background: Insulin pumps and glucose monitoring devices improve diabetes mellitus
2Department Occupational and Environmental
Dermatology, Lund University, Skane
University Hospital, Malmo, Sweden

control and enhance patients' quality of life. However, a growing number of adverse
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Objective: To investigate the culprits of localized contact dermatitis in paediatric
patients with diabetes caused by insulin pumps and glucose monitoring devices.
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Results: Seven patients had positive patch test reactions to isobornyl acrylate (IBOA)
and five had positive reactions to benzoyl peroxide (BP). Positive patch test reactions
to materials from the glucose sensor and/or insulin pump were seen in 10 of the
15 patients. Three had positive reactions to adhesive remover wipe from Smith and
Nephew Remove and four had reactions to EMLA plaster.

Conclusion: A high share of patients showed positive reactions to IBOA and/or their
medical devices (insulin pumps or glucose devices). A third of patients showed posi-
tive reactions to BP. The presence of additional unidentified allergens cannot be
excluded, highlighting the importance of access to a full description of the chemical

composition of the devices.
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1 | INTRODUCTION

glucose measurement.®>* Conversely, FGM only provides glucose

measurement, when the user scans the sensor, and it does not

Since 2005, when the first insulin pump was introduced into the
American market,® several continuous subcutaneous insulin infu-
sion (CSII) sets and glucose sensors (GS) have become available to
patients with diabetes, improving disease control and enhancing
their quality of life (QoL).? There are two main categories of GS,
continuous glucose monitors (CGM) and flash glucose monitors
(FGM).3> CGM provides continuous glucose measurements and
triggers an alarm when defined limit values are exceeded,” how-
ever, there is a delay in the measurements when compared to blood

glucose and they require daily calibration against finger capillary

require calibration.®*

Nevertheless, a growing number of adverse cutaneous reactions
related to their usage has been reported, with apparently a higher inci-
dence in children according to some studies.®"® A Danish survey of
144 paediatric patients demonstrated that up to 90% of patients using
CSlI sets have experienced a skin problem.® Lombardo et al. have
found a prevalence of 8.4% skin reactions suggestive of allergic con-
tact dermatitis (ACD) among children and adolescents using diabetes
devices.® A recent Danish report demonstrated ACD in 76.3% of
patients referred for patch testing related to the use of GS and CSII.”
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Irritant contact dermatitis (ICD) and ACD are common findings
among patients with diabetes who use GS and CSI1,51°715 usually pre-
senting as annular erythematous lesions at the sites where the device
has been applied.”'° Compared to ACD, ICD usually has an earlier
presentation of symptoms. Nonetheless, the two types of reactions
can be clinically indistinguishable,” especially if the time between the
onset of symptoms and the start of using the devices is unknown.
Thus, patients undergo patch testing to identify the culprit of any
ACD. However, this task is complicated by the fact that manufac-
turers do not need to disclose the chemical composition of their

product.”**

2 | PATIENTS AND METHODS

Fifteen patients under the age of 18 years with diabetes mellitus
(DM) type | were referred to the Department of Dermatology and
Venereology, Aarhus University Hospital, Denmark, between
1 January 2018 and 30 June 2020, for investigation of cutaneous
reactions related to the use of GS and CSIl. Some patients had used
more than one GS and/or CSlI, having had reactions both to the previ-
ous and current devices (Table 1).

All patients were patch tested with the European baseline series
(TRUE TEST; SmartPractice), except patients under 12 years of age,
for whom a smaller paediatric baseline series*® (Chemotechnique
Diagnostics) was used. The baseline series was supplemented by a
‘device screening series’ (Table 2), including acrylates [including iso-
bornyl acrylate (IBOA) 0.3% (in four patients), 0.1% and 0.01%
obtained from the Malmé Department of Occupational and Environ-
mental Dermatology, Sweden, or the Department of Dermatology,
Aarhus University Hospital, through Sigma-Aldrich], other glue com-
ponents, topical corticosteroids, analgesics, disinfectants, and other
selected allergens (e.g., topical antibiotics), if not already present in the
baseline series, following exposure analysis. The information provided
by the manufacturer, such as chemical composition, and different parts
of the devices concerning GS and CSlI ingredients was insufficient. We
obtained information regarding ingredients in topical treatments, wipes
and emollients, and the patients were patch tested with identified rele-
vant allergens as well. The patch tests were applied for 48 h to the
upper back using 8-mm Finn Chambers (SmartPractice) on Scanpor
tape Norgesplaster (AlfaCare Danmark APS). Readings were made on
Days (D) 3 and 7, according to the guidelines from the European Soci-
ety of Contact Dermatitis.” As some allergens such as acrylates often
give late-appearing reactions, D7 readings were mandatory.2®

As we did not retrieve any additional useful information after
contact with the manufacturer to guide our clinical work-up, a Free-
Style Libre sensor 1 and an Omnipod pump belonging to patient num-
ber six were extracted and analysed by gas chromatograpy-mass
spectrometry (GC-MS) for the presence of IBOA at the Department
of Occupational and Environmental Dermatology, Skane University
Hospital, Malmo, Sweden.*’

Clinical procedures were conducted in accordance with the cur-

rent Helsinki Declaration.
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3 | RESULTS

A total of 15 patients, 8 boys and 7 girls, with a mean age of 9.3 years
(5-17 years) were investigated. All of them presented similar cutane-
ous reactions with circular erythematous and scaling dermatitis in
areas where their GS or insulin pump had been applied (Figure 1).
Most of the patients described accompanying itching and oozing in
addition to post-inflammatory hyperpigmentation. Bleeding, second-
ary infection, scarring, and pain were also observed. All patients
received treatment with topical corticosteroids and moisturizers. In
cases of secondary infection, a combination of topical corticosteroids
and antibiotics was prescribed.

Seven patients had used the FreeStyle Libre sensor from Abbott,
five the Enlite sensor from Medtronic, and the remaining three had
used the G6 sensor from Dexcom. Four of the patients had previously
used other GS; three had used Freestyle Libre and one Enlite
(Table 1). Omnipod CSII (Insulet Corporation) was used by five
patients, three patients did not use a CSII, two used Insuflon
(IntraPump Infusion Systems), two used the Minimed 604G CSlI
(Medtronic), two used the Medtronic MiniMed Quick-set, and one
used the Tandem t:slim X2 (Rubinmedical) (Table 1). Of the
15 patients, 2 had changed CSIlI devices; one from Insuflon to
Omnipod and another from Animas Vibe by the Animas Corporation
to Tandem t:slim X2 (Table 1). Only 2 of the 15 patients had a per-
sonal history of atopic dermatitis. Of the 15 patients, 5 had positive
patch test reactions to IBOA 0.1%. One also had a positive to IBOA
0.01% and further two had doubtful positive reactions.

Three of seven patients using the FreeStyle Libre had a positive
reaction to IBOA 0.1%. Two of three patients with reactions to Enlite
GS had positive reactions to IBOA 0.1% and one had a doubtful reac-
tion. Two using Dexcom G6é had a doubtful reaction to IBOA
(Table 1).

Patients with negative or doubtful reactions to IBOA 0.1% were
offered supplementary patch tests with IBOA 0.3%, and four agreed
to participate (Patients 1, 5, 14, and 15). Patient 5 had + reaction on
D3 and ++ reaction on D7, patient 14 had ?+ reaction on D3 and +
reaction to IBOA 0.3% on D7, whereas patient 15 had a follicular
reaction on both D3 and D7. Patient 1 remained negative at
0.3% IBOA.

Some of the patients had additional positive reactions to aller-
gens in the European baseline series. Notably, three had positive
reactions to the sesquiterpene lactone (SL) mix, all with simulta-
neous positive reactions to IBOA. Five patients had reactions to
benzoyl peroxide (BP) 1% from the device series (Table 1). Of the
15 patients, 10 showed positive reactions to material from their
sensor and/or insulin pump tested as is. Interestingly, three had
positive reactions to Adhesive Remover Wipe from Smith and
Nephew and four had reactions to EMLA Plaster (Aspen Nordic,
AstraZeneca) (Table 1).

The GC-MS analyses demonstrated the presence of IBOA in both
the FreeStyle Libre sensor and the Omnipod pump from Patient
6. Although these analyses were focused on IBOA, there was no obvi-

ous presence of BP in the analysed extracts.

85U80|7 SUOWLLIOD 3ARea.D 8|qedl|dde ays Aq peusenob a1e Sspie YO ‘@SN JO S9N 1o A%iqi]8UIIUO /8|1 UO (SUORIPUOD-pUe-SWLR} W00 A3 1M ARe1q 1 BUl|UO//:SANY) SUORIPUOD pUe swie 1 8yl 8eS *[2z0z/TT/50] uo ArigiTauliuo Ae|im ‘oodeAlT JO AsAIUN AQ 99THT POO/TTTT OT/I0P/L00 A8 1w AreJq iUl UO//SdNY WOy papeoumod ‘G ‘220z ‘9850009T



16000536, 2022, 5, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/cod.14166 by University Of Liverpool, Wiley Online Library on [05/11/2022]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

2 'sadIm juedsjuisiq,
L "PIO|[020IPAH,,
> ‘a8epueq aAISaypy,
M 'soisajeuy,,
a 'S9dIM J9A0WSI SAISYPY,
m “XIW Je} pOOM ‘] A ‘@3ejAudelp |02A|3 susjAylan] ‘YOI L 4a3seld uide] ‘d] ‘abuidifjo wnapxpiv |
< ‘Ol ‘weaud uide] ‘O] ‘Buojde| suadialinbsas ‘Xiw-1§ BpLIo|Y204pAY auledojud ¥d ‘SapixosadAXolpAy [oojeul| “]7-X0 {pa3sal Jou ‘| N ‘dqedljdde jou ‘yN [MI3 ‘O ‘uolydeal Jejndj|joy) ‘4 D3ejAideouehd Ayl
‘¥D3 ‘wnjuoydo|od 1) ‘weaud Jalileq uojiae) Q) ‘aulelaq |Adosdopiwedod ‘g) ‘uisad pAyaplewoljoud)jAing-1al-d ‘4g apixosad |Aozuaq ‘dg {joyod|e |Azuaq ‘g ‘Aoq ‘g ‘siirewusp didoje ‘qQy suoljeinaiqqy
2Sadim
MaydaN pue ypws ¢+
,sadim yosind ¢+ - - - 4 + + - - + -/podiuwQ -/99 wodxaQg S5 8 ST
SqIA
HoIseld NG + Vo3 + - et + + + - - - Sewluy/ZX wi|s:} wapue] -/9DwWodxeqg 9 /£ 14’
da + a4qn
£52dIm maydaN pue yrws + va + et et 1IN - + - it - =/9%09 PAINIUIN 9|A1593.14/99D wodxaQg a 9 €T
vas3ayl +
O+
pwsponq ¢+ a5+ - - 1IN - - - + - =/9%09 PINIUIN —/3H|u3 9 0T ¢l
- - - + 1IN - - - - et =/395-2IND PINIUIN a.qr7 91A159944/93|u3 a v T
- da + - + 1IN - - + + - uojynsul/podiuwio a.q17 91A159944/93|u3 a 11 (0]
pwispong + - - et 1IN - - - - + =/395-12IND PANIUIN —-/3H|u3 a g 6
qo1seld VNG + ¥g + - - 1IN VN VN - - - -/= —/3H|u3 a €1 8
qdL T+
Q._Emm_g VINT ++ Ad + - - IN + + +++ +++  +++ -/uopnsuj -/31q17 9)A1593.44 9 4 /
£SadIM maydaN pue yHws Y|
D._wumm_a VINT ++ dg9 +
5158IdOSNAL + Xjw-1s + &t ++ 1IN - - - - &t -/podiuwo -/21q17 9jA1593.4 g 8 9
oSodim maydaN pue yrws + dg +
QL+ T1-%o + - &t ++ VN VN - - + =/ -/21q17 9jA1593.4 g 8 S
- dg +
Mm quean vNg + Xjw-1s + 1IN + 1IN - - - - - -/uojnsuj /21917 3]A3593.4 9 11 14
MA 1IN - - - 1IN - - - - - -/podiuwo /34917 3jA1593.14 9 /1 €
OW XIw-1S +
e M+
SodIM maydaN pue ypws + oL+ + + 1IN VN VN - ++ + =/- a)1|u3 /24917 91415934 9 6 [4
H - - - - - - + - - - -/podiuwo -/24q17 3|A1593.4 9 T T
- spnpoud umQ suadiglle %T00 %IT'0 %E0 49sed onsed ano Jajseid onseld 11SD snoiAaid/juaiin) SO snoiaaud/yuaun) @y J9pusn a8y ‘ou
et Asejuswisjddns  yogl voal vosdi (1150 2 | 0] SO SO SO jusijed
W £@ s)nsa1 353} yojed

408

S9119S SUIUS3JS IDIASP pue s3npoad umo
\Sjuaned ‘s39s (]|SD) uolsniul uliNsuUl SNOSUBINIGNS SNONUIIUOD (SO) J0SUas 9502N|3 ‘suadsa||e Atejuaws|ddns (Sg3) sa1Ias auljaseg ueadoand syl Jo s3nsad 1591 yoled pue saiydes3owsqg

T 37avl



ALVES DA SILVA ET AL.

TABLE 2 Device screening series

Glue components? Colophonium
Abietic acid
Abitol
Woodtar mix

Benzoyl peroxide

Ethyl cyanoacrylate®
HEMAP
IBOA®

Acrylates

Betamethasone 17-valerate®

Triamcinolone acetonide®
Alclometasone-17,21-dipropionate®
Clobetasol-17-propionate®

Dexamethasone 21-phosphate disodium salt®
Hydrocortisone®

Prednisolone®

Desoximetasone®

Mometasone furoate®

Topical steroids

Benzocaine

Lidocaine hydrochloride
Procaine hydrochloride
Tetracaine hydrochloride
Cinchocaine hydrochloride
Prilocaine hydrochloride
Polidocanol

Amylocaine hydrochloride

Topical analgesics®

Chorhexidine digluconate®
Chlorhexidine diacetat®
Fusidic acid sodium salt*

Topical disinfectants

Other allergens® Nickel
Sesquiterpene lactone mix
Benzyl alcohol
Hydroquinone

Abbreviations: HEMA, hydroxyethylmethacrylate; IBOA, isobornyl
acrylate.

2SmartPractice.

bChemotechnique Diagnostics.

“Sigma-Aldrich.

FIGURE 1 Severely excoriated allergic contact dermatitis in an
area, where the Omnipod insulin pump previously was placed and in
close proximity around device (Patient number 6)
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4 | DISCUSSION

We here present our approach to patch testing, including our device
test series, in the management of children with cutaneous adverse
reactions from diabetes devices.

Several clinical dermatological manifestations can be presented in
patients using diabetes devices. CSll can lead to lipodystrophy,2® how-
ever, none of our patients presented that symptom. ICD can be
elicited by chemical irritants, physical irritation due to the repetitive
removal of adhesive materials, moisture accumulation under the medi-
cal device,*® and a reaction to the plaster itself, which causes direct
cutaneous injury‘8 ACD may be due to allergens in the devices.?* ICD
usually has a more abrupt presentation of symptoms, but since all our
15 patients had similar clinical presentations, it was not possible to
establish the difference between ACD and ICD solely based on clinical
presentation.

Several studies have described the different allergens present in
various sensors and pumps: IBOA and N,N-dimethylacrylamide have
been found in FreeStyle Libre; IBOA, N,N-dimethylacrylamide and
colophonium in the Medtronic Enlite Sensor; 2-ethyl cyanoacrylate
and 2,2'-methylenebis (6-tert-butyl-4-methylphenol) monoacrylate in
the Dexcom Platinum G4 sensor and the Dexcom Gé sensor, respec-
tively. IBOA was also found in the Dexcom Gé sensor. Furthermore,
IBOA, dipropylene glycol diacrylate and colophonium have been
found in the Omnipod CSII. In the Paradigm MiniMed Quick-Set insu-
lin infusion set, IBOA has also been identified.2%191322-27 Fyrther-
more, ICD elicited by repeated device application may promote the
development of ACD by diminishing the integrity of the skin barrier,
thereby increasing the presentation of allergens to the skin's immune
system. Other factors such as allergenic potency, the concentration of
the allergen in the device, and period of use can also affect the devel-
opment of ACD.2>%8

Nonetheless, one cannot exclude that additional allergens are
present, but have yet to be identified.2%2? When patients do not pre-
sent positive reactions on patch testing and suspicion of ACD is high,
a use test may be performed, keeping in mind that both IBOA and
DMAA are present at a lower concentration in the medical devices,
which hampers use test.2?2?731 Such a use test will help demonstrate,
whether the exposure to the medical device is clinically relevant or
not. However, a positive use test will not always distinguish between
an ICD and a weak ACD. It is important to combine patient history,
pre-existing contact allergies, previously use of GS and CSII devices,
the lag time before developing symptoms after introducing the
devices and skin morphology with the test results. Many patients use
the GS or CSlI devices in the same areas after a rotation scheme and
tissue-resident T cells are likely to be involved in the local allergic skin
reaction. A use test in a previously exposed, healed skin area, might
reveal weak ACD when compared with a standard patch test proce-
dure or use test in non-exposed skin areas.

Acrylates are potent sensitizers and several of them, including
IBOA and DMAA, are acknowledged to be present within both the
diabetic devices and in the adhesives. These allergens migrate through

the devices to the skin, inducing ACD regardless of barrier methods in
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= | wiLey- B
some patients.2172528:32-34 A o standardized IBOA patch test con-
centration is yet settled, we performed a patch test with IBOA 0.01%
and 0.1% IBOA, to explore a possible dose-related patch test reaction,
Though, a recent Swedish study suggested that patients should be
tested with IBOA and DMAA at a concentration of 0.3% to avoid
false-negative reactions.'??’ As only five of our patients had positive
reactions to IBOA 0.1%, we invited patients with a negative reaction
to IBOA to supplementary patch test with 0.3% IBOA. Among the
four patients who were re-tested, two had positive reactions to IBOA
0.3%, confirming the findings of the Swedish group.

Of particular interest, one-third of the patients had a positive
reaction to BP of 1%. This substance is known as a strong irritant
and a weak allergen. However, ACD has been described with a
reported incidence of up to 6.5% within the population that has
been exposed to it.>> BP is used for several purposes such as topi-
cal medication for acne treatment, treatment of leg ulcers, dental
surgery, hair bleaching, and teeth whitening agents, among
others.®>=38 Al five patients were under the age of 12 (6-11) years
of age. It is therefore hardly probable that they had been sensitized
through the usage of anti-acne treatments. The medical records of
the patch test-positive patients showed no prescribed medicine con-
taining BP. The GC-MS analyses of the FreeStyle Libre sensor
1 and the Omnipod pump demonstrated the presence of IBOA, but
no obvious presence of BP in the analysed extracts. However, it is

38,39 and

known that BP may be present in stretch or adhesive tapes
we may therefore consider these a possible allergen source. Fur-
thermore, one can hypothesize the potential use of BP as a catalyst
in the acrylate polymerization process and the potential presence of
residues in the diabetes devices.

Three of our patients who use FreeStyle Libre and had positive
reactions to IBOA had a concomitant positive reaction to SL (Patient
numbers 2, 4 and 6). Two of these had the same reaction strength to
both allergens, while Patient number 6 had a stronger reaction to
IBOA at 0.1%. However, none of the patients had relevant exposure
to SL. Similar results have previously been reported in the litera-

tu re28,33,40

and this reaction pattern remains a puzzle. Some hypothe-
size cross-reactivity with IBOA acting as a primary sensitizer.2®

Patient number 12 had a + reaction to colophonium and a doubt-
ful reaction to Duoderm. This allergen has been identified in Duoderm
Extra Thin** and a recent Canadian study documented its presence in
wipes used to clean and prime the skin before applying the glucose
monitor.*?> Moreover, it might be contained in the adhesives of both
the Omnipod CSlI, the Enlite GS,** and Dexcom G6.%3 Colophonium
can be used in an unmodified or modified form, the first being
included in our device screening series (Table 2). It has previously
been demonstrated that to detect ACD to hydrocolloids, patients
need to be patch tested with the modified form, since reactions to
unmodified colophonium can remain negative, in case modified colo-
phonium is the culprit.** Sensitization to colophonium can conse-
quently be problematic for the patients, given its widespread
presence.

Many patients use different strategies, such as barrier creams or

dressings,>1%20:23304145-47 4 continue using GS and CSlI, despite

their cutaneous reactions, However, these products are also able to
induce both ACD and ICD. Four of our patients had a positive patch
test reaction to EMLA plaster and one to EMLA cream, which is a local
anaesthetic composed of lidocaine and prilocaine. Patients often use
these products to diminish pain and discomfort associated with the
application of diabetes devices. Although cutaneous adverse reactions
are uncommon, reports exist of ACD to lidocaine and prilocaine, in
relation to EMLA*® as well as ICD.*?*° One of our patients had a +
reaction to prilocaine (no. 7), another had a +? reaction to prilocaine
(no. 6), whereas the remaining three patients had negative reactions
to lidocaine and prilocaine.

Cavilon barrier film, which is often used to prevent skin irritation,
may also cause contact dermatitis.>* Nevertheless, its application can
be reconsidered, as a recent study has demonstrated no benefit from
it.>2 A German article from 2019 demonstrated that Hansaplast blister
plaster prevents ACD symptoms.*®

Only 2 of our 15 patients had a personal history of atopic derma-
titis, which coincides with the results of a recent Italian study in which
atopic predisposition was not associated with the development of
ACD among patients with DM type 1.2

Skin problems may cause the patients to discontinue using their
device. 1415202533 Four of our patients had changed GS devices due
to intense cutaneous manifestations. One of these had simultaneously
changed CSII (Patient 10). One of the patients had switched CSlI
alone. Finding a suitable alternative may be difficult, principally
because the same allergens may be present in other devices and due
to the risk of cross-reactivity.*®

The primary limitation to the study is its retrospective nature with
potentially missed sensitizations, the limited number of paediatric
patients and like many other departments of dermatology, we do not
have technical resources to perform batch-related chemical analyses
of the devices.

Diabetes devices improve and simplify glucose control®® reducing
the impact of the disease in patients, especially in children. Cutaneous
adverse reactions will therefore reduce patients' QoL and their adher-
ence and compliance to treatment, and children tend to build a nega-
tive connotation to their treatment. These reactions will also have a
negative impact on the family's daily life, particularly when the child
needs to start using finger-stick glucose monitoring, which also
reduces glucose control compared with continuous glucose monitor-
ing. Switching from a CSllI to insulin injections is also a factor that may
negatively affect disease control and QoL. Furthermore, sensitization
to cross-reacting substances may cause additional problems in
patients' lives.®® Finally, managing ACD symptoms with plasters or
creams is associated with an economic burden to the patients and
may influence the proper functioning of the GS. Moreover, these
products may also elicit contact dermatitis.

Thus, it is important for medical professionals to have access to
detailed product descriptions including their chemical composition in
order to make appropriate patch testing, give advice to patients, and
provide alternatives in case of allergies. Mandatory labelling of ingre-
dients in medical devices is required before the products enter the

market, preferably accelerated by legislation.
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5 | CONCLUSION

Forty-six percent of patients showed positive reactions to IBOA, but
occasionally only to IBOA 0.3% patch test concentration. Moreover,
an even higher share of patients showed positive (morphologically
contact-allergic) patch test reactions to their own medical devices,
insulin pumps and/or glucose devices, indicating that hitherto uni-
dentified allergens are still of importance. Of particular interest, we
observed that a third of our patients showed a positive reaction to
BP, without any known exposure, and thus currently without any rele-
vance. Furthermore, 80% of patients showed additional positive reac-
tions to a wide range of other products, used together with their
diabetes devices, including (adhesive/remover) wipes, (analgesic)
plasters and creams, barrier creams and (hydrocolloid) dressings,
many of these products being medical devices themselves. Overall,
our experience once more highlights the importance of having
access to a full description of the chemical composition of diabetes
devices, and related medical devices, to efficiently manage patients
(including children), who experience adverse skin reactions from
such devices.

AUTHOR CONTRIBUTIONS

Catarina Alves da Silva: Conceptualization (equal); data curation
(lead); formal analysis (equal); investigation (equal); methodology
(equal); project administration (lead); resources (equal); software
(supporting); validation (equal); visualization (equal); writing - original
draft (lead); writing - review and editing (lead). Anne Bregnhgj: Con-
ceptualization (equal); data curation (supporting); formal analysis
(equal); investigation (equal); methodology (equal); project administra-
tion (supporting); resources (equal); software (supporting); supervision
(supporting); validation (equal); visualization (equal); writing - original
draft (supporting); writing - review and editing (supporting). Martin
Mowitz: Conceptualization (supporting); formal analysis (supporting);
investigation (supporting); methodology (supporting); resources
(supporting); writing - original draft (supporting); writing - review and
editing (supporting). Magnus Bruze: Formal analysis (supporting); writ-
ing - original draft (supporting); writing - review and editing
(supporting). Klaus Ejner Andersen: Formal analysis (supporting); writ-
ing - original draft (supporting); writing - review and editing
(supporting). Mette Sommerlund: Conceptualization (equal); data
curation (equal); formal analysis (equal); investigation (equal); method-
ology (equal); project administration (supporting); resources (equal);
software (supporting); supervision (lead); validation (equal); visualiza-
tion (equal); writing - original draft (supporting); writing - review and

editing (supporting).

ACKNOWLEDGEMENT

The authors take this opportunity to express their gratitude to medical
laboratory technologist Gitte Tolstrup @stergaard for her invaluable
help with the preparation of patch testing allergens and patch testing.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.

CONTACT a1
DERMATITISENAL LEY_L“t

DATA AVAILABILITY STATEMENT

Data available on request due to privacy/ethical restrictionsThe data
that support the findings of this study are available on request from
the corresponding author. The data are not publicly available due to

privacy or ethical restrictions.

ORCID

Catarina Alves da Silva "2 https://orcid.org/0000-0002-7380-6959
https://orcid.org/0000-0002-9308-7074
https://orcid.org/0000-0001-6172-9274
https://orcid.org/0000-0002-2919-3227

https://orcid.org/0000-0002-6181-824X

Anne Bregnhgj
Martin Mowitz
Magnus Bruze
Klaus Ejner Andersen

REFERENCES

1. Oppel E, Hogg C, Summer B, Ruéff F, Reichl FX, Kamann S. Isobornyl
acrylate contained in the insulin patch pump OmniPod as the cause of
severe allergic contact dermatitis. Contact Dermatitis. 2018;79(3):178-
180. doi:10.1111/cod.13017

2. Hartsough EM, Hylwa SA. Wearable woes: allergens in diabetic devices.
Dermatitis. 2021;32(1):19-31. doi:10.1097/DER.0000000000000673

3. Yajima T, Takahashi H, Yasuda K. Comparison of interstitial fluid glu-
cose levels obtained by continuous glucose monitoring and flash glu-
cose monitoring in patients with type 2 diabetes mellitus undergoing
hemodialysis. J Diabetes Sci Technol. 2020;14(6):1088-1094. doi:10.
1177/1932296819882690

4. Staal OM, Hansen HMU, Christiansen SC, Fougner AL, Carlsen SM,
Stavdahl @. Differences between flash glucose monitor and
Fingerprick measurements. Biosensors. 2018;8(4):93. doi:10.3390/
BIOS8040093

5. Heinemann L, Freckmann G. CGM versus FGM; or, continuous glu-
cose monitoring is not flash glucose monitoring. J Diabetes Sci
Technol. 2015;9(5):947-950. doi:10.1177/1932296815603528

6. Berg AK, Olsen BS, Thyssen JP, et al. High frequencies of dermatolog-
ical complications in children using insulin pumps or sensors. Pediatr
Diabetes. 2018;19(4):733-740. doi:10.1111/pedi.12652

7. Simonsen AB, Thyssen JP, Gyldenlgve M, et al. Ugeskriftet.dk. Ugeskr
Leger. 2020. Accessed September 15, 2020. https://ugeskriftet.dk/
allergisk-kontakteksem-ved-anvendelse-af-insulinpumper-og-
glukosesensorer-hos-born-med-diabetes

8. Lombardo F, Salzano G, Crisafulli G, et al. Allergic contact dermatitis
in pediatric patients with type 1 diabetes: an emerging issue. Diabetes
Res Clin Pract. 2020;162:108089. doi:10.1016/j.diabres.2020.108089

9. Ahrensbgll-Friis U, Simonsen AB, Zachariae C, Thyssen J, Johansen J.
Contact dermatitis caused by glucose sensors, insulin pumps, and
tapes: results from a 5-year period. Contact Dermatitis. 2021;84(2):
75-81. doi:10.1111/cod.13664

10. Herman A, de Montjoye L, Baeck M. Adverse cutaneous reaction to
diabetic glucose sensors and insulin pumps: irritant contact dermatitis
or allergic contact dermatitis? Contact Dermatitis. 2020;83(2):25-30.
doi:10.1111/cod.13529

11. Nath N, Reeder M, Atwater AR. Isobornyl acrylate and diabetic
devices steal the show for the 2020 American Contact Dermatitis
Society Allergen of the year. Cutis. 2020;105(6):283-285. doi:10.
12788/cutis.0014

12. Ulriksdotter J, Svedman C, Bruze M, et al. Contact dermatitis caused
by glucose sensors—15 adult patients tested with a medical device
patch test series. Contact Dermatitis. 2020;83(4):301-309. doi:10.
1111/cod.13649

13. Svedman C, Ulriksdotter J, Lejding T, Bruze M, Mowitz M. Changes in
adhesive ingredients in continuous glucose monitoring systems may
induce new contact allergy pattern? Contact Dermatitis. 2021;84(6):
439-446. doi:10.1111/cod.13781

85U80|7 SUOWLLIOD 3ARea.D 8|qedl|dde ays Aq peusenob a1e Sspie YO ‘@SN JO S9N 1o A%iqi]8UIIUO /8|1 UO (SUORIPUOD-pUe-SWLR} W00 A3 1M ARe1q 1 BUl|UO//:SANY) SUORIPUOD pUe swie 1 8yl 8eS *[2z0z/TT/50] uo ArigiTauliuo Ae|im ‘oodeAlT JO AsAIUN AQ 99THT POO/TTTT OT/I0P/L00 A8 1w AreJq iUl UO//SdNY WOy papeoumod ‘G ‘220z ‘9850009T


https://orcid.org/0000-0002-7380-6959
https://orcid.org/0000-0002-7380-6959
https://orcid.org/0000-0002-9308-7074
https://orcid.org/0000-0002-9308-7074
https://orcid.org/0000-0001-6172-9274
https://orcid.org/0000-0001-6172-9274
https://orcid.org/0000-0002-2919-3227
https://orcid.org/0000-0002-2919-3227
https://orcid.org/0000-0002-6181-824X
https://orcid.org/0000-0002-6181-824X
info:doi/10.1111/cod.13017
info:doi/10.1097/DER.0000000000000673
info:doi/10.1177/1932296819882690
info:doi/10.1177/1932296819882690
info:doi/10.3390/BIOS8040093
info:doi/10.3390/BIOS8040093
info:doi/10.1177/1932296815603528
info:doi/10.1111/pedi.12652
https://ugeskriftet.dk/allergisk-kontakteksem-ved-anvendelse-af-insulinpumper-og-glukosesensorer-hos-born-med-diabetes
https://ugeskriftet.dk/allergisk-kontakteksem-ved-anvendelse-af-insulinpumper-og-glukosesensorer-hos-born-med-diabetes
https://ugeskriftet.dk/allergisk-kontakteksem-ved-anvendelse-af-insulinpumper-og-glukosesensorer-hos-born-med-diabetes
info:doi/10.1016/j.diabres.2020.108089
info:doi/10.1111/cod.13664
info:doi/10.1111/cod.13529
info:doi/10.12788/cutis.0014
info:doi/10.12788/cutis.0014
info:doi/10.1111/cod.13649
info:doi/10.1111/cod.13649
info:doi/10.1111/cod.13781

412 CONTACT
“2 | WILEY DERMATITIS

14.

15.

16.

17.
18.
19.

20.

21.
22.

23.

24,
25.

26.

27.
28.

29.

ALVES DA SILVA ET AL

Wong JC, Foster NC, Maahs DM, et al. Real-time continuous glucose
monitoring among participants in the T1D exchange clinic registry.
Diabetes Care. 2014;37(10):2702-2709. doi:10.2337/dc14-0303
Lombardo F, Passanisi S, Caminiti L, et al. High prevalence of skin
reactions among pediatric patients with type 1 diabetes using new
technologies: the alarming role of Colophonium. Diabetes Technol
Ther. 2020;22(1):53-56. doi:10.1089/dia.2019.0236

Simonsen AB, Johansen JD, Deleuran M, Mortz CG, Skov L,
Sommerlund M. Children with atopic dermatitis may have
unacknowledged contact allergies contributing to their skin symp-
toms. J Eur Acad Dermatol Venereol. 2018;32(3):428-436. doi:10.
1111/jdv.14737

Johansen JD, Aalto-Korte K, Agner T, et al. European Society of Con-
tact Dermatitis guideline for diagnostic patch testing - recommenda-
tions on best practice. Contact Dermatitis. 2015;73(4):195-221. doi:
10.1111/cod.12432

Isaksson M, Lindberg M, Sundberg K, Hallander A, Bruze M. The
development and course of patch-test reactions to 2-hydroxyethyl
methacrylate and ethyleneglycol dimethacrylate. Contact Dermatitis.
2005;53(5):292-297. doi:10.1111/J.0105-1873.2005.00705.X
Herman A, Aerts O, Baeck M, et al. Allergic contact dermatitis caused
by isobornyl acrylate in freestyle® libre, a newly introduced glucose
sensor. Contact Dermatitis. 2017;77(6):367-373. doi:10.1111/cod.
12866

Messer LH, Berget C, Beatson C, Polsky S, Forlenza GP. Preserving
skin integrity with chronic device use in diabetes. Diabetes Technol
Ther. 2018;20(S2):5254-5264. doi:10.1089/dia.2018.0080

Kamann S, Aerts O, Heinemann L. Further evidence of severe allergic
contact dermatitis from isobornyl acrylate while using a continuous
glucose monitoring system. J Diabetes Sci Technol. 2018;12(3):630-
633.doi:10.1177/1932296818762946

Raison-Peyron N, Mowitz M, Bonardel N, Aerts O, Bruze M. Allergic
contact dermatitis caused by isobornyl acrylate in OmniPod, an inno-
vative tubeless insulin pump. Contact Dermatitis. 2018;79(2):76-80.
doi:10.1111/cod.12995

Mowitz M, Fornander L, Hosseiny S, Ryberg K, Bruze M. Patch
testing with isobornyl acrylate in 16 swedish patients with con-
tact dermatitis from glucose sensors and/or insulin pumps. Acta
Derm Venereol. 2019;99(13):1286-1287. doi:10.2340/00015555-
3256

Herman A, de Montjoye L, Tromme |, Goossens A, Baeck M. Allergic
contact dermatitis caused by medical devices for diabetes patients: a
review. Contact Dermatitis. 2018;79(6):331-335. doi:10.1111/cod.
13120

Kamann S, Oppel E, Liu F, Reichl FX, Heinemann L, Hégg C. Evalua-
tion of isobornyl acrylate content in medical devices for diabetes
treatment. Diabetes Technol Ther. 2019;21(10):546-556. doi:10.1089/
dia.2019.0163

Ulriksdotter J, Svedman C, Bruze M, Mowitz M. Allergic contact derma-
titis caused by dipropylene glycol diacrylate in the OmniPod® insulin
pump. Br J Dermatol. 2022;186(2):334-340. doi:10.1111/BJD.20751
Herman A, Baeck M, de Montjoye L, et al. Allergic contact dermatitis
caused by isobornyl acrylate in the Enlite glucose sensor and the par-
adigm MiniMed Quick-set insulin infusion set. Contact Dermatitis.
2019;81(6):432-437. doi:10.1111/cod.13374

Dendooven E, Foubert K, Goossens A, et al. Concomitant positive
patch test reactions in FreeStyle-allergic patients sensitized to iso-
bornyl acrylate. Contact Dermatitis. 2021;84(3):166-174. doi:10.
1111/cod.13706

Ulriksdotter J, Mowitz M, Svedman C, Bruze M. Patch testing and
diagnosis when suspecting allergic contact dermatitis from medical
devices. Contact Dermatitis. 2020;83(4):333-335. doi:10.1111/cod.
13650

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Mowitz M, Herman A, Baeck M, et al. N,N-dimethylacrylamide—a
new sensitizer in the FreeStyle Libre glucose sensor. Contact Dermati-
tis. 2019;81(1):27-31. doi:10.1111/c0d.13243

Herman A, Baeck M, de Montjoye L, et al. Allergic contact dermatitis
caused by isobornyl acrylate in the Enlite glucose sensor and the par-
adigm MiniMed Quick-set insulin infusion set. Contact Dermatitis.
2019;81(6):432-437. doi:10.1111/cod.13374

Aschenbeck KA, Hylwa SA. A diabetic's allergy: ethyl cyanoacrylate in
glucose sensor adhesive. Dermatitis. 2017;28(4):289-291. doi:10.
1097/DER.0000000000000281

Svedman C, Bruze M, Antelmi A, et al. Continuous glucose monitoring
systems give contact dermatitis in children and adults despite efforts
of providing less “allergy- prone” devices investigation and advice
hampered by insufficient material for optimized patch test investiga-
tions. J Eur Acad Dermatol Venereol. 2021;35(3):730-737. doi:10.
1111/jdv.16981

Khatsenko K, Khin Y, Maibach H. Allergic contact dermatitis to com-
ponents of wearable adhesive health devices. Dermatitis. 2020;31(5):
283-286. doi:10.1097/DER.0000000000000575

Ockenfels HM, Uter W, Lessmann H, Schnuch A, Geier J. Patch test-
ing with benzoyl peroxide: reaction profile and interpretation of posi-
tive patch test reactions. Contact Dermatitis. 2009;61(4):209-216.
doi:10.1111/j.1600-0536.2009.01603.x

Corazza M, Amendolagine G, Musmeci D, Forconi R, Borghi A. Some-
times even Dr Google is wrong: an unusual contact dermatitis caused
by benzoyl peroxide. Contact Dermatitis. 2018;79(6):380-381. doi:10.
1111/cod.13086

Adelman M, Mohammad T, Kerr H. Allergic contact dermatitis due to
benzoyl peroxide from an unlikely source. Dermatitis. 2019;30(3):
230-231. doi:10.1097/DER.0000000000000470

Sandre M, Grant SS. A case of a paediatric patient with allergic con-
tact dermatitis to benzoyl peroxide. J Cutan Med Surg. 2018;22(2):
226-228. doi:10.1177/1203475417733462

Greiner D, Weber J, Kaufmann R, Boehncke WH. Benzoyl peroxide
as a contact allergen in adhesive tape. Contact Dermatitis. 1999;41(4):
233.doi:10.1111/J.1600-0536.1999.TB06146.X

Herman A, Mowitz M, Aerts O, et al. Unexpected positive patch test
reactions to sesquiterpene lactones in patients sensitized to the glu-
cose sensor FreeStyle libre. Contact Dermatitis. 2019;81(5):354-367.
doi:10.1111/cod.13330

Shinkawa E, Washio K, Tatsuoka S, Fukunaga A, Sakaguchi K,
Nishigori C. A case of contact dermatitis caused by isobornyl acrylate
in FreeStyle libre: the usefulness of film-forming agents. Contact Der-
matitis. 2019;81(1):56-57. doi:10.1111/cod.13239

Huang C, DeKoven J. An unexpected source of glucose monitor-
associated allergic contact dermatitis. Contact Dermatitis. 2021;85(2):
235-236. doi:10.1111/COD.13815

Aerts O, Herman A, Mowitz M, Bruze M, Goossens A. Isobornyl acry-
late. Dermatitis. 2020;31(1):4-12. doi:10.1097/DER.00000000000
00549

Pereira TM, Flour M, Goossens A. Allergic contact dermatitis from
modified colophonium in wound dressings. Contact Dermatitis. 2007;
56(1):5-9. doi:10.1111/j.1600-0536.2007.01026.x

Herman A, de Montjoye L, Tromme |, Goossens A, Baeck M. Allergic
contact dermatitis caused by medical devices for diabetes patients: a
review. Contact Dermatitis. 2018;79(6):331-335. doi:10.1111/cod.
13120

Kamann S, Oppel E. Hydrocolloid blister plaster decreases allergic
contact dermatitis caused by freestyle libre and isobornyl acrylate.
Contact Dermatitis. 2019;81(5):380-381. doi:10.1111/cod.13329
Hyry HSI, Liippo JP, Virtanen HM. Allergic contact dermatitis caused
by glucose sensors in type 1 diabetes patients. Contact Dermatitis.
2019;81(3):161-166. doi:10.1111/cod.13337

85U80|7 SUOWLLIOD 3ARea.D 8|qedl|dde ays Aq peusenob a1e Sspie YO ‘@SN JO S9N 1o A%iqi]8UIIUO /8|1 UO (SUORIPUOD-pUe-SWLR} W00 A3 1M ARe1q 1 BUl|UO//:SANY) SUORIPUOD pUe swie 1 8yl 8eS *[2z0z/TT/50] uo ArigiTauliuo Ae|im ‘oodeAlT JO AsAIUN AQ 99THT POO/TTTT OT/I0P/L00 A8 1w AreJq iUl UO//SdNY WOy papeoumod ‘G ‘220z ‘9850009T


info:doi/10.2337/dc14-0303
info:doi/10.1089/dia.2019.0236
info:doi/10.1111/jdv.14737
info:doi/10.1111/jdv.14737
info:doi/10.1111/cod.12432
info:doi/10.1111/J.0105-1873.2005.00705.X
info:doi/10.1111/cod.12866
info:doi/10.1111/cod.12866
info:doi/10.1089/dia.2018.0080
info:doi/10.1177/1932296818762946
info:doi/10.1111/cod.12995
info:doi/10.2340/00015555-3256
info:doi/10.2340/00015555-3256
info:doi/10.1111/cod.13120
info:doi/10.1111/cod.13120
info:doi/10.1089/dia.2019.0163
info:doi/10.1089/dia.2019.0163
info:doi/10.1111/BJD.20751
info:doi/10.1111/cod.13374
info:doi/10.1111/cod.13706
info:doi/10.1111/cod.13706
info:doi/10.1111/cod.13650
info:doi/10.1111/cod.13650
info:doi/10.1111/cod.13243
info:doi/10.1111/cod.13374
info:doi/10.1097/DER.0000000000000281
info:doi/10.1097/DER.0000000000000281
info:doi/10.1111/jdv.16981
info:doi/10.1111/jdv.16981
info:doi/10.1097/DER.0000000000000575
info:doi/10.1111/j.1600-0536.2009.01603.x
info:doi/10.1111/cod.13086
info:doi/10.1111/cod.13086
info:doi/10.1097/DER.0000000000000470
info:doi/10.1177/1203475417733462
info:doi/10.1111/J.1600-0536.1999.TB06146.X
info:doi/10.1111/cod.13330
info:doi/10.1111/cod.13239
info:doi/10.1111/COD.13815
info:doi/10.1097/DER.0000000000000549
info:doi/10.1097/DER.0000000000000549
info:doi/10.1111/j.1600-0536.2007.01026.x
info:doi/10.1111/cod.13120
info:doi/10.1111/cod.13120
info:doi/10.1111/cod.13329
info:doi/10.1111/cod.13337

ALVES DA SILVA ET AL.

48.

49.

50.

51.

Timmermans MWH, Bruynzeel DP, Rustemeyer T.
Allergische Kontaktdermatitis durch EMLA-Creme: gleichzeitige Sen-
sibilisierung gegen die Lokalanasthetika Lidocain und Prilocain.
J Dtsch Dermatol Ges. 2009;7(3):237-238. doi:10.1111/j.1610-0387.
2008.06932.x

Dong H, Kerl H, Cerroni L. EMLA® cream-induced irritant contact
dermatitis. J Cutan Pathol. 2002;29(3):190-192. doi:10.1034/j.1600-
0560.2002.290312.x

Kluger N, Raison-Peyron N, Michot C, Guillot B, Bessis D. Acute
bullous irritant contact dermatitis caused by EMLA® cream.
Contact Dermatitis. 2011;65(3):181-182. doi:10.1111/j.1600-0536.
2011.01944.x

Cressey BD, Belum VR, Scheinman P, et al. Stoma care products rep-
resent a common and previously underreported source of peristomal

52.

CONTACT 413
DERMATITISENAA! LEY-L“2

contact dermatitis. Contact Dermatitis. 2017;76(1):27-33. doi:10.
1111/cod.12678

Pyl J, Dendooven E, van Eekelen |, et al. Prevalence and prevention of
contact dermatitis caused by FreeStyle libre: a monocentric experi-
ence. Diabetes Care. 2020;43(4):918-920. doi:10.2337/DC19-1354

How to cite this article: Alves da Silva C, Bregnhgj A,
Mowitz M, Bruze M, Andersen KE, Sommerlund M. Contact
dermatitis in children caused by diabetes devices. Contact
Dermatitis. 2022;87(5):406-413. doi:10.1111/cod.14166

85U80|7 SUOWLLIOD 3ARea.D 8|qedl|dde ays Aq peusenob a1e Sspie YO ‘@SN JO S9N 1o A%iqi]8UIIUO /8|1 UO (SUORIPUOD-pUe-SWLR} W00 A3 1M ARe1q 1 BUl|UO//:SANY) SUORIPUOD pUe swie 1 8yl 8eS *[2z0z/TT/50] uo ArigiTauliuo Ae|im ‘oodeAlT JO AsAIUN AQ 99THT POO/TTTT OT/I0P/L00 A8 1w AreJq iUl UO//SdNY WOy papeoumod ‘G ‘220z ‘9850009T


info:doi/10.1111/j.1610-0387.2008.06932.x
info:doi/10.1111/j.1610-0387.2008.06932.x
info:doi/10.1034/j.1600-0560.2002.290312.x
info:doi/10.1034/j.1600-0560.2002.290312.x
info:doi/10.1111/j.1600-0536.2011.01944.x
info:doi/10.1111/j.1600-0536.2011.01944.x
info:doi/10.1111/cod.12678
info:doi/10.1111/cod.12678
info:doi/10.2337/DC19-1354
info:doi/10.1111/cod.14166

	Contact dermatitis in children caused by diabetes devices
	1  INTRODUCTION
	2  PATIENTS AND METHODS
	3  RESULTS
	4  DISCUSSION
	5  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENT
	CONFLICTS OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


