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1 | INTRODUCTION

Aluminum is a common adjuvant in childhood vaccines.® Persistent
itching subcutaneous nodules after immunization, also known as vac-

cination granulomas, may occur,®* but until the 1990s, they were
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Abstract

Background: Aluminum contact allergy is mostly seen in children with vaccination
granulomas, following immunization with aluminum-adsorbed childhood vaccines.
Objectives: To characterize a cohort of children with vaccination granulomas and alu-
minum allergy concerning early life conditions, exacerbating factors, avoidance
behavior, treatments, and potential impact on quality of life.

Methods: A questionnaire study was conducted among 177 children aged O to
15 years with vaccination granulomas and aluminum allergy, and a reference group
of 61 children aged 3 to 14 years with various types of dermatitis undergoing patch
testing.

Results: All children in the granuloma group were reportedly affected by itch. Infec-
tion exacerbated the itch in 59%. Other worsening factors were eating tin-foiled/
canned food (31%) and use of aluminum-containing sunscreen (46%). Many parents
took precautions to avoid aluminum exposure. Children with granulomas were more
likely to be nonadherent to the National Vaccination Program than the reference
group (27% vs 2%, P < .001). Parents in the granuloma group reported a decreased
life quality for both parents and children compared with the reference group.
Conclusions: ltching vaccination granulomas and aluminum allergy have a consider-
able negative impact on affected children and their families, causing avoidance
behavior, reduced adherence to vaccination programs, and a negative effect on the

overall life quality.
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considered to be a rare adverse event. Aluminum contact allergy as a
cause of granulomas was established in the 1980s.5® The incidence
of granulomas in children receiving aluminum-adsorbed childhood
vaccines was 0.8% to 0.98%° in Swedish studies including up to

76 000 vaccines.®® A positive test reaction to aluminum is seen in
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77% to 95% of children with granulomas.”!! The granulomas appear
from 2 weeks to 13 months after the injections,'? and are usually pre-
sent for an average time of 4.6 years.'%!! Because of the time gap
between vaccinations and the occurrence of the granulomas, they
have occasionally been misinterpreted as tumors, leading to unneces-
sary examinations and fear of malignancy.*>'* Both granulomas and
aluminum allergy are believed to diminish or vanish with time.®1%15
Although mostly reported in smaller children, contact allergy to alumi-
num can also be a side effect to allergen-specific immunotherapy
(ASIT) in older children and adults.®*¢-8

Aluminum is considered a weak allergen and has rarely been
reported to cause contact allergy when using skin products containing
it or from working in the metal industry.1?2° Despite this, there have
been parental reports on children with aggravating itch and skin rash

when using aluminum-containing sunscreen?#2?

or when eating vari-
ous foods rich in aluminum.**

In recent years there has been an increased focus in Denmark on
vaccination granulomas. The number of cases reported to the authori-
ties has risen from 120 in 2014 to 417 in 2018,%2 and parents seek
medical attention, information, and compensation from governmental
insurances. Therefore, more information about potential conse-
quences is needed. In this study, we characterized a cohort of children
with vaccination granulomas and confirmed aluminum contact allergy
concerning early life conditions, exacerbating factors, treatments,
avoidance of future vaccines, and potential impact on quality of life.

2 | METHODS

From January 1, 2010 to September 1, 2018, 283 children 15 years or
younger were patch tested at the Department of Dermatology and
Allergy, Herlev and Gentofte Hospital, Denmark, due to vaccination
granuloma and suspected aluminum contact allergy. Of these, 266 chil-
dren had a positive patch test reaction to aluminum (94%). Of these
children, 245 could be reached and were invited to participate in the
questionnaire study. The reference group consisted of 124 children
aged 15 years or younger with various types of dermatitis and
suspected contact allergy. In total, 30 (24%) of these children had a
positive patch test reaction to a contact allergen, mainly nickel or
colophonium. Permission to collect personal data was approved by
the Danish Data Protection Agency (VD-2018-137, I-Suite 6380), and
data from the National Database for Contact Allergy were given by
the Regional Clinical Quality Program - National Clinical Registries.

2.1 | Patch test

Children in the granuloma group were patch tested with metallic alu-
minum (empty Finn Chamber; Epitest, Tuusula, Finland) on Scanpor
tape (Norgesplaster; Alpharma, Vennesla, Norway) and aluminum
chloride hexahydrate 2% petrolatum (allergEAZE; SmartPractice,
Greven, Germany). A plastic chamber from the same producer was

used as control. Children in the reference group were tested with a

pediatric test series of 33 allergens from the European Baseline series
(Chemotechnique Diagnostics, Vellinge, Sweden or allergEAZE,
SmartPractice). No children in the reference group reacted to the alu-
minum disks used for patch testing. The allergens were applied in Finn
Chambers, taped to the upper back for 2 days, and the test site was
evaluated on day (D) 2 (the day of removal) and D3 and D4. Only chil-
dren with a negative or doubtful reaction on D2 to D4 was seen again
on D7. Positive reactions were classified as +, ++ or +++, based on

scoring according to the ESCD recommendations.?®

2.2 | Questionnaires

We constructed a questionnaire with 66 questions divided into sec-
tions. They were sent to the parents by electronic post, asking them
to include their child when filling out the questionnaire if possible.
Answers were multiple choice, as well as a blank space for comments.
The questions covered early life conditions, hereditary factors, allergic
and chronic diseases, vaccines, and life quality. Symptoms and charac-
teristics regarding the granuloma and aluminum contact allergy; wors-
ening factors, including various foods and skin products; and other
external factors, such as heat, sleep, and infections, were evaluated.
We asked about treatment attempts and the effect of these, and if
parents deliberately avoided contact to aluminum.

The reference group received a shorter version of the question-
naire, excluding the specific questions related to the vaccination gran-
uloma and aluminum contact allergy. We used the Children's
Dermatology Life Quality Index, CDLQI,?** a questionnaire with
10 questions focusing on various aspects of the skin, covering
scratching, social behavior, playing, sleeping, and treatment during the
last week. Results are a score between 0 and 30, with the higher the
score, the more quality of life is impaired (Table SS1). We anticipated
that some children no longer had symptoms due to a long follow-up
time and added four visual analog scale (VASs) covering life quality in
general and when the skin symptoms were worst.

Parents of six newly referred children with vaccination granulo-
mas validated the questionnaire, making sure relevant topics were
covered and the questions were understandable. The questionnaires
were implemented in Research Electronic Data Capture, REDCap,?°

and were in Danish.

2.3 | Statistical analysis

Comparisons between groups were mainly made using the chi-square
test, except when sample size was n <5 in which case the Fischer
exact test was used. Odds ratios with 95% confidence intervals were
additionally supplied. Data were tested for normal distribution before
analysis. The CDLQI and VAS score both had a nonparametrical distri-
bution, and the Mann-Whitney U test was thus used to compare
the mean scores and determine whether there were any significant
differences in the mean score. The CDLQI-score was calculated

according to published instructions.?* A P-value <. 05 was considered
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TABLE 1 Early life conditions and dispositions
Granuloma
Variable % (n/N of total)
Baseline characteristics
Sex (male) 47 (83/177)
Age at test, y (SD) 3.54(1.79)
Follow-up, y (SD) 3.18 (1.39)
Atopic dermatitis (AD) based on MOAHLFA 12 (21/177)
Early life conditions and dispositions
Chronic disease 6(10/177)
Diabetes =
Asthma 12 (21/177)
Mother AD 10 (18/177)
Father AD 3(5/177)
Siblings AD 12 (22/177)
Gestational age
Extremely premature 1(2/175)
Very premature 1(2/175)
Moderately premature 12 (20/175)
Term 86 (150/175)
Birthweight in gram (SD) 3513 (535)
Nutrition during the first 6 mo of life:
Only breastfeeding 45 (79/174)
Primarily breastfeeding, formula supplement 23 (40/174)
Equally breastfeeding and formula 16 (28/174)
Only formula 16 (27/174)
Any vaccines missing 27 (47/177)
Reason for missing vaccines
Fear of side effects including granulomas 83 (39/47)
Infections 2(1/47)
Forgetfulness 13 (6/47)
Refuse further vaccinations 15 (26/177)

Note: chi-square-test or Fischer exact test applied if n < 5.

CONTACT 3
DERMATITISEAAL! LEY-L ®
References Odds ratio
% (n/N of total) (95% confidence interval) P-value
48 (29/61) 0.97 (0.54-1.75) 93
9(3.22) - <.001
2.51(0.99) - .001
62 (38/61) 0.08 (0.04-0.16) <.001
32(18/61) 0.13 (0.06-0.31) <.001
17 (10/61) - -
22 (13/61) 0.46 (0.21-0.99) .053
18 (11/61) 0.52 (0.29-1.16) 12
12 (7/61) 0.22 (0.07-0.74) 014
15 (9/61) 0.82(0.36-1.9) .66
- .65
18 (10/56)
82 (46/56)
3533 (648) - .60
- .75
48 (27/56)
27 (15/56)
11 (6/56)
14 (8/56)
<1(1/61) 21.33(2.87-158.32) <.001
100 (1/1) 16.96 (2.28-126.29) <.001

Notes: Independent t test used for comparing means, with Mann-Whitney U test for skewed data.

Notes: Significant P-values (<.05) shown in bold.

Abbreviation: AD, atopic dermatitis; MOAHLFA, Male, Occupational dermatitis, Atopic dermatitis, Hand involement, Leg involvement, Facial involvement,

Age<40 years; SD, standard deviation.

statistically significant. Data were analyzed with IBM SPSS Statistics
(SPSS, Chicago, lllinois) for Windows (release version 25.0).

3 | RESULTS

The overall response in the granuloma group was 72% (177/245) and
49% (61/124) in the reference group (P < .001). Baseline demographic
characteristics showed no significant differences when comparing
responders with nonresponders in each group, regarding sex, follow-
up time, presence of atopic dermatitis (AD), and number of patch test-
positive children. In the reference group, nonresponders had a slightly
older age than responders (10.5 years vs 9 years, P = .009; Table S2).

The reference group had a significantly higher mean age and a higher
prevalence of AD and chronic diseases, predominantly type 1 diabetes
and asthma compared with the granuloma group (P < .001; Table 1).
Most children in both groups were born mature with a birth weight
appropriate for gestational age. Breastfeeding was the primary source

of nutrition during the first 6 months of life in both groups.

3.1 | Avoidance behavior

A highly significant difference regarding future vaccines was found,
with 47 (27%) children in the granuloma group already missing vac-
cines they should have received according to the Danish Childhood
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Vaccination Program at the given time, compared with only one in the
reference group (P < .001). The main reason was fear of side effects
including another granuloma (Table 1).

Of the 47 children currently missing vaccines, 26 parents (15% of
the total granuloma group) refused to further vaccinate their child. As
seen in Figure 1, avoidance behaviors in the granuloma group overlap,
and parents avoiding either aluminum-containing sunscreen or foods
were also more likely to avoid vaccines, with 27 (15%) avoiding all

three.

3.2 | Granuloma: Onset, worsening factors,
avoidable behavior, and treatment

The characteristics of children in the granuloma group are summarized
in Tables 1 and 2. In total, 61 (35%) children only had one granuloma,
77 (45%) two, and 35 (20%) three or more granulomas. Most children,
137/177 (77%), had a ++ patch test reaction to aluminum. The reac-
tions mainly occurred on D2. A total of 100 (57%) went to their gen-
eral practitioner at least once, 22 (13%) were seen by a pediatrician,
and 61 (35%) by a practicing dermatologist before being referred to
Herlev and Gentofte Hospital. Prior to referral, 10 (6%) children had
an ultrasound examination, two (1%) had blood tests, and in one child
(0.5%) a biopsy was performed.

Establishing the diagnosis of vaccination granuloma took less than
3 months in 99 (56%) children. Forty-one (23%) received the diagnosis
4 to 12 months after the granuloma was noted. In 16 (9%) children it
took 1 to 4 years, and finally one child (0.6%) waited between 5 and
10 years for the diagnosis.

In most children, the vaccine associated with the discovery of the
(first) granuloma was either the 3rd, 5th, or 12th month vaccination
(i.e. the first, second, or third dose of diphtheria, tetanus, pertussis,
polio, Hemophilus influenzae type b [DiTeKiPol/Hib], and invasive
pneumococcal disease), respectively, in 58 (33%), 29 (16%), and

Avoiding sunscreen
= - N=119
Avoiding foods
g N=73

27 Vaccine missing
% N=47
12

FIGURE 1 Venn-diagram illustrating the avoidable behavior of
the granuloma group. Venn diagram showing the number of families
stating avoidable behavior, with 65 (37%) avoiding both sunscreen
and foods, 12 (7%) avoiding both sunscreen and vaccines, and

26 (15%) avoiding foods and vaccines. A total of 27 (15%) parents
show avoidable behavior of all these three mentioned

TABLE 2

Variable
Granuloma still present
Itch
Patch test reaction
+
++
+++
Number of granulomas
1
>2
Elapsed time from debut to diagnosis
1-6 months
7-12 months
13 months to 2 years
3-4 years
5-10 years
Do not remember

Examinations and procedures before
diagnosis

Ultrasound
Blood test
Biopsy

Vaccine in the Danish Vaccination Program

associated with the discovery of the
(first) granuloma

3 months
5 months
12 months
15 months
4 years
5 years
Do not remember
Exacerbating foods
Canned food
Dried fruit (raisins, figs)
Fresh fruit/vegetables
Exacerbating skin products
Sunscreen with aluminum
Lotion
Aluminum-free sunscreen
Other exacerbating factors
Infections
Heat/sweat
Bedtime
Avoiding behavior
Use aluminum-free sunscreen
Avoid tinfoil/canned food

Avoid aluminum -containing food

Characteristics related to the granuloma

Number of children, %
(n/N of total)

72(128/177)
100 (177/177)

20 (36/177)
77 (137/177)
3(4/177)

35 (61/173)
65(112/173)

71(125/177)
8(15/177)
6(11/177)
3(5/177)

0.5(1/177)

11(20/177)

6 (10/176)
1(2/176)
0.5(1/176)

33(58/177
16 (29/177
26 (46/177
10(17/177,
0.5(1/177)

1(2/177)
14 (24/177)

31 (55/175)
28 (49/175)
15 (27/175)

46 (81/177)
14 (25/177)
9(16/177)

59 (104/175)
45 (80/175)
34 (60/175)

67 (119/177)
41(73/177)
35(62/177)
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46 (26%) children. Seventeen (10%) stated that the 15th month vac-
cine (measles, mumps, and rubella vaccine not containing aluminum)
was associated with development of the granuloma. Only two chil-
dren (1%) developed the granuloma after the 5-year DiTeKiPol
booster vaccine.

Parents reported worsening factors in 139 (79%) cases, mostly
infections (n = 102, 58%) and heat/sweats during playtime (n = 80,
45%) and during bedtime (n = 60, 34%). Skin products were reported
to exacerbate itch, especially aluminum-containing sunscreen (n = 80,
45%) and regular moisturizers (n = 25, 14%). Various food items were
also reported to exacerbate itch, mostly tin-foiled or canned food
(n =55, 31%) and dried fruit, especially raisins and figs (n = 49, 28%).

Worsening factors led to changes in behavior in 141 (80%) fami-
lies. The most common was avoiding the use of aluminum-containing
sunscreens (n = 119, 67%). Sixty-six (37%) even stated that they
chose to avoid the use of aluminum-containing sunscreen, although
reportedly never having had a reaction to this type of product.
Avoiding tin-foiled and canned food (n = 73, 40%) and aluminum-
containing foods in general (n = 62, 35%) was also common.

Treatment of symptoms had been tried by 108/177 (61%) in vari-
ous ways, shown in Figure 2. The main treatment offered by derma-
tologists in Denmark is topical corticosteroids, tried by 82 with a good
effect in only 18 (22%). Injected corticosteroids and surgical removal
were not reported by any responders.

In 49 (28%) cases, the granuloma had disappeared at the time of this
questionnaire study. In these children, the duration of the granulomas
was less than 2 years in 11 (23%), 3 to 4 years in 28 (60%), and for more
than 5 years in eight (17%). The tendency of avoidance behavior and
reported worsening factors did not differ statistically between the two

groups of children with present vs vanished granulomas.

3.3 | Quality of life

The mean CDLQI score (Table 3) was 3.10 for the granuloma group
but higher for the reference group with a score of 3.86, though no sig-
nificant difference was found (P = .92). Only one of the subquestions

Topical corticosteroids (TCs) I
Moisturizer |
Antipruritic cream |
Cold compress .|
Antihistamines ]
Plaster occlusion L]
TCs under occlusion I
Protopic/Elidel -
Antibiotics 1l
Other* L]
0 10 20 30 40 50 60 70 80 920

Number of children
Good m Sparsem None

FIGURE 2 Attempted treatments. Attempted treatments of the
granulomas and self-evaluated effect hereof. Other*: massage,
drinking FIJI water or SILICIUM water, reflexology, sleeping with tight
pajamas. Surgical removal of the granuloma was also an option in the
questionnaire, but not chosen by any of the participants

e WiLEY-l
in the CDLQI had a significantly different P-value of .001. This was the
question “Over the last week, how much of a problem has the treat-
ment for your skin been?,” with the reference group having a higher
score (mean 0.52 vs 0.26 for the granuloma group). In all four VASs
(Table 3), the granuloma group had a higher score, indicating a higher
negative effect on life quality, with all but “affecting the child in general”

being statistically significant compared with the reference group.

4 | DISCUSSION

Over a 9-year period (2010-2018) 283 children were referred because
of vaccination granulomas. A positive patch test reaction to aluminum
was found in 266 (94%). In a similar study from another Danish
department of dermatology, patch test data were collected from
approximately 70 dermatologists in private practice and other derma-
tology departments in Denmark. Over a 10-year period (2003-2013)
47 children with vaccination granulomas were registered,'* of whom
92% reacted to aluminum. Although there is an overlap in the two

periods of reporting, there is no overlap in patients and the

TABLE 3  Self-reported evaluation of quality of life, measured
using Children's Dermatology Life Quality Index (CDLQI) and a visual
analog scale (VAS) from O to 10, with O being no impact on life quality

Granuloma References

N =172 N =58 P-value
CDLQI total
Mean (SD) 3.10(3.21) 3.86(5.20) .92
Range 0-17 0-27
CDLQIl 10
Over the last week, how much of
a problem has the treatment for
your skin been?
Mean (SD) 0.26 (0.52) 0.52(0.73) .009
Range 0-2 0-3
VAS: Affecting the child in general
Mean (SD) 4.11(2.97) 3.25(2.23) .061
Range 0-10 0-9
VAS: Affecting the family in
general
Mean (SD) 3.98(2.84) 3.0(2.60) .017
Range 0-10 0-9
VAS: Affecting the child when
symptoms were worst
Mean (SD) 6.65(2.82) 5.25(3.34) .007
Range 0-10 0-10
VAS: Affecting the family when
symptoms were worst
Mean (SD) 6.67 (2.69) 5.55(3.29) .046
Range 0-10 0-10

Notes: Mann-Whitney U test, nonparametric distribution.
Notes: Significant P-values (<.05) shown in bold. SD, standard deviation.
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considerable larger group of children with vaccination granulomas
seen in our department probably reflects an increased awareness

among parents due to increased public attention on vaccines and their

side effects.

4.1 | Vaccines and aluminum load

Since 2005 there have been changes in the Danish Childhood Vaccination
Program concerning vaccine production companies. The amount of alumi-
num in the DiTeKiPol vaccines has generally been 1 mg aluminum per
dose, but from January 2014 to March 2018, two vaccines with 0.625 mg
aluminum were also available. In this study it was not possible to distin-
guish between the vaccines that had been administered, but reports of
adverse effects from the Danish Medicines Agency showed that most
cases of granulomas were in children vaccinated in 2015 and 2016.2

Concerning continued vaccinations, Salik et al described that one-
third of parents in their study had decided to omit or postpone further
vaccination of their child,** and a similar behavior was described by
Bergfors and Trollfors.)* We observed that 47 (27%) of the parents
had delayed further vaccinations, with 26 (15%) even refusing further
vaccinations. The main reason was fear of another granuloma or exac-
erbating symptoms of an existing one. This emphasizes the need for
careful advice to these families regarding vaccination.

The induction of granulomas could be associated with the accu-
mulated aluminum load received through vaccines.'* In our study
75 (42%) children developed granulomas after the second or third
vaccine (administered at 5 and 12 months, respectively), supporting
this hypothesis; however, in 58 (33%) the granulomas appeared after
the first vaccine. The risk of additional granulomas following future
vaccinations has until now only been investigated in a study of 25 chil-
dren, where two (8%) developed new granulomas.11 We found that
63% reported to have more than one granuloma. This is solely based

on the questionnaires and not clinically confirmed.

4.2 | Avoidance behavior

A high proportion (up to 67%) of families were trying to avoid contact
to aluminum. This is in contrast to the very few known case reports of
aluminum contact allergy following external exposure. Axillary eczema
following the use of antiperspirants has been described in older chil-
dren and adults following ASIT,*4?427 and in studies by Bergfors et al
and Salik et al, three of 19 and four of 39, respectively, reported a
worsening in the skin condition of the child when using an aluminum-
containing sunscreen.**2! In our study, reactions to aluminum-
containing sunscreens were reported by 81 (46%). These reports are
of course subjective and might be biased by the parents' knowledge
of the positive test reaction to aluminum during patch testing. Reac-
tions following the use of antiperspirants were reported by 16 (9%).
This could be due to the young age of our study population, by whom
this type of products is not yet used. In addition, the dermal penetra-

tion of aluminum through normal skin is reported to be low. In a study

measuring the transdermal penetration of aluminum chlorohydrate, an
absorption of less than 0.07% was shown. A similar result was

recently found in a study by the cosmetic industry.282?

4.3 | Systemic allergic dermatitis
Many patients with contact allergy/dermatitis speculate on the influ-
ence of food intake on symptoms. Aluminum is naturally present in
both plants and animals. It is also used as a food additive, and espe-
cially dried products such as fruit and tea leaves contain a high
amount of aluminum. The same is true for foodstuff prepared or
stored in aluminum utensils.2%3? In addition, the concentration of alu-
minum in various milk- and soy-based formulas is much higher than in
human breast milk.5233

Systemic allergic dermatitis is well known, but a rare entity, where
a person sensitized by skin contact develops symptoms from systemic
exposure (eg orally). The symptoms vary from a local flare of previous
dermatitis to the so-called baboon syndrome.®* However, gastrointes-

35-37 and

tinal bioavailability of aluminum in general is considered low
at least in some cases, a more general flare with characteristic symp-
toms of systemic allergic dermatitis would be expected if certain food
items were involved. This has not (yet) been reported. In nickel-
allergic individuals previous studies have indicated that oral nickel
contact via dental braces leads to a reduced frequency of nickel con-
tact allergy.3® Early nutritional exposure to aluminum could potentially
create tolerance, causing the children who were bottle-fed to be less
prone to develop the granulomas. However, we found no difference
between the groups regarding nutrition during the first 6 months of

life (P =.75).

4.4 | Impact on quality of life

Looking at the CDLQI data, we found that the reference group had a
slightly higher score compared with the granuloma group (5.44 vs
4.25), although not significantly so (P = 0.21). Studies on children with
psoriasis showed a similar score with a mean 5.05 (SD + 5.0),% but a
higher score in children with AD (7.1 [SD # 4.4]).%° Although the
CDLQI focuses on the skin, chronic disease is a confounder and might
contribute to the higher score in the reference group, along with the
significantly higher prevalence of AD. As the granulomas tend to dis-
appear over time, another explanation of the lower score in the gran-
uloma group could be the follow-up time. On the VAS, the granuloma
group had a significantly higher score than the reference group. This
difference in VAS and CDLQI could be because CDLQI questions are
quite specific and concern only the child, whereas the VAS we cre-
ated addressed both the children and their parents. The mean VAS
score when symptoms were worst in the granuloma group was similar
in the child and the families (6.7), indicating that the parental subjec-
tive feeling of the impact of everyday life is very much affected, with
all probability due to the changes and precautions they feel they
must take.
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4.5 | Strengths and limitations

To our knowledge, this the most extensive questionnaire study
regarding vaccination granulomas and aluminum contact allergy, and
the first published one with a reference group for at least partial com-
parisons. Overall, our response in the granuloma group was 72%, simi-
lar to the response in other printed questionnaire studies.*! Response
in the control group was 49%, which might be because only 24% of
these children had a positive patch test and the parents therefore did
not find it relevant to participate. Another weakness is the subjective
nature of answers in a questionnaire, especially regarding worsening
factors and the number of granulomas. A clinical aspect instead of
only subjective description would have strengthened our results.

There is a significant age difference between the groups, which
makes the comparison difficult, especially regarding quality of life.
Older children tend to be more self-conscious concerning the percep-
tion on how a disease affects their life. There is also a significant dif-
ference in the follow-up period, with more time passed since patch
testing of the reference group. This could be another reason for the
lower response, as the symptoms might have vanished over time, just
as it might be a cause of recall bias in both groups. The reference
group itself is heterogeneous concerning diagnoses, but instead of
choosing healthy children, we decided to use a group of children with
various forms of dermatitis. This allowed us to compare quality of life
based on skin conditions.

The study design is limited by its retrospective nature. Only chil-
dren referred due to granulomas are tested for aluminum allergy rou-
tinely in our clinic. The frequency of granulomas and aluminum allergy
in the reference group are expected to be at the level as generally
noted among children, around 1%, which is less than one person in our
control sample. In addition, none in the control group reacted to the
metal disk (Finn Chambers). Even though studies have shown that not
all positive children react to both the salt and the metal,*>*® the risk of
them having granulomas and aluminum allergy was considered low and
therefore we decided to use these children as the reference group.

The prevalence of chronic diseases was higher in the reference
group, especially diabetes. This correlates with our chosen reference
group suffering from various forms of dermatitis and suspected con-
tact allergy, and the tendency of contact allergy to the medical devices
used by diabetes patients (eg, insulin pumps), which is increasingly
becoming a problem.**

In the reference group questionnaire, it was not possible to
include questions regarding aluminum-containing products and the
specific questions concerning the granuloma. This means we are
unable to tell if the reported reactions in the granuloma group to, for
example, sunscreens are specific for the granuloma group or more
generally seen in children.

It is important to emphasize that the granuloma group in this
questionnaire is a selected group, and given the easy access to
online information, it is likely that many parents have sought infor-
mation regarding aluminum allergy. During consultations with der-
matologists at Herlev and Gentofte hospital following patch tests,

parents are informed that generally no precautions are needed,
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except if the child has a reaction to a certain product. The informa-
tion and advice parents obtain by using the Internet might not
always have a scientific background and could be a risk factor of fur-
ther avoidance behavior.

In our material it was not possible to evaluate the number of
undiagnosed children with vaccination granulomas, who might be
unaware of the possible aluminum contact allergy and therefore have
no expectations regarding exacerbating factors and avoidance behav-
ior. Because this study was questionnaire based, we have not been
able to repeat patch tests on children in whom the granulomas have
disappeared; therefore, no conclusions can be drawn on the course of

their aluminum allergy.

5 | CONCLUSION

This study showed that although the granulomas and aluminum
allergy are benign, the condition has a considerable impact on more
than half of the group. They lead to avoidance of further vaccines,
precautions in use of sunscreen, and/or dietary restrictions, which are
perhaps unnecessary and negatively affect overall quality of life.
Omission of vaccines should be taken seriously, as it puts the child at
risk and lowers the vaccination coverage in the population. Based on
the findings in this study, experimental provocation studies will be
designed.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

Stine Hoffmann: Formal analysis; investigation; methodology; writing-
original draft; writing-review and editing. Jacob Thyssen: Methodol-
ogy; supervision; writing-original draft; writing-review and editing.
Jesper Elberling: Methodology; supervision; writing-original draft;
writing-review and editing. Kirsten Hansen: Methodology; supervi-
sion; writing-original draft; writing-review and editing. Jeanne Duus
Johansen: Conceptualization; funding acquisition; methodology;

supervision; writing-original draft; writing-review and editing.

ORCID
Stine S. Hoffmann
Jeanne D. Johansen

https://orcid.org/0000-0002-3983-2264
https://orcid.org/0000-0002-3537-8463

REFERENCES

1. Andersen RM@, Zachariae C, Johansen JD. [Aluminium allergy and
granulomas induced by vaccinations for children]. Ugeskr Laeger.
2015;177(18):868-871.

2. White RG, Coons AH, Connolly JM. Studies on antibody production.
Ill. The alum granuloma. J Exp Med. 1955;102(1):73-82.

3. Frost L, Johansen P, Pedersen S, Veien N, Ostergaard PA, Nielsen MH.
Persistent subcutaneous nodules in children hyposensitized with
aluminium-containing allergen extracts. Allergy. 1985;40(5):368-372.

4. Turk JL, Parker D. Granuloma formation in Normal Guinea pigs
injected Interadermally with aluminum and zirconium compounds.
J Invest Dermatol. 1977:68(6):336-340.


https://orcid.org/0000-0002-3983-2264
https://orcid.org/0000-0002-3983-2264
https://orcid.org/0000-0002-3537-8463
https://orcid.org/0000-0002-3537-8463

=L wiLEy- iR

10.

11.

12.

13.

14.
15.
16.
17.
18.

19.

20.

21
22.

23.

24.

HOFFMANN ET AL.

Clemmensen O, Knudsen HE. Contact sensitivity to aluminium in a
patient hyposensitized with aluminium precipitated grass pollen. Con-
tact Dermatitis. 1980;6(5):305-308.

Kaaber K, Otkjer A, When NK. Vaccination granulomas and aluminium
allergy: course and prognostic factors. Contact Dermatitis. 1992;26(5):
304-306.

Castelain P-Y, Castelain M, Vervloet D, Garbe L, Mallet B. Sensitiza-
tion to aluminium by aluminium-precipitated dust and pollen extracts.
Contact Dermatitis. 1988;19(1):58-60.

Béhler-Sommeregger K, Lindemayr H. Contact sensitivity to alumin-
ium. Contact Dermatitis. 1986;15(5):278-281.

Bergfors E, Trollfors B, Inerot A. Unexpectedly high incidence of per-
sistent itching nodules and delayed hypersensitivity to aluminium in
children after the use of adsorbed vaccines from a single manufac-
turer. Vaccine. 2003;22(1):64-69.

Gente Lidholm A, Bergfors E, Inerot A, Blomgren U, Gillstedt M,
Trollfors B. Unexpected loss of contact allergy to aluminium induced
by vaccine. Contact Dermatitis. 2013;68(5):286-292.

Bergfors E, Trollfors B. Sixty-four children with persistent itching
nodules and contact allergy to aluminium after vaccination with
aluminium-adsorbed vaccines—prognosis and outcome after booster
vaccination. Eur J Pediatr. 2013;172(2):171-177.

Bergfors E, Hermansson G, Nystrom Kronander U, Falk L, Valter L,
Trollfors B. How common are long-lasting, intensely itching vaccina-
tion granulomas and contact allergy to aluminium induced by cur-
rently used pediatric vaccines? A prospective cohort study. Eur J
Pediatr. 2014;173(10):1297-1307.

Bergfors E, Lundmark K, Nystrém KU. A child with a long-standing,
intensely itching subcutaneous nodule on a thigh: an uncommon (?)
reaction to commonly used vaccines. BMJ Case Rep. 2013;2013.
https://doi.org/10.1136/bcr-2012-007779

Salik E, Lavik I, Andersen KE, Bygum A. Persistent skin reactions and
aluminium hypersensitivity induced by childhood vaccines. Acta Derm
Venereol. 2016;96(7):967-971.

Siemund |, Mowitz M, Zimerson E, Bruze M, Hindsén M. Variation in
aluminium patch test reactivity over time. Contact Dermatitis. 2017;
77(5):288-296.

Hindsén M. Contact allergy to aluminium in patients hyposensitized
with aluminium-containing hyposensitizing extracts. Contact Dermati-
tis. 2005;53(5):301-302.

Ozden MG, Kefeli M, Aydin F, Senturk N, Canturk T, Turanli AY. Per-
sistent subcutaneous nodules after immunotherapy injections for
allergic asthma. J Cutan Pathol. 2009;36(7):812-814.

Lopez S, Peldez A, Navarro LA, Montesinos E, Morales C, Carda C.
Aluminium allergy in patients hyposensitized with aluminium-
precipitated antigen extracts. Contact Dermatitis. 1994;31(1):37-40.
O'Driscoll JB, Beck MB, Kesseler ME, Ford G. Contact sensitivity to
aluminium acetate eardrops. Contact Dermatitis. 1991;24(2):156-157.
Peters T, Hani N, Kirchberg K, Gold H, Hunzelmann N, Scharffetter-
Kochanek K. Occupational contact sensitivity to aluminium in a machine
construction plant worker. Contact Dermatitis. 1998;39(6):322-323.
Bergfors E, Bjorkelund C, Trollfors B. Nineteen cases of persistent
pruritic nodules and contact allergy to aluminium after injection of
commonly used aluminium-adsorbed vaccines. Eur J Pediatr. 2005;
164(11):691-697.

Arsrapporter om bgrmnevaccinationsprogrammet. https://www.ssi.dk/
vaccinationer/boernevaccination/vaccinationsdaekning-og-aarsraporter/
arsrapporter-om-bornevaccinationsprogrammet. Accessed January 8,
2020.

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.
Children's Dermatology Life Quality Index (CDLQ)I) - Department of Der-
matology - Cardiff University. http://sites.cardiff.ac.uk/dermatology/

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

quality-of-life/childrens-dermatology-life-quality-index-cdlqi/.  Accessed
April 16, 2018.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.
Research electronic data capture (REDCap) - a metadata-driven meth-
odology and workflow process for providing translational research
informatics support. J Biomed Inform. 2009;42(2):377-381.

Garg S, Loghdey S, Gawkrodger DJ. Allergic contact dermatitis from
aluminium in deodorants. Contact Dermatitis. 2010;62(1):57-58.
Netterlid E, Hindsén M, Bjork J, et al. There is an association between
contact allergy to aluminium and persistent subcutaneous nodules in
children undergoing hyposensitization therapy. Contact Dermatitis.
2009;60(1):41-49.

Scientific Committee on Consumer Safety SCCS OPINION ON the
safety of aluminium in cosmetic products Submission Il https://ec.
europa.eu/health/sites/health/files/scientific_committees/consumer_
safety/docs/sccs_o_235.pdf. Accessed December 11, 2019.

Pineau A, Guillard O, Fauconneau B, et al. In vitro study of percutane-
ous absorption of aluminum from antiperspirants through human skin
in the Franz™ diffusion cell. J Inorg Biochem. 2012;110:21-26.

Joint FAO/WHO Expert Committee on Food Additives, World Health
Organization, edsEvaluation of Certain Food Additives and Contaminants:
Seventy-Fourth Report of the Joint FAO/WHO Expert Committee on Food
Ad(ditives. Geneva, Switzerland: World Health Organization; 2011.
Jorhem L, Haegglund G. Aluminium in foodstuffs and diets in Sweden.
Z Lebensm Unters Forsch. 1992;194(1):38-42.

Fernandez-Lorenzo JR, Cocho JA, Rey-Goldar ML, Couce M,
Fraga JM. Aluminum contents of human milk, cow's milk, and infant
formulas. J Pediatr Gastroenterol Nutr. 1999;28(3):270-275.

Fanni D, Ambu R, Gerosa C, et al. Aluminum exposure and toxicity in
neonates: a practical guide to halt aluminum overload in the prenatal
and perinatal periods. World J Pediatr. 2014;10(2):101-107.

Andersen KE, Hjorth N, Menné T. The baboon syndrome:
systemically-induced allergic contact dermatitis *. Contact Dermatitis.
1984;10(2):97-100.

Yokel RA, Rhineheimer SS, Brauer RD, Sharma P, Elmore D,
McNamara PJ. Aluminum bioavailability from drinking water is very
low and is not appreciably influenced by stomach contents or water
hardness. Toxicology. 2001;161(1):93-101.

Berthon G. Aluminium speciation in relation to aluminium bioavailabil-
ity, metabolism and toxicity. Coord Chem Rev. 2002;228(2):319-341.
Krewski D, Yokel RA, Nieboer E, et al. Human health risk assessment
for aluminium, aluminium oxide, and aluminium hydroxide. J Toxicol
Environ Health B Crit Rev. 2007;10(Suppl 1):1-269.

Hoogstraten IMWYV, Andersen KE, Blomberg BMEV, et al. Reduced
frequency of nickel allergy upon oral nickel contact at an early age.
Clin Exp Immunol. 1991;85(3):441-445.

Ganemo A, Svensson A, Lindberg M, Wahlgren C-F. Quality of life in
Swedish children with eczema. Acta Derm Venereol. 2007;87(4):
345-349.

Ganemo A, Wahlgren C-F, Svensson A. Quality of life and clinical fea-
tures in Swedish children with psoriasis. Pediatr Dermatol. 2011;28(4):
375-379.

Bregnbak D, Thyssen JP, Zachariae C, Johansen JD. Characteristics of
chromium-allergic dermatitis patients prior to regulatory intervention
for chromium in leather: a questionnaire study. Contact Dermatitis.
2014;71(6):338-347.

Goiset A, Darrigade A-S, Labréze C, Boralevi F, Milpied B. Aluminium
sensitization in a French paediatric patch test population. Contact
Dermatitis. 2018;79(6):382-383.

Gente Lidholm A, Inerot A, Gillstedt M, Bergfors E, Trollfors B. Com-
parison of reactivity to a metallic disc and 2% aluminium salt in
366 children, and reproducibility over time for 241 young adults with
childhood vaccine-related aluminium contact allergy. Contact Derma-
titis. 2018;79(1):26-30.


https://doi.org/10.1136/bcr-2012-007779
https://www.ssi.dk/vaccinationer/boernevaccination/vaccinationsdaekning-og-aarsraporter/arsrapporter-om-bornevaccinationsprogrammet
https://www.ssi.dk/vaccinationer/boernevaccination/vaccinationsdaekning-og-aarsraporter/arsrapporter-om-bornevaccinationsprogrammet
https://www.ssi.dk/vaccinationer/boernevaccination/vaccinationsdaekning-og-aarsraporter/arsrapporter-om-bornevaccinationsprogrammet
http://sites.cardiff.ac.uk/dermatology/quality-of-life/childrens-dermatology-life-quality-index-cdlqi/
http://sites.cardiff.ac.uk/dermatology/quality-of-life/childrens-dermatology-life-quality-index-cdlqi/
https://ec.europa.eu/health/sites/health/files/scientific_committees/consumer_safety/docs/sccs_o_235.pdf
https://ec.europa.eu/health/sites/health/files/scientific_committees/consumer_safety/docs/sccs_o_235.pdf
https://ec.europa.eu/health/sites/health/files/scientific_committees/consumer_safety/docs/sccs_o_235.pdf

HOFFMANN ET AL.

44, 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.

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section at the end of this article.

- WILEY-L

How to cite this article: Hoffmann SS, Thyssen JP, Elberling J,
Hansen KS, Johansen JD. Children with vaccination
granulomas and aluminum contact allergy: Evaluation of
predispositions, avoidance behavior, and quality of life.
Contact Dermatitis. 2020;1-9. https://doi.org/10.1111/cod.
13538



https://doi.org/10.1111/cod.13538
https://doi.org/10.1111/cod.13538

Supplementary table 1. Baseline demographic characteristics of responders versus non-responders in both

groups
Granuloma
Responders Non-responders Odds ratio (95% P-value
177/245 68/245 confidence interval)
Male 83/177 (47%) 29/68 (43%) 1.19 (0.68-2.09) .55
Age at test, years 3.61(1.88) 3.9(1.9) - .08
(standard deviation)
Follow-up, years 2.17 (1.39) 2.15(1.48) - .57
(standard deviation)
Atopic dermatitisT 21/177 (12%) 10/68 (15%) 0.78 (0.35-1.76) .55
Positive patch test 177/177 (100%) | 68/68 (100%) - -
References
Responders Non-responders Odds ratio (95% P-value
61/124 63/124 confidence interval)
Male 29/61 (48%) 36/63 (57%) 0.67 (0.32-1.33) .24
Age at test, years 9 (3.24) 10.5(3.0) - .014
(standard deviation)
Follow-up, years 1.75 (0.97) 1.67 (0.82) - .85
(standard deviation)
Atopic dermatitist 39/61 (64%) 43/63 (68%) 0.78 (0.37-1.66) .52
Positive patch test 19/61 (32%) 11/63 (18%) 2.1(0.9-4.9) .08
tBased on MOAHLFA
Chi-square-test.
Mann-Whitney U-test used for age and follow-up (skewed data).
Significant p-values (<0.05) shown in bold.
Supplement table 2. CDLQI score and severity banding
Very much Scored 3
Quite a lot Scored 2
Only a little Scored 1
Not at all Scored 0
Question unanswered Scored 0
The severity banding for CDLQI scores
0-1 No effect on child’s life
2-6 Small effect on child’s life
7-12 Moderate effect
13-18 Very large effect
19-30 Extremely large effect
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