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Autosomal recessive congenital ichthyosis (ARCI) is a group of diseases presenting as col-
lodion baby at birth. ARCI is categorized as Harlequin ichthyosis, lamellar ichthyosis, and 
non-bullous congenital ichthyosiform erythroderma (NBCIE), bathing suit icthyosis (BSI) 
and others. We describe the case of a male newborn with NBCIE whose whole exome se-
quencing revealed two variants of TGM1 gene (NM_000359.3) in a compound heterozygous 
state: c.790C>T (p.Arg264Trp) in exon 5 and c.2060G>A (p.Arg687His) in exon 13. In the 
literature, the Arg264Trp variant has been reported as homozygous or compound heterozy-
gous with other variants in patients with BSI. In contrast, the Arg687His variant has been 
reported only as homozygous in patients with BSI. To the best of our knowledge, this is the 
first case whose two compound heterozygous variants, exhibiting the NBCIE phenotype, 
instead of the BSI.
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INTRODUCTION

ARCI (autosomal recessive congenital ichthyosis) is a hetero-
geneous group of disorders characterized by a deficiency in 
skin barrier function. ARCI refers to a group of nonsyndromic 
phenotypes. Harlequin ichthyosis (HI), lamellar ichthyosis 
(LI), non-bullous congenital ichthyosiform erythroderma 
(NBCIE), bathing suit ichthyosis (BSI), self-healing collodion 
baby (SHCB), and others are subtypes of ARCI1.

The term “collodion baby” describes the newborn covered 
by a shiny, taut, cellophane-like membrane at birth. Its inci-
dence has been estimated to be ~1 in 300,000 births. Ectropion 
(turning the lower eyelids outward) and eclabium (eversion of 
the lips) are the other manifestations. These neonates have an 
increased risk for infections, dehydration, electrolyte imbalanc-
es, respiratory problems, feeding difficulty, and ocular issues, 
whose management require a multidisciplinary approach2.

Systemic retinoids play a crucial role in managing inherited 
disorders of keratinization and might be life-saving in HI2-4. 

Herein, we report a term neonate presented as collodion baby 
and diagnosed with NBCIE.

CASE REPORT

The patient, a male neonate of a non-consanguineous couple, 
was born at 39 weeks 6 days of gestational age by spontaneous 
vaginal delivery without any complication. The Apgar scores 
were 9 and 10. There was no relevant family history. He was 
referred to our Neonatal Intensive Care Unit at the 18th hour 
of postnatal age due to his red, stretched, shiny skin appear-
ance for further investigation and treatment.

On his first physical examination, the patient was evalu-
ated as critically ill. There was a generalized thick translucent 
desquamation, including bilateral palmoplantar surfaces. Des-
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quamation was more prominent in the skin folds. Ectropion 
and eclabium were all present (Fig. 1). There was no mucosal 
involvement, nail abnormalities, or bullae. He had minimal 
contractures on his upper extremities.

Due to the severe ectropion and eclabium, erythroderma 
and diffused thick membrane covering body, and the rapid 
onset sepsis and resulting increased neonatal mortality, oral 
acitretin 1 mg/kg/day was initiated at the 39th hour of hos-
pitalization. An incisional skin biopsy was performed at the 
60th hour of hospitalization. In skin biopsy, compact mild hy-
perkeratosis and parakeratosis were present in the epidermis. 
There was a significant loss in the granular layer, intercellular 
edema in the epidermis, and was compatible with icththyosis 
histopathologically (Fig. 2).

During the first 4 days, parenteral nutrition via central ve-
nous catheterization were administered. Since methicillin-re-
sistant Staphylococcus epidermidis was isolated in the catheter 
culture, antimicrobial therapy was switched to vancomycin.

His health improved after restoring the skin barrier. He got 
full enteral feeding on day 10. All antibiotics were discontin-
ued on day 13. The incubator’s humidity were gradually low-
ered. Extremity contractures required physiotherapy.

Acitretin treatment was interrupted on day 8. The collodi-
on membrane and desquamation improved significantly. His 
skin was almost normal (Fig. 3). The ectropion and eclabium 
were also resolved. His ophthalmologic and audiologic exami-
nation was normal. Counseling and multidisciplinary follow-
up by all departments were planned before the discharge.

In the virtual gene panel analysis (Sophia CES_v2 solution; 
Illumina Nexseq 500 system) containing 102 genes associ-
ated with ichthyosis, two heterozygous variants in the TGM1 
gene were detected in the patient; NM_000359.3: c.790C>T 
(p.Arg264Trp) and NM_000359.3: c.2060G>A (p. Arg687His). 
Both variants have been associated with autosomal recessive 
ichthyosis in the literature and were evaluated according to 
the American College of Medical Genetics and Genomics 
2015 criteria5 and interpreted as pathogenic. Parental test-
ing by Sanger sequencing revealed that the variants were in 
trans. Mothers’ and fathers’ analysis revealed respectively; 
NM_000359.3: c.2060G>A (p. Arg687His) and NM_000359.3: 
c.790C>T (p.Arg264Trp).

Fig. 3. After 7 days of acitretin treatment, the findings of general-
ized scaling, ectropion, and eclabium were resolved.

Fig. 2. Incisional biopsy, light microscopy finding: compact mild 
hyperkeratosis and parakeratosis in the epidermis and a major 
loss in the granular layer, intercellular edema in the epidermis 
(H&E, ×400).

Fig. 1. Collodion membrane, generalized scaling, prominent eclabi-
um, and bilateral ectropion were present on the first day of life.
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At 3rd, 6th months, 1st year, and 18 months follow-up of 
the patient, white and thin scales in body and mild erythema 
in the face, extremities were seen (Supplementary Fig. 1). All 
anthropometric measurements were in the 50th percentiles. 
The neurocognitive development was within normal limits.

DISCUSSION

ARCI refers to HI, LI, NBCIE, and BSI and rare variants1,4. 
Our case had a collodion membrane at birth, a typical feature 
of NBCIE, LI, and BSI; and presented with generalized large 
white scales, prominent erythema, ectropion, and eclabium. 
Progressive course without regression and the generalized 
distribution of the skin lesions enabled us to exclude the di-
agnoses of BSI and SHCB. In BSI, scales are visible, especially 
on the trunk, but the face or extremities are usually unaf-
fected4. In SHCB, after the membrane desquamates, the skin 
of extremities heals; but the axillary region, scalp, mid-trunk 
skin areas remain involved until 3 months of age1,4. The most 

striking form of collodion appears in HI, in which almost all 
parts of the skin is covered with large thick scales that split 
apart. Our patient did not present nose or ear abnormalities 
and armor-like collodion membrane; thus, HI diagnosis was 
excluded.

In addition to the clinical differences, histopathologic find-
ings helped us distinguish NBCIE from LI. NBCIE shows only 
mild thickening of the stratum corneum with foci of paraker-
atosis, whereas LI has a markedly thickened stratum corneum 
without areas of parakeratosis1,4,6. Our findings pointed out 
the NBCIE diagnosis.

As recommended in the guidelines, oral retinoids could be 
considered in cases with prominent erythroderma7.

Mutations in 13 genes are known to cause ARCI: ABCA12, 
ALOX12B, ALOXE3, CERS3, CYP4F22, LIPN, NIPAL4, 
PNPLA1, SDR9C7, SLC27A4, SULT2B1, ST14, and TGM17. 
Some phenotypic features may associate with certain gene 
mutations, but paradigms for genotype-phenotype correlation 
need refining7.

Table 1. Mutations in TGM1 gene in NBCIE patients

Phenotype Gene Location Variant Zygosity Reference

NBCIE TGM1 Exon 3
Exon 4

p.Arg143Cys
p.Ser212Phe

Compound 
heterozygous

10

NBCIE TGM1 Exon 11 
Exon 13

p.Tyr503Ter (Y503X)
p.Ser669Ter (S669X)

Compound 
heterozygous

8

NBCIE-LI overlap TGM1 Intron 5
Intron 7

IVS5-2A>G
IVS7+1G>T

Compound 
heterozygous

7

Lamellar/NBCIE overlap TGM1 Intron 5
Exon 3

IVS5-2A>G
p.Arg126His

Compound 
heterozygous

7

Lamellar /NBCIE overlap TGM1 Intron 2
Intron 5

IVS2-10delGTinsAGAGC 
ATGCTACAG;

IVS5-2A>G

Compound 
heterozygous

7

Lamellar/NBCIE overlap TGM1 Intron 5 IVS5-2A>G Homozygous 7

Lamellar/NBCIE overlap TGM1 Intron 14 IVS14-2A>G Homozygous 7

NBCIE/lamellar overlap TGM1 Exon7 c.1083delC,  
(p.Ile361Ilefs*23)

Homozygous 7

LI/NBCIE overlap TGM1 Exon7 p.Gly375Asp Homozygous 7

Lamellar/NBCIE overlap TGM1 Exon3
Intron 7

p.Arg143Leu
IVS7-1G>A

Compound 
heterozygous

7

Lamellar/NBCIE overlap TGM1 Exon 6
Exon 10

p.Arg323Trp
p.Met487Arg

Compound 
heterozygous

7

Lamellar/NBCIE overlap TGM1 Exon4
Exon7

p.Trp193*
p.Val379Leu

Compound 
heterozygous

7

NBCIE TGM1 (NM_000359) Exon 5
Exon 13

p.Arg264Trp
p.Arg687His

Compound 
heterozygous

Our patient

NBCIE: non-bullous congenital ichthyosiform erythroderma, LI: lamellar ichthyosis.
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The transglutaminase-1 enzyme, involved in forming the 
keratinized cell envelope, is coded by TGM18.The most fre-
quent TGM1 mutation was c.877–2A>G (IVS5–2A>G) in 9 
patients. Six patients with this mutation had more erythema 
and less scale, categorized as NBCIE, while 3 others were clas-
sified as having LI8. TGM1 mutation presents in the SHCB, 
BSI, NBCIE, LI, overlap NBCIE-LI and severe LI8.

ABCA12, ALOX12B, ALOXE3, CERS3, CYP4F22, LIPN, 
NIPAL4/ICHTHYIN, PNPLA1, and TGM1 have been report-
ed associated with NBCIE3. It was summarized all mutations 
led to NBCIE and NBCIE/LI in Table 1.

In our patient compound heterozygous Arg687His and 
Arg264Trp variants were detected in the TGM1 gene. The 
Arg687His variant is located between the ß-Barrel 1 and 2 
domains of the transglutaminase-1 enzyme and is expected to 
cause decreased cytosolic and membranous transglutamin-
ase-1 activity9. This variant has been reported as homozygous 
in a patient with BSI and LI9,10. The Arg264Trp variant is lo-
cated in the core domain of the transglutaminase-1 enzyme 
and is expected to decrease membranous enzyme function9. 

This variant has also been reported as homozygous in patients 
with BSI9,11. In most BSI patients, mutations have been report-
ed in the core domain9,11,12. In our patient, whose two variants 
were compound heterozygous, the clinical findings were con-
sistent with the NBCIE type. This reveals that mutations with 
a particular type in TGM1-associated ARCI may cause differ-
ent phenotypes in different combinations. In addition, other 
modifier variants may also affect the genotype-phenotype 
relationship.

Prenatal diagnosis plays a vital role in the prevention. For 
families with an affected child with ARCI, in which ARCI-
causing mutations were detected in the parents or a sibling, 
prenatal diagnosis is indicated. Chorionic villus or amniotic 
f luid sampling procedures enable DNA based prenatal di-
agnosis13. Prenatal ultrasonography could aid in diagnosing 
HI via the physical examination findings such as eclabium, 
ectropion, rudimentary ears, contractures, and dense floating 
particles in amniotic fluid (snowflake sign)14.

Consanguinity could be expected in the family history due 
to the autosomal recessive inheritance pattern. However, our 
case was a child of a non-consanguineous couple, highlighting 
the importance of the prenatal ultrasonographic diagnosis.

Knowing the different types of ichthyosis and how to man-
age them in the newborn contributes to the long-term survival 

of the infant. Skin biopsy supports the clinical diagnosis. Mo-
lecular diagnosis is a crucial diagnostic tool and has become 
the gold standard for the diagnosis of the ichthyoses. There is a 
broad clinical spectrum and diversity of genotype-phenotype 
correlation, and new cases with different genotypic variants 
may make it possible to provide a more complete picture of the 
ARCI group of diseases.
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