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CASE REPORT

Novel mutations of the ABCA12, KRT1 
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showing congenital ichthyosis
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Abstract 

Background: Congenital ichthyosis (CI) is a heterogeneous group of genetic disorders characterized by generalized 
dry skin, scaling and hyperkeratosis, often associated to erythroderma. They are rare diseases, with overall incidence of 
6.7 in 100,000. Clinical manifestations are due to mutations in genes mostly involved in skin barrier formation. Based 
on clinical presentation, CI is distinguished in non-syndromic and syndromic forms. To date, mutations of more than 
50 genes have been associated to different types of CI.

Cases presentation: We report on three Italian unrelated newborns showing clinical signs compatible with different 
forms of CI of variable severity, namely Harlequin ichtyosis (HI), epidermolytic ichtyosis (EI) and autosomal recessive 
ichtyosis with hypotrichosis (ARIH). Target next generation sequencing (NGS) analysis identified three novel mutations 
of the ABCA12, KRT1 and ST14 genes, respectively associated to such congenital ichtyoses, not reported in literature. 
Genomic investigation allowed to provide the more appropriate management to each patient, based on an individu-
alized approach.

Conclusions: Our report highlights the wide genetic heterogeneity and phenotypic variability of CI. It expands the 
current knowledge on such diseases, widening their genomic database, and providing a better clinical characteri-
zation. Furthermore, it underlines the clinical relevance of NGS, which is essential to address the management of 
patients. Indeed, it may guide towards the most adequate approach, preventing clinical obstinacy for subjects with 
more severe forms and unfavorable outcomes (together with the support, in such situations, of bioethicists included 
within the multidisciplinary care team), as well as reassuring families in those with milder course and favorable 
evolution.
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Background
Congenital ichthyosis (CI) is a heterogeneous group of 
genetic disorders characterized by generalized dry skin, 
scaling and hyperkeratosis, often associated to erythro-
derma. They are rare diseases, with overall incidence of 
6.7 in 100,000. Clinical manifestations are due to muta-
tions in genes mostly involved in skin barrier formation. 
Based on clinical presentation, they are distinguished 
in non-syndromic and syndromic forms. The first ones 
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are characterized by exclusive cutaneous involvement. 
They comprise vulgaris (IV, the mildest type), reces-
sive X-linked (XRI), autosomal recessive (ARCI), and 
keratinopathic ichtyoses (KPI) which include epidermo-
lytic ichtyosis (EI). ARCI encloses Harlequin ichthyosis 
(HI, the most severe form), lamellar ichthyosis (LI), and 
congenital ichthyosiform erythroderma (CIE). Con-
versely, in syndromic ichthyoses gene mutations may 
cause, besides skin alterations, abnormalities of other 
organs. These latter are rarer, and classified according to 
mode of inheritance and predominant symptoms [1–5].
They include forms with prominent hair abnormalities, 
such as Netherton syndrome, and others associated with 
hypotrichosis, such as autosomal recessive ichtyosis with 
hypotrichosis (ARIH) and ichthyosis, follicular atropho-
derma, hypotrichosis, and hypohydrosis (IFAH). To date, 
mutations of more than 50 genes have been associated to 
different types of CI. Such genetic heterogeneity reflects 
a wide phenotypic variability, ranging from severe and 
fatal forms to mild ones, with normal expectancy and 
quality of life. Target next generation sequencing (NGS) 
has currently significantly increased the diagnostic yield, 
allowing the definition of approximately 80–90% of CI 
cases [6, 7]. Hereby, we report on three Italian unrelated 
newborns showing clinical signs compatible with differ-
ent types of CI of variable severity, in which NGS analysis 
identified the specific subtending gene defect, allowing 
thus the genomic diagnosis, as well as the more appropri-
ate management based on an individualized approach.

Cases presentation
Patient 1
A male newborn was delivered at  31+4  weeks of gesta-
tion (WG), due to preterm labor, by spontaneous vaginal 
birth. The parents were healthy and non consanguine-
ous. Family history disclosed a brother, born prema-
turely at 28 WG and died for sepsis on the twelfth day 
of life, and a sister born prematurely as well, at 31 WG, 
and affected with an unspecified congenital skin disor-
der. Our patient had two further brothers, reported as 
healthy. Pregnancy was not followed either by obstet-
rics or other health professionals, and clinical data were 
thus not available. On day 2 of life he was transferred 
to our Department. At admission, physical examination 
showed large skin lesions with hyperkeratotic plaques 
and diffuse hemorrhagic areas, necrosis of the fingers 
of both hands, generalized subcutaneous edema, flat-
tened dysplastic ears, ectropion, eclabium, macrosto-
mia and macroglossia. Pseudocontractures of the limbs 
(especially of fingers and toes), resulting from cutane-
ous constriction, were also observed (Fig.  1). Spontane-
ous motility and reactivity were markedly reduced, while 
axial muscular tone was increased. Head and abdominal 

ultrasound (US) documented no abnormalities. Con-
versely, echocardiography showed pulmonary hyperten-
sion (pulmonic artery pressure around 35–40  mmHg), 
along with patent foramen ovale. Due to severe ectro-
pion, ophthalmological evaluation was not carried out. 
Target NGS of 27 genes associated to congenital ichthy-
osis was performed, and identified the compound het-
erozygous mutations c.233_234del (p.Thr78ArgfsTer3) 
and c.1287 + 2_1287 + 5del of the ABCA12 gene. Such 
variants were inherited from the mother and the father 
respectively, and them both are not reported in lit-
erature. They were then tested with Sanger sequencing, 
confirming the HI diagnosis (which was however avail-
able about ten days after NGS analysis was carried out), 
also according to the phenotype of the newborn. Post-
natally, he was supported by invasive mechanical venti-
lation and total parenteral nutrition and later, from day 
5, by minimal enteral feeding. During the first days of 
life blood evaluations were minimized. Laboratory tests 
documented hypernatremic dehydration (plasmatic 
sodium 153  mEq/l, chloride 122  mEq/l, and osmolar-
ity 297  mOsm/l), which required rehydration through 
central venous catheter. Meanwhile, due to diffuse sub-
cutaneous edema related to hypoproteinemia along with 
hypoalbuminemia, infusions with albumin, protein solu-
tion and plasma were administered. On day 6, owing to 
the relevant difficulties in finding venous accesses and 
to obtain blood samples, a femoral vein catheter was 
surgically positioned. In the following days, due to the 
worsening of hard compressive plaques on chest, fore-
arms and legs, and based on a multidisciplinary assess-
ment (neonatologist, pediatric surgeon, plastic surgeon, 

Fig. 1 Patient 1. Hyperkeratotic plaques and diffuse hemorrhagic 
areas, necrosis of the fingers of both hands, generalized 
subcutaneous edema, pseudocontractures of the limbs (especially of 
fingers and toes)
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anesthesiologist and clinical geneticist), an escarotomy 
intervention was performed in the NICU. The following 
clinical course was marked by anemia, which required 
red blood cells transfusion, in addition to a sepsis, sus-
tained by Escherichia Coli and treated with amino-
glycoside antibiotic therapy. On the tenth day of life, 
a progressive decay of the general conditions, mainly 
linked to the worsening of the respiratory distress sec-
ondary to restrictive pulmonary disease, occurred. This 
led to lung failure, unresponsive to maximal mechanical 
ventilation and inotropic drugs, and finally to death.

Patient 2
A female newborn, delivered at  39+1 WG by spontane-
ous vaginal birth, was the second child of healthy and 
non consanguineous parents. Family history was nega-
tive for genetic diseases and/or genodermatoses, and 
also pregnancy was uneventful. On the first day of life, 
blisters with yellow content appeared in the lower ante-
rior surface of the abdominal wall, pubic and perianal 
region, proximal segments of both thighs, and ingui-
nal areas (Fig.  2A). Therefore, she was admitted to the 
Neonatology Unit. Within 48 h, the newborn developed 
fever, associated to generalized erythematous skin lesions 
with progressive bullous eruptions, in addition to fur-
ther superficial blisters breaking under slight pressure. 
The Nikolski sign (easy separation of skin layers under 
application of horizontal, tangential pressure to the skin) 
was present. Mucosal surfaces were intact. Inspection of 
external genitalia showed de-epithelizing lesions in the 
inner and outer vulvar labia. Clinical and US examina-
tion of other organs and systems revealed no abnormali-
ties. Laboratory tests showed neutrophilic leukocytosis 
and increased C-reactive protein, leading to the diag-
nostic hypothesis of a bacterial infection. In the suspi-
cion of a staphylococcal scalded skin syndrome (SSSS), 
intravenous (iv) antibiotic therapy with oxacillin and gen-
tamicin (this latter also topically applied) was empirically 
begun, and then changed into iv vancomycin, based on 
the results of skin swab culture and antibiogram (growth 
of an oxacillin-resistant coagulase-negative staphylococ-
cus hominis). Erythroderma and the other skin lesions 
decreased in 10 days, and the patient was discharged on 
day 15, and included in a multidisciplinary (auxological 
and dermatological) follow-up. At age 1 month, new blis-
ters in the gluteal region were observed, in addition to 
re-epithelization of the previously described lesions. At 
2 months of age, after the use of protective padding, bul-
lous lesions decreased. However, minimal desquamation, 
with small areas of erythematous skin erosions (seen also 
on dermatoscopy), were still present in the diaper region 
(Fig.  2B). A new skin culture, as well as blood tryptase 
analysis and zinc assay were performed and resulted 

negative, ruling out thus re-infection, mastocytosis and 
enteropathic acrodermatitis. Then, due to persistence of 
the skin lesions, it was decided to proceed in the diagnos-
tic work-up. In the suspicion of congenital epidermolytic 
ichtyosis (EI) or epidermolysis bullosa (EB), target NGS 
analysis of the genes involved in both cutaneous diseases 
was performed in the patient and her parents. Genetic 
investigation revealed in the baby the heterozygous de 
novo variant c.1327A > G of the KRT1 gene, causing the 
amino acid change p.Lys443Glu at the protein level, for 
EI diagnosis. Topical treatment with hydrating, emollient 
and re-lipidant creams, along with detergent oil for daily 
hygiene (already started after the evaluation at 1 month 
of age) was continued, and fusidic acid cream was added 
in the residual erythematous bullous lesions. The follow-
ing clinical course was characterized by few minimally 
de-epithelizing lesions on trunk and skin folds, without 
other cutaneous alterations. She actually is 9 months old, 
and shows regular growth and development. Her general 
clinical conditions are good, and the skin picture is out-
lined by mild hyperkeratosis on the anterior surface of 
the neck (Fig. 2C), and on the axillary and palm-plantar 
regions, associated to minimal persistent bullous lesions 

Fig. 2 Patient 2. A Blisters with purulent content on lower anterior 
surface of the abdominal wall, pubic region, proximal segments of 
both thighs, and inguinal areas. B Small areas of erythematous skin 
erosions seen on dermatoscopy. C Mild hyperkeratosis of the anterior 
surface of the neck
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in the diaper region. In addition, the mother reports 
occasional pungent odors from the hands. The previously 
administered topical treatment is currently continued, 
along with alternating use of a mild antiseptic detergent.

Patient 3
A male newborn was delivered at  40+6 WG, by cesarean 
section for fetal bradycardia. Parents were healthy and 
consanguineous (second cousins). Family history was 
negative for genetic diseases and/or genodermatoses, and 
disclosed five previous miscarriages. Current pregnancy 
was uneventful. At birth, physical examination showed 
diffuse thick skin, with xerosis and wide hyperkeratotic 
areas affecting scalp, face, ears, neck, chest and lower 
back. No collodion membrane was observed. Sparse 
scalp hair (with receding front attachment) and eye-
brows, cutaneous hyperlinearity of the forehead, absent 
eyelashes and blepharophimosis, in addition to dysplas-
tic ears with thick helices outlined the craniofacial pro-
file. Fissured wrists, axillary regions and ankles, were also 
noted (Fig. 3A/B/C/D). Follicular atrophoderma, palmo-
plantar keratoderma, nail and mucosal changes were not 
observed, and sweating was normal. He was then con-
ducted to the Neonatology Unit, to start the diagnostic 
work-up. Laboratory tests (including T-lymphocytes 
subsets and total immunoglobulin levels) and multior-
gan US evaluations showed normal findings. Auditory 

brainstem response (ABR) documented no abnormali-
ties, while ophthalmological assessment disclosed 
blepharitis. In the suspicion of congenital ichthyosis, 
target NGS analysis of the main associated genes found 
the homozygous variant c.1231G > T of ST14. The iden-
tification of its mutation, which leads to the introduction 
of the premature stop codon p.Gly411Ter, confirmed the 
ARIH diagnosis. Genomic analysis was then extended to 
parents, who were found to be heterozygous carriers of 
the same nonsense variant. Such mutation is not present 
in the database of allele frequencies (Genome Aggrega-
tion Database, gnomAD), nor it is reported in literature. 
The following clinical course occurred without complica-
tions. He was soon positioned into the baby incubator, 
with increased levels of temperature and humidity. On 
day 3, he was moved to the open cradle, and the clinical 
and laboratory monitoring for the possible appearance of 
fever and/or other signs of inflammation, identified no 
abnormalities. In the meantime, he started daily hygiene 
treatment with detergent oil, topical therapy with emol-
lient/re-epithelizing creams applied on the fissured skin 
regions, along with gentamicin cream on those with 
erosion. Cleansing drops were administered in the ears, 
while lubricant solutions based on 0.2% sodium hya-
luronate were used for the eyes. He was discharged at 
around 1 week in good general conditions, and included 
in a multidisciplinary (dermatological, auxological, 

Fig. 3 Patient 3. Diffuse thick skin, with xerosis and wide hyperkeratotic areas. A Sparse scalp hair (with receding front attachment) and eyebrows, 
cutaneous hyperlinearity of the forehead. B Absent eyelashes and blepharophimosis. C Dysplastic ear with thick helix. D Fissured wrist and axillary 
region
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ophthalmological, immunological) follow-up. At age 
1  month, complete desquamation of trunk and lower 
region of the face were observed. Specifically, scabs with 
underlying erythematous skin in the frontal and periocu-
lar regions, associated to scaly plugs into the external ear 
canal were noted, and for which a topical treatment with 
0.1% mometasone furoate cream (1 mg/g) was added. At 
age 4  months, the cutaneous alterations progressively 
improved, especially those of the face, which appeared 
smooth and without scales. Crusts on scalp (associated 
to erythematous skin compatible with seborrheic der-
matitis), sacral region and lower limbs were, however, 
still observed. Therefore, he underwent exclusive treat-
ment with emollient and hydrating creams, in addition 
to the application in the scalp of 0.1% mometasone furo-
ate ointment. He currently is 9  months old, and shows 
normal growth and neuromotor development. The skin 
picture is outlined by remission of the previous lesions, 
except for minimal scaling of the scalp. Hair (Fig. 4A/B), 
eyelashes and eyebrows are less, but still sparse. In addi-
tion, marked photophobia, which makes him unable 
to keep the eyes open outdoors, followed by immediate 
tearing, is reported.

Discussion and conclusions
Congenital ichthyosis refers to a large and heterogene-
ous group of diseases, generally monogenic, character-
ized by diffuse hyperkeratosis, xerosis and peeling of the 
skin, sometimes associated to dysmorphic features. The 
clinical classification includes syndromic and non-syn-
dromic forms (Table  1). Nosology may help neonatolo-
gists in the identification of the different and extremely 
variable clinical phenotypes of such disorders, address-
ing initial diagnostic work-up and appropriate treat-
ment. Although it is sometimes immediately possible to 
recognize some evident forms of ichthyosis (as in patient 

1), not all clinical pictures are soon easily interpretable 
by the clinician. Actually, some phenotypes are not fully 
expressed at birth, others may show non-specific/atypi-
cal skin alterations, which may change over time (as in 
patient 2), or even be so mild to be initially undetected 
[8, 9]. Patients here reported show some features of con-
genital ichthyosis, which the neonatologist may find in 
syndromic as well non-syndromic forms. The mode of 
inheritance is highly important in the differential diag-
nosis. Among the autosomal recessive ones, a particular 
interest may be addressed to those with erythrodermic, 
scaly skin present at birth over almost the entire body 
surface. Within this group, HI (OMIM #242,500) is 
the most severe, and even lethal form. Clinical features 
include thick, plate-like scales, ectropion, eclabium and 
flattened dysplastic ears. The identification of the patho-
genic mutations of ABCA12 (OMIM #607,800) is of the 
utmost importance both for diagnostic confirmation of 
the exact genotype, and adequate prognosis evaluation 
and genetic counseling for family members. The ABCA12 
gene encodes a lipid transporter including ceramides, 
which are essential for the formation of extracellular lipid 
layers in the stratum corneum of the epidermis [10, 11]. 
It is the major gene involved in HI [12], and is associated 
to severe phenotype and high neonatal mortality rates, 
as occurred in our Patient 1. The variants c.233_234del 
(p.Thr78ArgfsTer3) and c.1287 + 2_1287 + 5del of the 
ABCA12 gene, mapping on chromosome 2q35, found in 
our patient as compound heterozygosity, are not reported 
in literature. Specifically, the mutation c.233_234del is 
responsible for a change in the amino acid sequence of 
the encoded protein, starting from position 78, and caus-
ing the insertion of a premature stop codon at amino 
acid 81, out of a total of 2595. While, the variation 
c.1287 + 2_1287 + 5del is located in a canonical site of 
mRNA splicing. Then, in accordance with the American 

Fig. 4 Patient 3 at age 9 months: less marked sparse hair
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College of Medical Genetics (ACMG) recommendations, 
such mutations have been considered pathogenic [13]. 
Actually, compound heterozygosity (loss of function or 
missense) for two different alleles is associated to milder 
phenotype and better prognosis. This may be justified 
by a possible compensatory effect of different mutations 
affecting the two alleles (maternal and paternal) of the 
same gene [14]. However, in our Patient 1 compound 
heterozygosity led to a severe phenotype and poor prog-
nosis, with early fatal outcome occurring in neonatal age. 
This may be explained by the nature of both mutations 
significantly affecting protein synthesis, with effects on 
splicing mechanisms, and relevant quantitative reduction 
due to very early formation of a stop codon.

Keratinopathic ichtyosis (KPI) is a group of non-syn-
dromic CI, and represents a family of superficial kera-
tin keratodermas including epidermolytic ichtyosis (EI, 
OMIM #607,602), superficial epidermolytic ichthyosis 
(SEI) and other forms. Among them, EI is the most fre-
quent type. It is caused by heterozygous mutations of the 

keratin genes KRT1 (OMIM #139,350) or KRT10 (OMIM 
#148,080), and shows autosomal dominant transmission, 
although approximately 50% of cases occur de novo (as 
in our Patient 2) [15]. Mutations in such genes, encod-
ing for epidermal suprabasal keratinocytes (keratin 1 or 
10), cause epithelial barrier disruption with high risk of 
infection and electrolyte imbalances. At birth, patients 
usually have diffuse non-ichthyosiform erythroderma 
with multiple erosions, which may be associated to blis-
ters, and scaly and exfoliated skin. In our Patient 2, it 
was necessary to administer specific antibiotic therapy 
for the onset of a cutaneous infection, documented by 
skin swab positivity for oxacillin-resistant staphylococ-
cus. Erythroderma and blisters decrease over time, and 
hyperkeratosis, sometimes involving scalp (with alope-
cia) and neck, occurs in the first few months of life (as 
also observed in our Patient 2). After the neonatal stage, 
blisters and intermittent skin infections can appear, and 
be responsible for disfigurement, pungent odors (pre-
sent also in our case) and consequent possible severe 

Table 1 Clinical classification of congenital ichtyosis (modified by Oji V. et al., 2010) [4]

Non-syndromic forms Syndromic forms

Common ichthyoses X-linked ichthyosis syndromes
 Ichthyosis vulgaris Recessive X-linked ichthyosis

 Recessive X-linked ichthyosis non-syndromic presentation Ichthyosis follicularis-atrichia-photophobia syndrome

Autosomal recessive congenital ichthyosis Conradi-Hünermann-Happle syndrome

 Major types Autosomal ichthyosis syndromes (with) Prominent hair abnormalities
  Harlequin ichthyosis Netherton syndrome

  Lamellar ichthyosis Ichthyosis hypotrichosis syndrome

  Congenital ichthyosiform erythroderma Ichthyosis-hypotrichosis-sclerosing cholangitis syndrome

 Minor variants Trichothiodystrophy

  Self-healing collodion baby Prominent neurologic signs
  Acral self-healing collodion baby Sjögren-Larsson syndrome

  Bathing suit ichthyosis Refsum syndrome

Keratinopathic ichthyosis Mental retardation-enteropathy-deafness-neuropathy-ichthyosis-keratodermia 
syndrome

 Major types Severe evolution
  Epidermolytic ichthyosis Gaucher syndrome type 2

  Superficial epidermolytic ichthyosis Multiple sulfatase deficiency

 Minor variants Cerebral dysgenesis-neuropathy-ichthyosis-palmoplantar keratoderma syndrome

  Annular epidermolytic ichthyosis Arthrogryposis-renal dysfunction-cholestasis syndrome

  Ichthyosis Curth-Macklin Other associated signs
  Autosomal recessive epidermolytic ichthyosis Keratitis-ichthyosis-deafness syndrome

  Epidermolytic nevi Neutral lipid storage disease with ichthyosis

Other forms Ichthyosis prematurity syndrome

 Loricrin keratoderma

 Erythrokeratodermia variabilis

 Peeling skin disease

 Congenital reticular ichthyosiform erythroderma 

 Keratosis linearis-ichthyosis congenita-keratoderma
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psychological and social discomfort [16, 17]. Treatment 
is symptomatic, and aimed at preventing or decreasing 
the risk of dehydration, electrolyte imbalances and skin 
superinfections and/or sepsis. It includes topical emol-
lients, protective padding, and keratolytic agents. Dif-
ferential diagnosis includes skin disorders (EB, ichthyosis 
bullosa of Siemens, ichthyosis hystrix, and peeling skin 
syndrome), genetic diseases causing neonatal blistering 
(i.e., incontinentia pigmenti, and Ankyloblepharon–Ecto-
dermal defects–Clef lip/palate syndrome) [18], and other 
conditions acquired early in life (as SSSS, bullous impe-
tigo, Stevens–Johnson syndrome, and toxic epidermal 
necrolysis). In our Patient 2, target NGS revealed a novel 
variant of the KRT1 gene, mapping on chromosome 
12q13.13, not reported in literature.

Autosomal recessive ichthyosis with hypotrichosis 
(ARIH) syndrome (OMIM #602,400) is characterized 
by vernix-like scaling skin at birth, with the succession 
of generalized white, fine scales with scalp involvement 
and sparing of flexural surfaces, along with diffuse, non-
scarring hypotrichosis. The scalp hair is fair, sparse and 
curly. Eye involvement includes photophobia and/or 
blepharitis. ST14 gene mutations are associated to ARIH, 
and were found in Patient 3. Such gene encodes a type 
II transmembrane serine protease of the S1 trypsin-like 
protein family [19], known as matriptase or ST14, and 
involved in the degradation of the cellular matrix [20]. 
It is expressed in various tissues, including thymic epi-
thelium and stroma, and plays a crucial role in the nor-
mal development of epidermis (stratum corneum and 
hair follicles) and immune system. ARIH and IFAH have 
been observed in families with high degree of inbreed-
ing (of Arab, Turkish, Romanian, Israelian, Bedouin and 
Pakistani origin) [21]. To date, there is no clear geno-
type–phenotype correlation between the different ST14 
mutations and the severity of the clinical picture. In our 
Patient 3, a novel mutation of the ST14 gene (OMIM 
#606,797), mapping on chromosome 11q24.3, was found.

Target NGS has been successfully applied to rare dis-
eases with genetic heterogeneity, overlapping phenotypes 
and with causal genes involved in common pathogenic 
pathways [22]. Patients with congenital ichthyosis often 
remain without a clear genotypic diagnosis [23]. We 
found three novel mutations of the ABCA12, KRT1 and 
ST14 genes associated to different forms of CI, namely 
Harlequin ichtyosis, epidermolytic ichtyosis and autoso-
mal recessive ichtyosis with hypotrichosis, respectively, 
showing a wide spectrum of clinical manifestations with 
variable severity and evolution.

Our report highlights the relevant genetic hetero-
geneity and phenotypic variability of CI. It underlines 
how for neonatologists and pediatricians may be cru-
cial to achieve the molecular characterization of CI, 

similarly to other congenital genetic diseases, to make 
a correct and more precise prognosis evaluation, and to 
allow proper management based on an individualized 
approach, as well as adequate genetic counseling [9, 
24, 25]. This latter, which includes discussion of poten-
tial risks of transmission to offspring and reproductive 
options, should be offered, if possible before pregnancy, 
to young adults who are affected or at risk. Once a 
pathogenic variant has been identified in an affected 
(autosomal dominant diseases) and/or carrier (autoso-
mal recessive forms) family member, prenatal testing 
(through chorionic villus sampling and/or amniocente-
sis), for a pregnancy at increased risk (e.g. an index case 
among relatives), and preimplantation genetic diagnosis 
are possible. Our study expands the current knowledge 
on CI, widening the genomic database and providing 
a better characterization of these conditions. Target 
NGS may aid clinicians during the diagnostic process 
(e.g., avoiding invasive methods like skin biopsy), and 
also later adapting the clinical management to the spe-
cific case [26–29]. Indeed, it may address towards the 
most appropriate approach, preventing clinical obsti-
nacy in conditions burdened by serious complications 
or at high risk of death (as in our Patient 1). However, 
in such situations the support of bioethicists within the 
multidisciplinary care team may help in determining 
the adequate level of aggressive medical interventions. 
In addition, genomic sequencing may conversely reas-
sure families in cases with good clinical evolution, also 
due to adequate control or limitation of the adverse 
outcomes (even anticipating them, as in Patients 2 and 
3) of the disease with appropriate therapies.
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