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Acrodermatitis enteropathica — a diagnostic challenge: case report

of late-onset, genetically proven disease with normal zinc serum levels
Acrodermatitis enteropatica — wyzwanie diagnostyczne. Opis przypadku choroby o péznym poczatk,
genetycznie potwierdzonej, przebiegajacej z prawidtowym stezeniem cynku

" Department of Dermatology, National Medical Institute of the Ministry of the Interior and Administration, Warsaw, Poland

? Department of Paediatrics, Nutrition, and Metabolic Diseases, Children’s Memorial Health Institute, Warsaw, Poland

3 Department of Immunology, Children’s Memorial Health Institute, Warsaw, Poland

*Department of Immunodermatology, National Medical Institute of the Ministry of the Interior and Administration, Warsaw, Poland

5 Department of Medical Genetics, Medical University of Warsaw, Warsaw, Poland

Correspondence: Monika Sztupecka-Rutkowska, Department of Dermatology, National Medical Institute of the Ministry of the Interior and Administration, Wotoska 137, 02-507 Warsaw, Poland,
e-mail: m.sztupecka@gmail.com

@ https://doi.org/10.15557/PiMR.2024.0054

ORCID iDs

1. Monika Sztupecka-Rutkowska @https://0rcid.org/000070002—374074805 5. Karolina Rutkowska @https://orcid.org/OOOOfOOO1—668872593
2. Barbara Wojciechowska @http5://orcid.0rg/0009-0004—8685—6869 6. Anna Walczak @http5://orcid.org/0000-0003—201 1-5334

3. Edyta Heropolitanska-Pliszka @https://0rcid.org/000070001—551972730 7. Rafat Ptoski @https://ordd.org/OOOOfOOO17628675526

4. Cezary Kowalewski @https://orc\'d.0rg/0000—00027660879066 8. Katarzyna WozZniak @https://ordd,org/OOOOfOOOZfZZ11—2025

AbSUa ct Acrodermatitis enteropathica is a rare genetic metabolic disorder affecting the absorption of zinc ions in the digestive tract.
The classic clinical manifestation of zinc deficiency, seen in about 20% of cases, is the triad of symptoms: acral and periorificial
dermatitis, diarrhoea, and alopecia. This case report of a 16-month-old girl with an atypical course of acrodermatitis
enteropathica posed a diagnostic challenge for clinicians. The first skin lesions appeared after infancy and initially presented
as blisters; later, the patient developed a more severe clinical picture including erythematous plaques, paronychia, and
alopecia. Zinc serum levels were within reference ranges. Genetic testing showed a pathogenic mutation characteristic of
acrodermatitis enteropathica in the SCL39A4 gene. Marked improvement in the healing of skin lesions was observed only
after the initiation of oral zinc supplementation. Making a proper diagnosis in cases of metabolic disorders can significantly
improve the patient’s quality of life and prevent distant consequences, such as mental and physical retardation.

Keywords: acrodermatitis enteropathica, zinc, zinc deficiency, whole exome sequencing

Streszczenie Acrodermatitis enteropathica jest rzadkim genetycznym zaburzeniem metabolicznym wplywajacym na ostabione wchlanianie
jonéw cynku w przewodzie pokarmowym. Klasyczng manifestacjg kliniczng niedoboru cynku, obserwowang w okoto 20%
przypadkow, jest triada objawdw: dystalne i okoloustne zapalenie skory, biegunka i tysienie. Przedstawiono opis przypadku
16-miesiecznej dziewczynki z nietypowym przebiegiem acrodermatitis enteropathica, ktéry stanowit wyzwanie diagnostyczne
dla klinicystow kilku specjalno$ci. Pierwsze zmiany skdrne pojawily si¢ po okresie niemowlecym i poczatkowo mialy
charakter pecherzy, pdzniej rozwinal sie obraz kliniczny obejmujacy rumieniowe blaszki, zanokcice i tysienie. Stezenie cynku
w surowicy mieécilo sie w zakresie referencyjnym. Badanie genetyczne wykazato patogenng mutacje charakterystyczna dla
acrodermatitis enteropathica w genie SCL39A4. Zaobserwowano spektakularng poprawe gojacych si¢ zmian skornych szybko
po rozpoczeciu doustnej suplementacji cynku. Ustalenie poprawnego rozpoznania w przypadku zaburzen metabolicznych
moze znaczaco poprawic jakos¢ zycia pacjentéw i zapobiec odlegtym konsekwencjom, takim jak uposledzenie umystowe i
fizyczne.

Stowa kluczowe: acrodermatitis enteropathica, cynk, niedobor cynku, sekwencjonowanie catego eksomu
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Acrodermatitis enteropathica — a diagnostic challenge: case report of late-onset, genetically proven disease with normal zinc serum levels

BACKGROUND

crodermatitis enteropathica (AE) is a rare autoso-

mal recessive disorder with a global incidence rate

of 1-5:500,000 children, independent of gender
and ethnicity®. The disease is characterised by a deficien-
cy in the intestinal absorption of zinc, an essential trace el-
ement that plays a vital role in the proper functioning of
various metabolic and biochemical pathways in the body®.
It is caused by a partial or complete deficiency of the zinc
ligand-binding protein, which is encoded by the SLC39A4
gene on chromosome 8q24.3.2%%. Classic clinical mani-
festations include periorificial and acral dermatitis, diar-
rhoea, and alopecia. The triad occurs only in 20% of cases®.
The diagnosis of AE is based on specific clinical symptoms
and low serum zinc levels**. Cases of inherited zinc defi-
ciency can be fatal if left untreated®. The treatment of choice
is life-long prompt zinc replacement with a dose of 3 mg/kg,
which frequently leads to rapid clinical improvement within
a few days™. In some cases, zinc deficiency can be acquired
and secondary to abnormal intake or other chronic diseases®.
In these cases, the clinical manifestations may be mild, and
zinc supplementation can also be temporary, depending on
the underlying cause®. Typically, the manifestation of inher-
ited AE in infants is seen after weaning from breastfeeding or
switching to formula or cow’s milk, which contains a lower
amount of exogenous zinc-iron transport proteins compared
to breast milk(”. Babies who are not breastfed tend to devel-
op symptoms earlier — usually between the 4* and 10" weeks
of life, when zinc stores from foetal life are depleted®”.
There is also a type of zinc deficiency in infants known as
transient neonatal zinc deficiency, which can occur even in
exclusively breastfed newborns due to low zinc concentra-
tions in the mother’s breast milk caused by maternal muta-
tions in the SLC30A2 gene®?.
The described case of AE is distinguished by unusual clini-
cal features — an atypical onset, with the first symptoms ap-
pearing in the second year of life in a formula-fed baby, tense
blisters for a prolonged period, and normal serum zinc levels.
The final diagnosis was made using sophisticated genetic test-
ing, specifically whole exome sequencing (WES).

CASE REPORT

A 16-month-old girl was admitted to the dermatology clin-
ic with skin changes that appeared at the age of 14 months.
The girl was born at term, without any complications, and
developed normally. She is the first child of non-consan-
guineous parents with no history of skin diseases. She was
never breastfed, and had been strictly formula-fed until the
age of 6 months, after which solid foods were gradually in-
troduced. At the age of 12 months, the formula was changed
to a toddler-specific formula.

At the age of 13 months, she experienced an upper respi-
ratory tract infection, which was treated with amoxicillin
with clavulanic acid, with good results. One week after the
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Fig. 1. Initial clinical features: A. tense blisters on erythematous
base suggesting EM; B. erosions resembling those observed
in EB

Fig. 2. Clinical features developed two months later: A. sym-
metrical erythematous plaques with scaling and crust-
ing at the periphery, located on traumatised areas (like
in EBA); B, C. erythematous plaques covered by yellow
crusts, resembling epidermolysis bullosa or epidermolytic
ichthyosis; D, E, F. complete clinical remission after zinc
supplementation
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Fig. 3. Clinical appearance of scalp: A. before developmg the dzsorder, B. intense alopecia during the course of the dzsorder, C trzchoscopy of scalp
- exclamation mark hairs and hair thinning
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Fig. 4. WES results of the SLC39A4 gene in proband sample: A. p.(Trp401Ter) variant; B. p.(Ala99Thr) variant

initiation of antibiotic therapy, she developed perioral and
diaper dermatitis, as well as a papular rash on her abdomen
and legs. After a few days, painful blisters appeared on her
feet and hands (Fig. 1 A, B), accompanied by paronychia, and
the girl stopped walking. She also developed fungal stomati-
tis. One month after the appearance of the first skin changes,
she experienced a 2-week episode of diarrhoea with 5-6 wa-
tery stools per day. Over the next three months, she was di-
agnosed with allergic dermatitis, drug-induced dermatitis,
hand, food and mouth disease, and even epidermolysis bul-
losa (EB), and was treated topically with steroids, antibiot-
ics, and antifungals, but without improvement. The child was
nervous, weepy, anxious, and had no appetite.

During the physical examination, the girl was irritable
and appeared to be in pain. Her weight and height were
at the 50" percentile. She presented with symmetrical
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erythematous plaques involving the perioral and anogen-
ital areas, as well as her legs, feet, and hands, with blisters
on the soles (Fig. 2 A-C). She also had paronychia and non-
scarring alopecia. Dermoscopy of the scalp revealed excla-
mation mark hairs and hair thinning (Fig. 3 A-C). Direct
immunofluorescence (DIF) was negative. Routine tests in-
cluding complete blood count, C-reactive protein, albu-
mins, iron, cooper, and alkaline phosphatase (a zinc-depen-
dent enzyme) were within reference ranges, including the
zinc concentration — 7.94 umol/L (normal range: 7.7-15.0).
Given the normal but low serum zinc level, the diagnos-
tic work-up was expanded to include genetic testing.
The proband’s DNA sample was isolated from periph-
eral blood using the NGS-based WES with the Human
Core Exome Kit (Twist Bioscience, South San Francisco,
CA, USA), according to the manufacturer’s instructions.
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The enriched library was paired-end sequenced (2 x 100 bp)
on NovaSeq 6000 (Illumina, San Diego, CA, USA) to a mean
depth of 150x (GE10 99.6%, GE20 99.5%). Reads were
aligned to the GRCh38 (hg38) reference genome. WES vari-
ant prioritization was performed as previously described®.
The WES results revealed compound heterozygous vari-
ants in the SLC39A4 in the proband [hg38 8:144414042-
C>T, ¢.1203G>A NM_130849.4, p.(Trp401Ter) and hg38
8:144415989-C>T, ¢.295G>A, NM_130849.4, p.(Ala99Thr)]
(Fig. 4 A, B). The p.(Trp401Ter) variant is nonsense, while the
p-(Ala99Thr) variant is missense. According to the ClinVar
database (https://www.ncbi.nlm.nih.gov/clinvar/), the
p-(Trp401Ter) variant is predicted to be pathogenic. In turn,
the p.(Ala99Thr) variant is classified in ClinVar as likely patho-
genic, however its pathogenicity is predicted based on one sub-
mission. According to the gnomAD database (http://gnomad.
broadinstitute.org/), the nonsense p.(Trp401Ter) variant has an
allele frequency of 0.0000131, while the missense p.(Ala99Thr)
variant has an allele frequency of 0.00000473.

On the basis of clinical presentation, low-normal serum zinc
levels, and genetic findings, a diagnosis of AE was made.
Oral replacement of zinc ions at a dose of 3 mg/kg/day
in the form of zinc hydrogen aspartate led to prompt im-
provement in the patient’s skin and general condition. After
2 months, the dosage of zinc supplementation was reduced
to 1 mg/kg/day. The patient is now in clinical remission
(Fig. 2 D-F) and developing normally.

DISCUSSION

This case presented a challenge for both paediatricians and
dermatologists. For about 3 months, the patient’s skin le-
sions were misdiagnosed by several doctors due to the
atypical and evolving clinical features, as well as the pa-
tient’s history. During the first admission to our dermatol-
ogy clinic, the baby girl mainly presented with tense blis-
ters forming a “string of pearls” configuration, located on
traumatised areas (hands, knees, and feet) and on the face.
As a result, genetic and autoimmune blistering disorders
were initially taken into consideration”). The most common
childhood disorders, such as linear IgA bullous dermatosis
(LABD) and EB acquisita (EBA), were excluded using DIE.
Furthermore, the most likely genetic disorders in infancy,
i.e. EB or ichthyosis, were excluded based on the late on-
set of skin lesions, healthy skin at birth, and negative fami-
ly history of hereditary skin diseases. However, it is impor-
tant to note that some congenital blistering disorders may
develop at a later age (e.g. progressive EB junctional — EBJ,
dominant EB dystrophica - EBD).

Given the coincidence between the appearance of the first
skin changes and the infection of upper respiratory tract
treated with amoxicillin, erythema multiforme (EM) was
initially considered!?. Hair loss could also have suggested
EM associated with infection. However, simple anti-inflam-
matory ointments did not improve the skin lesions within
one month of therapy.
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The clinical appearance evolved, with blisters beginning
to heal, whereas red-brownish plaques covered by scaling
appeared. Taking into account the clinical presentation and
the chronology of new skin changes, the diagnosis of AE was
most likely, but not obvious. AE usually starts with character-
istic brown-reddish plaques, sometimes accompanied by blis-
ters at the same time!). However, in this case, blisters pre-
ceded the characteristic AE lesions for a prolonged period.
Moreover, in typical AE cases, skin changes in formula-fed
babies occur in the first few weeks of life, whereas in breast-
fed babies, they typically appear after weaning®”. It is un-
usual for breastfed infants to present with clinical features
of zinc deficiency due to a mutation in the SCL30A2 gene
in the mother that results in low concentrations of zinc ions
in breast milk®®. The patient was formula-fed from the first
day of life, but the initial skin changes appeared at the age of
14 months. The atypical disease onset suggests that a previ-
ous infection or antibiotic therapy caused the appearance of
the phenotypic features of the disease. The mechanism that
prevented the girl’s genetic mutation from revealing itself for
so long is unknown. In the literature, the aetiology of zinc de-
ficiency is divided into four groups: insufficient intake (e.g.
undernourishment), increased loss (e.g. disorders of the gas-
trointestinal or urinary tract), malabsorption (hereditary
conditions like AE and cystic fibrosis, or acquired conditions
such as gastrointestinal chronic inflammatory diseases like
Crohn’s disease and coeliac disease), increased requirement
(e.g. in preterm infants)®. To determine whether the zinc
deficiency was hereditary or acquired, we carried out genet-
ic testing, which showed a mutation characteristic of AE in
the SLC39A4 gene. This protein has a similar structure to the
zinc/iron-regulator transporter-like protein (ZIP) family.
SLC39A4 is located on the cell membrane and is essential for
zinc uptake in the intestine. It is also believed to play a crucial
role in zinc uptake in Arabidopsis thaliana, a model organ-
ism in genetics"?. The variants studied in the SLC39A4 gene
were previously linked to AE!"?. The p.(Trp401Ter) variant
was found in compound heterozygosity in Austrian patient
in exon 7 of 12. The variant negatively affects the zinc-bind-
ing site and the last five transmembrane protein domains'?.
The p.(Ala99Thr) variant was identified in compound het-
erozygosity in an 11-month old boy and later in his newborn
brother". The studied variant was found in exon 2 localised
in the hydrophobic core®. According to the PolyPhen-2 and
SIFT prediction programmes, p.(Ala99Thr) possibly affects
the zinc transporter protein?.

In the literature, in most cases of AE, laboratory tests mea-
suring plasma zinc levels typically show zinc concentra-
tions below the lower limit™". However, zinc levels in se-
rum or plasma have only limited value as biomarkers of zinc
deficiency because they account for only 0.1% of zinc in
the body®. Low zinc levels can also be observed in acute-
phase reactions or hypoalbuminaemia in patients without
zinc deficiency®. On the other hand, in some patients with
the typical clinical presentation of AE (improved by a good
response to zinc replacement), lab tests show normal zinc
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levels®. Therefore, the diagnostic path should be extended
to include zinc-dependent enzymes like alkaline phospha-
tase, which is frequently decreased in patients with zinc de-
ficiency™. In the current case, the alkaline phosphatase lev-
el was within the normal range. The laboratory test results
for the presented patient showed a serum zinc level with-
in the normal range, but close to the lower limit of norm.
Interestingly, normal zinc levels in patients with AE can be
observed in 30% of cases and do not rule out the diagno-
sis of AE®@. Since zinc deficiency may lead to physical and
mental retardation in infancy and also immunodeficien-
cy!™®, a WES genetic test has to be performed for a prompt
diagnosis.

The main diagnostic clue in this case of AE was the rapid
and significant response to zinc supplementation, involving
the healing of the patient’s skin lesions within a few days,
improvement in her ability to walk, restored appetite, and
subsequent hair regrowth. The girl remains under observa-
tion while taking a maintenance dose of zinc ions.

CONCLUSIONS

The purpose of presenting this case report is to empha-
sise that a rare disease like AE may have an unusual course.
The case of the patient described here was extremely chal-
lenging in terms of diagnostics because of atypical initial clin-
ical picture, onset after infancy, and normal serum zinc levels
during the entire course, which can unfortunately be mis-
leading. The final diagnosis in atypical cases, such as the one
described in this publication, could only be made through
genetic testing like WES. Making the correct diagnosis is im-
portant for the patients’ long-term well-being. Lifelong sup-
plementation of zinc ions can significantly improve the quali-
ty of life and prevent distant physical and mental impairment.
While awaiting final results, ad hoc zinc substitution is a ben-
eficial and low-risk treatment option.
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