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Abstract
The broad differential diagnosis of neonatal erythroderma often poses a diagnostic challenge. Mortality of neonatal erythro-

derma is high due to complications of the erythroderma itself and the occasionally severe and life-threatening underlying

disease. Early correct recognition of the underlying cause leads to better treatment and prognosis. Currently, neonatal ery-

throderma is approached on a case-by-case basis. The purpose of this scoping review was to develop a diagnostic

approach in neonatal erythroderma. After a systematic literature search in Embase (January 1990 – May 2020, 74 cases of

neonatal erythroderma were identified, and 50+ diagnoses could be extracted. Main causes were the ichthyoses (40%)

and primary immunodeficiencies (35%). Congenital erythroderma was present in 64% (47/74) of the cases, predominantly

with congenital ichthyosis (11/11; 100%), Netherton syndrome (12/14, 86%) and Omenn syndrome (11/23, 48%). Time until

diagnosis ranged from 102 days to 116 days for cases of non-congenital erythroderma and congenital erythroderma

respectively. Among the 74 identified cases a total of 17 patients (23%) died within a mean of 158 days and were related

to Omenn syndrome (35%), graft-versus-host disease (67%) and Netherton syndrome (18%). Disease history and physical

examination are summarized in this paper. Age of onset and a collodion membrane can help to narrow the differential

†Member of the ERN-SKIN-subthematic group Ichthyosis

© 2022 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd
on behalf of European Academy of Dermatology and Venereology

JEADV 2022, 36, 973–986

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

DOI: 10.1111/jdv.18043 JEADV

https://orcid.org/0000-0002-8120-7657
https://orcid.org/0000-0002-8120-7657
https://orcid.org/0000-0002-8120-7657
https://orcid.org/0000-0003-0879-9825
https://orcid.org/0000-0003-0879-9825
https://orcid.org/0000-0003-0879-9825
https://orcid.org/0000-0002-1091-2914
https://orcid.org/0000-0002-1091-2914
https://orcid.org/0000-0002-1091-2914
https://orcid.org/0000-0001-6066-507X
https://orcid.org/0000-0001-6066-507X
https://orcid.org/0000-0001-6066-507X
mailto:
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjdv.18043&domain=pdf&date_stamp=2022-03-15


diagnoses. Investigations of blood, histology, hair analysis, genetic analysis and clinical imaging are summarized and dis-

cussed. A standard blood investigation is proposed, and the need for skin biopsies with lympho-epithelial Kazal-type

related Inhibitor staining is highlighted. Overall, this review shows that diagnostic procedures narrow the differential diagno-

sis in neonatal erythroderma. A 6-step flowchart for the diagnostic approach for neonatal erythroderma during the first

month of life is proposed. The approach was made with the support of expert leaders from international multidisciplinary

collaborations in the European Reference Network Skin-subthematic group Ichthyosis.
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Background
Neonatal erythroderma (NE) is erythema or generalized der-

matitis covering at least 90% of the body surface, present at

birth or appearing during the first 4 weeks after delivery.1 Inci-

dence rate of NE patients in the Netherlands is estimated

among dermatologists to be 10 patients per 100 000 new-

borns.2 Erythroderma itself is not a diagnosis, but a phenotype.

Proper diagnosis is a challenge due to low incidence, phenotyp-

ical heterogeneity and a wide range of possible underlying diag-

noses (Fig. 1). Etiologically, six main categories are known:

congenital ichthyoses (including Netherton Syndrome (NS)),

primary immunodeficiencies (PIDs), metabolic disorders, drug

use, cutaneous infections and ‘other’.3–5 The ‘other’ group con-

tains common dermatoses, such as atopic dermatitis, psoriasis

and seborrheic dermatitis, which mainly occur after 3 months

of age.1,3,4,6 Congenital ichthyosis (including NS) (46%) and

PIDs (30%) were the main causes in two studies, although ery-

throdermic cases from both neonates and infants were

included.3,4 Previously reported mortality rate is high (16%

after a mean of 17 months) due to complications of the ery-

throderma such as dehydration, electrolyte imbalance and

infections, or due to severe and life-threatening underlying dis-

eases such as PID and metabolic disorders.4,7 An optimal diag-

nostic approach and awareness of underlying causes is

mandatory to prevent diagnostic delay, thereby decreasing the

rate of complications and death. Since a differential diagnosis

is often made on a case-by-case basis, an algorithmic approach

would be recommended. Several authors proposed a multidis-

ciplinary/diagnostic approach, which is mainly based on a dif-

ferential diagnosis perspective and not on the clinical

presentation.1,6,8–11 The present systematic literature search

provides a scoping overview of diagnostic characteristics in

cases of neonatal erythroderma during the neonatal period

specifically that can lead to a timely diagnosis. Based on these

results and the opinion of experts, a protocol for NE using an

algorithmic approach is proposed.

Methods
A scoping review was performed based on a systematic literature

search.

Search criteria and strategies
All publications which described diagnostic procedures in NE

within the first year were included. A search strategy was devel-

oped by an experienced information specialist. First search

(April 2020) was followed by a more extensive search (May

2020). The search was carried out in EMBASE, using specific

search terms (Appendix S1). Publications were selected based on

title and/or abstract. When abstracts were unavailable, full text

was consulted. Reference lists of eligible articles were checked for

other relevant publications. Finally, the included articles were

analysed for study parameters, focused on diagnostic proce-

dures, clinical symptoms, numbers of patients, age range and

diagnosis.

Inclusion and exclusion criteria
Scientific publications (January 1990 – May 2020) were

screened. English publications with clinical information (clini-

cal and neonatal characteristics, extracutaneous and systemic

symptoms) and/or diagnostic procedures (e.g. laboratory

blood analysis, bacterial culture swabs, hair analysis,

histopathology or genetics) on NE before the age of 1 year

were included. Publications on NE that contained information

about family (consanguinity and family history) and preg-

nancy (premature birth and complications) were also

included. Review articles, expert opinions, case reports and

case series were eligible. Additionally, textbooks on (paedi-

atric) dermatology were screened. Publications with erythro-

derma, starting after the 1st month of age, were excluded.

Publications were excluded when diagnostics or specific details

of the clinical onset of NE were absent. Poster presentations,

conference abstracts and publications with unavailable full

text were excluded. As underlying diagnoses, congenital
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hemidysplasia with ichthyosiform erythroderma and limb

defects (CHILD) syndrome has been excluded due to an uni-

lateral erythroderma, and Leiner disease has been excluded

because in former cases the disease seemed to be related to NS

and Omenn syndrome (OS).11–13

Group experts
Members of the European Reference Network (ERN)-SKIN sub-

thematic group Ichthyosis provided their expert opinion on the

review and algorithmic diagnostic approach.

Results
The literature search identified 2127 publications. Finally, 183

publications were screened for further analysis leaving 98 publi-

cations for qualitative analysis (Appendix S2) in which eventu-

ally 74 cases were identified. The level of evidence was low (level

4) (59 case reports and 13 case series).14

Underlying diagnoses in neonatal erythroderma
Diagnoses of the 74 case reports, including age of onset of the

erythroderma and the mean delay until the final diagnosis, are

summarized in Appendix S3. Main causes were subtypes of

ichthyoses (30/74; 40%) and PIDs (26/74; 35%). Syndromic

ichthyoses subtypes were more prevalent (23/30; 77%). Ectoder-

mal dysplasia (AEC) was described in 4 cases (6%). Other causes

were infections (4/74; 5%, all SSSS), metabolic disorders (2/74;

3%) and drug-induced erythroderma (DIHS) (1/74; 1%). A

complete overview of reported underlying diagnoses of congeni-

tal erythroderma and NE are summarized in Table 1. Underly-

ing diagnoses described in reviews or textbooks are marked with

an asterisk. Diagnoses that can be accompanied by a collodion

membrane are indicated. Relatively new diagnoses such as severe

dermatitis, multiple Allergies and metabolic wasting (SAM) syn-

drome (DSG1 gene), which can resemble NS, or SAM-like phe-

notypes (DSP gene)63 and autosomal recessive keratitis

Figure 1 Clinical pictures of patients with neonatal erythroderma. (a) Self-healing collodion baby, (b) Omenn syndrome (courtesy by Iria
Neri), (c) Ichthyosis variegata (courtesy by Anette Bygum), (d) Netherton syndrom (courtesy by Iria Neri), (e) diffuse cutaneous mastrocyto-
sis (courtesy by Iria Neri), (f) Harlequin ichthyosis (courtesy by Cristina Has), (g) Ichthyosis NOS, (h) Epidermolytic ichthyosis (courtesy by
Cristina Has), (i) Omenn syndrome.
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ichthyosis deafness (KIDAR) syndrome (AP1B1 gene) must be

considered.36,62

Congenital erythroderma was described in a total of 47/74 cases

(64%), predominantly in congenital ichthyoses (11/11; 100%),

NS (12/14; 86%) and OS (11/23; 48%). In a study on PIDs, con-

genital erythroderma was frequently seen in cases of autosomal

dominant hyper IgE syndrome (AD-HIES) (65-80%), autosomal

recessive hyper IgE syndrome (AR-HIES) (24%) and Wiskott-

Aldrich syndrome (WAS) (rare).67,79 NS often shows erythro-

derma within 1-2 days after birth.79 Metabolic disorders and

Sj€ogren-Larsson syndrome (SLS) should be considered as differ-

ential diagnoses when erythroderma develops in the first month

of life.6,80 Although one case of immunodysregulation polyen-

docrinopathy enteropathy X-linked (IPEX) syndrome was

described in the first month, erythroderma in IPEX usually occurs

after the first month.67 Although congenital psoriasis was observed

in two cases, it is rare in the neonatal phase.1,6,80 Erythroderma

due to infections and drug reactions can occur at any age.

Time until final diagnosis differs with age of onset

(Appendix S3). Mean age of diagnosis after the onset of the ery-

throderma in cases of congenital erythroderma vs non-congenital

NE is 116 days (range 1 day–5 years, median 20 days) and

102 days (range 1 day–5 years, median 15 days) (P < 0.4303)

respectively. Overall, the longest delay was observed in NS, IPEX,

Table 1 Overview of differential diagnoses in neonatal erythroderma

NON-SYNDROMAL ICHTHYOSIS

• ARCI (including lamellar ichthyosis ©, congenital
ichthyosiform erythroderma ©, Harlequin
ichthyosis ©), ichthyosis with confetti

• Epidermolytic ichthyosis © (including
ichthyosis bullosa of Siemens) *

• Ichthyosis prematurity syndrome ©

• Peeling skin syndrome type B *

• Self-healing collodion * ©

• X-linked recessive ichthyosis * ©

SYNDROMAL ICHTHYOSIS

• Netherton syndrome ©

• Sj€ogren-Larsson syndrome ©

• Chanarin-Dorfman syndrome
• Conradi-H€unermann-Happle syndrome * ©

• Keratitis-ichthyosis-deafness syndrome (KID),
KID-AR, and ichthyosis hystrix of Curth-Macklin ©

• Trichothiodystrophy ©

• IFAP syndrome *

ECTODERMAL DYSPLASIA

• Ankyloblepharon-Ectodermal defects-Cleft lip/
palate syndrome (AEC)

METABOLIC DISORDERS

• Multiple carboxylase deficiency
(Holocarboxylase synthetase deficiency *and
biotinidase deficiency *)

• Amino Acid disorders (Methylmalonic acidemia,
propionic acidemia and maple syrup
urine disease) *

• Urea cycle disorders (citrullinemia *)
• Menkes disease

INFECTIONS

• Staphylococcal scalded skin syndrome
• Congenital cutaneous candidiasis

Reference(s)

3,4,15–18

1,6,9,11,19

20
1
21
21

3,4,22–33
4
34
11,19
4,12,35,36

37
38

39–41

1,6,9,11,19,42

8

6
43

44–46
47

IMMUNODEFICIENCIES

• Omenn syndrome
• SCID
• Wiskott-Aldrich syndrome (WAS) *
• Immunodysregulation, polyendocrinopathy and

enteropathy. X-linked, syndrome (IPEX) *
• Maternal graft-versus-host disease
• Severe dermatitis, multiple allergies, and metabolic

wasting syndrome (SAM), SAM-like phenotype *

• Di George Syndrome *

• Selective IgA deficiency *

• Gaucher Syndrome type 2 ©

• AD/AR- Hyper IgE syndrome*
• X-linked agammaglobulinemia*
• CVID*

DRUGS

• Stevens-Johnson syndrome *

• Toxic epidermal necrolysis *
• Drug-induced hypersensitivity syndrome

(vancomycin , phenytoin and ceftriaxon)
• Toxic shock syndrome *

OTHER

• Atopic dermatitis *

• Psoriasis
• Seborrheic dermatitis *

• Pityriasis rubra pilaris *

• Diffuse cutaneous mastocytosis
• COFS syndrome
• Kindler EB
• After cow milk consumption
• Scabies
• Hemophagocytic lymphohistiocytosis *

• Congenital lues *

• Acrodermatitis enteropathica*

Reference(s)

4,22,48–59

3,4
1,51

4,22,60,61
62,63

1
4
64,65
66,67
66
66

8
9,19
68–70

11

19
1,9,11,19
71,72
1,7,11
73
74
75
76
77
19
19
78

AD, autosomal dominant; AR, autosomal recessive; ARCI, Autosomal recessive congenial ichthyosis; COFS, Cerebro-oculo-facio-skeletal syndrome; CVID,
combined variable immunodeficiency; EB, epidermolysis bullosa; IFAP, Ichthyosis Follicularis Atrichia and Photophobia; SCID, severe combined immunodefi-
ciency.
Diagnoses are marked when found in textbooks or reviews (*) or when associated with a collodion membrane ©
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OS and non-syndromic forms of ichthyoses such as ichthyosis

with confetti (IWC), lamellar ichthyosis (LI) and congenital

ichthyosiform erythroderma (CIE).

History features

Pregnancy, family history, consanguinity and gender
No details are known about complications during pregnancy as

a possible underlying cause of NE, and less is known about the

correlation between birth weight or pregnancy period and diag-

nostic outcome. From the 74 cases, details were extracted about

pregnancy, drug use postpartum, family history, consanguinity

and neonatal characteristics for example, e.g. gender. Details of

the pregnancy period were described in 39/74 of cases. Prematu-

rity would be more likely in cases of ichthyosis prematurity syn-

drome (IPS) and collodion babies.21,81 Preterm birth was

described in 15/74 cases (median 35 weeks; range 26–36 weeks),

mainly in neonates with NS (n = 5) (Appendix S3), and one

collodion baby (out of 2) was born prematurely (33 weeks).

Family history was positive in 13/74 cases and negative in 28/74

cases. In the present case series, a positive family history for

atopy, PID, ichthyosis, psoriasis and NS increased the risk of the

same diagnosis in the newborn. Besides NS and OS, family his-

tory of atopy was also reported in cases of seborrheic dermatitis,

atopic dermatitis and selective IgA deficiency.4 Familial erythro-

derma was reported in cases of OS and NS.4 Spontaneous abor-

tion was reported in a case of Harlequin ichthyosis (HI), while

unexplained death of siblings was reported in families with PID

and NS.4 Consanguinity was reported as a risk factor for NE in

cases of ichthyosis ((25%), NS (88%), PID (33%) and in meta-

bolic disorders.4,47 Variations exist due to cultural and regional

backgrounds, for example in Egypt consanguinity was reported

in the majority of congenital ichthyoses (79%), of which LI con-

stituted 32%.80 Chanarin-Dorfman syndrome (CDS) was found

in patients with consanguine parents from the Mediterranean,

Middle-east, Saudi Arabia, India and Japan.82 Consanguinity

was reported in 9/74 cases of which seven had lethal complica-

tions (Appendix S4). The majority of 14 NS cases were male

(57%), whereas in 23 cases of OS the majority (57%) were

female. One study reported a female predominance in NS,83

however, not confirmed by others.84 Male predominance (ratio

2,5:1) was suggested in diffuse cutaneous mastocytosis (DCM).73

Medication and nutrition
Ceftriaxone, vancomycin and phenytoin can induce NE.6,10,69

Although treatment with penicillin, aminoglycosides and cepha-

losporin can cause an erythematous rash, it rarely results in ery-

throderma.10 Zinc deficiency is a significant finding in

acrodermatitis enteropathica, although herein the erythroderma

rarely occurs in the neonatal period.

Specifically related to NE, holocarboxylase synthetase defi-

ciency manifests with alopecia, dehydration, secondary

cutaneous candidiasis and ketoacidosis. Patchy alopecia and

acrodermatitis enteropathica-like skin lesions are suggestive for

biotinidase deficiency. Psoriasis-like scaling appears periorificial

before it generalizes. As human milk contains biotins, clinical

manifestations in biotinidase deficient neonates occur earlier in

breastfed than in formula-fed babies.10

Physical examination

Collodion membrane and scaling
A collodion membrane is a descriptive term for a transient condi-

tion in newborns, without implicating a specific diagnosis or dis-

order.85 It can occur with erythroderma or the erythroderma

appears when the collodion membrane disappears.1,4,6 The collo-

dion membrane usually sheds within 3–4 weeks after birth.85 In

10% of cases a collodion membrane sheds, without leaving any

sign of ichthyosis and is known as self-healing collodion baby

(SHCB, also known as self-improving congenital ichthyosis or

lamellar ichthyosis of the newborn).86 The most common related

disorders associated with the collodion membrane are inherited

ichthyoses (Table 1).85–88 Inherited ichthyosis has been divided in

non-syndromic ichthyoses, syndromic ichthyoses and unspeci-

fied.86,89,90 From other studies, in 90% of cases of collodion

babies, non-bullous ichthyoses were the underlying diagnosis.1,80

From the case series, 4/74 cases reported a collodion membrane:

IWC, LI, Gaucher disease and holocarboxylase deficiency.

Rubio-Gomez et al. described a severity score for collodion

baby in order to predict the underlying diagnosis, based on clini-

cal characteristics, such as an ectropion and eclabium.21 A gener-

alized collodion membrane was more common in autosomal

recessive congenital ichthyosis (ARCI), while partial involvement

was more frequent in unspecified congenital ichthyosis and syn-

dromic ichthyosis.21 A 15-year retrospective study on collodion

babies in the Netherlands could not confirm this severity score.91

The presence and type of scaling in patients with NE can help

in the differential diagnosis.6 Neonatal scaling and exfoliative

erythroderma are suggestive for ichthyoses and NS.6 In ichthyo-

sis, rough, dry, scaly skin is commonly seen; brown, dark scaling

(frequently with collodion membrane) is typical for LI, while

brown and fine white scaling with erythroderma is suggestive for

CIE.3,6 Annular scaling is suggestive for NS, but the typical

ichthyosis linearis circumscripta is not always present.79 Psoria-

sis can resemble ARCI, but usually more areas of unaffected skin

can be seen.6 Recalcitrant diaper dermatitis with generalization

and pustules, sometimes with fever, could suggest erythrodermic

psoriasis, while greasy scales on scalp (cradle cap) and skin folds

(axilla, neck, retro auricular and diaper areas) suggests sebor-

rheic dermatitis.10 Perioral scale crusts in combination with

desquamation, peeling and a characteristic tenderness of the skin

suggest SSSS. Periorificial psoriasiform scaling should also sug-

gest metabolic diseases such as holocarboxylase deficiency, bio-

tinidase deficiency or acrodermatitis enteropathica. Due to
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maternal zinc suppletion, signs of acrodermatitis enteropathica

in the neonatal period are rare, especially an erythrodermic phe-

notype. Collaret scales are typical for congenital cutaneous can-

didiasis (CCC). Skin induration and pruritus is suggestive for a

PID,4 although pruritus can also manifest in NS, scabies or

desmosomal disorders, such as SAM syndrome.62

Alopecia, bullae and pustules
Alopecia is common (45-46% of cases) and is considered as a

complication of any severe type of NE.3,4 It frequently occurs in

PIDs, particularly in OS,6 but also presents in metabolic disor-

ders.4,10 Alopecia was mentioned in 12/74 cases: trichothiodys-

trophy (TTD) (1/1; 100%), NS (4/13; 31%), OS (6/23; 26%) and

AEC syndrome (1/4; 25%). Alopecia totalis or alopecia of eye-

brows and eyelashes is suggestive for a PID.4,6 Bullae can be seen

in epidermolytic ichthyosis (EI) (formerly known as bullous

ichthyosis, keratinopathic ichthyosis or epidermolytic hyperker-

atosis), staphylococcal scalded skin syndrome (SSSS) and DCM.

In EI, the bullae will diminish over time and are replaced by dif-

fuse hyperkeratosis.86 In SSSS, the skin is usually painful, and

the child can present with fever, general malaise and irritabil-

ity.6,92 The erythroderma starts abruptly with bullae developing

within the erythematous area within 24–48 h.92 There can be

desquamation with scalded appearance, mainly in friction zones,

periorificial cracking and a positive Nikolsky sign.92 Mucosae

are usually not affected and the erythema often starts in the

umbilical area (omphalitis) and diaper area (e.g. pustules,

impetigo and cellulitis).92 In neonatal DCM, a red skin and blis-

tering was reported in 17/22 cases (79%).73 Diffuse erythro-

derma is unusual in DCM that may show an indurated,

thickening of the skin (peau d’orange).6 Extensive blistering with

positive Darier sign is a more frequent presentation.6 In CCC,

papules and pustules may evolve into NE and will usually spare

the oral cavity and diaper area but may include palms and soles.6

Widely scattered spots on placenta and umbilical cord are a clue

to the diagnosis.6,9 In CCC, as being a possible opportunistic

infection, one must be aware of an underlying PID such as severe

combined immunodeficiency (SCID).93 Systemic infections are

seen especially in premature infants.6

Extracutaneous involvement and systemic symptoms
Extracutaneous symptoms can occur in other organ systems and

are often present in syndromic ichthyoses, PIDs and metabolic

disorders.12,94 Common systemic symptoms in NS are failure to

thrive (FTT) and hypernatremic dehydration.95 FTT is absent in

atopic dermatitis, minimal in ichthyosis but was described in

69% of erythrodermas, predominantly in NS and all PIDs.4,10,55

However, due to a protective effect of maternal antibodies, PIDs

rarely give systemic symptoms at birth.10 NS is highly suspected

when FTT is combined with a mild to severe erythroderma, sep-

sis and hypernatremic dehydration.6 A PID (OS or severe com-

bined immunodeficiency (SCID)) should be suspected with

lymphadenopathy and hepatosplenomegaly in combination with

diarrhoea and/or FTT.3,4,6 Opportunistic infections and candidi-

asis are mainly seen in PIDs.4

Specific combinations of cutaneous, extracutaneous and sys-

temic symptoms can be found in NS, CDS, KID and DCM as

showed in Appendix S5.79,93,95,96 Metabolic diseases are sus-

pected when desquamative erythroderma is accompanied with

neurological manifestations such as coma.6

Systemic symptoms and presence of syndromic symptoms of

the 74 cases are summarized in Appendix S4. From these 74

cases, 17 died (23%) (range 3 days – 19 months; mean 158 days;

median 60 days), with high individual mortality rates for OS (2/

8; 35%), graft-versus-host disease (GvHD) (2/3; 67%), metabolic

disorders (1/3; 33%), AEC syndrome (1/4; 25%) and NS (2/14;

18%). Complications described are septic shock, renal or hepatic

failure, multi-organ failure, secondary hemophagocytic syn-

drome, failure of the central nervous system, respiratory failure,

malnutrition, anaemia, thrombocytopenia and extensive diar-

rhoea.

Additional testing

Skin smears and culturing
If CCC or another fungal infection is suspected, a potassium

hydroxide smear is recommended. A fungal culture and eventu-

ally polymerase chain reaction (PCR) can support the diagno-

sis.97 If a local S. aureus or another infection such as SSSS is

suspected, skin swabs from infected sites or from eyes, nose,

umbilicus and the vagina of the mother should be sent for bacte-

rial culture.7,92,97

Blood tests
Sarkar stated that laboratory analysis in NE would contribute

minimally and advice to start laboratory analysis after exclusion

of atopic dermatitis, seborrheic dermatitis, ichthyosis and drug

use.97 We summarized the individual elements of laboratory

tests as recommended by other authors (Table 2). These can be

categorized in NE in general or specifically when certain diag-

noses are suspected and are stratified as ‘standard test’ or as ‘on

indication’. Hypernatremic dehydration and hypoalbuminemia

can occur in any case of NE but hypernatremia was more fre-

quently reported in NS.4,6 Eosinophilia is common in NS4,83,97

although no relation between eosinophilia and severity of NE or

underlying diagnosis in NE could be found.3,4 In DCM, elevated

levels of serum tryptase in adults are correlated with systemic

involvement in cutaneous mastocytosis, but this correlation has

not been found in children.101 Laboratory results and other diag-

nostics in the 74 patients are summarized in Appendix S6.

Identifying SCID-PIDs, newborn screening can be facilitated

by quantifying T-cell receptor excision circles (TRECs) and

kappa deleting-recombination excision circles (KRECs).99,100

A quantitative assay of immunoglobulin subsets with flow
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cytometry is recommended.97,102 However, immunoglobulins in

neonates are not fully produced yet. Why immunoglobulin-E

(IgE) is increased in neonates is unknown. IgE in newborns is

well researched in relation to the risk of developing asthma and

allergies.103,104 Atopy in the mother seems to be the highest risk

factor,103,104 and this can contribute to a higher IgE level in the

newborn.105 However, no relation between family atopy and

level of IgE level has been reported.103 Chang et al. revealed that

several genes are related to an increase of IgE production for dis-

eases such as IPEX, OS and WAS syndrome.106 This could be an

explanation of increased IgE in newborns in cases besides atopy.

Levels of IgE vary in cases of CDS (>1000 IU/mL),79 NS (982–
15302 IU/mL),83,95 WAS,106 atopic dermatitis (0–1000 IU/

mL),83,95 OS (0–45 000 IU/mL)83,95 and ichthyosis. IgA can be

reduced in NS98 or selective IgA deficiency.102 IgG levels can

be reduced in cases of immunodeficiencies, or NS but can also

be normal due to maternal IgG.98 Although not considered as a

routine investigation, elevation of activated IL17/IL-22 is mainly

seen in ichthyosis.107 Additional tests are also recommended in

cases of ichthyosis combined with alopecia and neurological

signs.

A blood smear is strongly advised when syndromic ichthyosis

is suspected. Vacuolated leucocytes called lipid droplets (Jor-

dan’s anomaly) are mainly but not only found in CDS.6,82,108,109

However, the severity of the disease is not related to the presence

of lipid droplets.108 When present, investigation of other organ

systems, such as a liver ultrasound is recommended.82

Skin biopsies
Histology of skin biopsies in NE is strongly recommended in

several studies.6,67,97,110 A biopsy can confirm the diagnosis in

~40% of cases.3,4,7 Especially high specificity and sensitivity is

reported in NS and PIDs, of which in NS due to the sensitive

staining of lymho-epithelial Kazal-type related inhibitor (LEKTI)

which is absent in NS.6,83,110 LEKTI staining is recommended

particularly in psoriasiform epidermal hyperplasia to rule out

NS,111 but in rare cases can also differentiate from desmosomal

disorders such as severe dermatitis, atopic diatheses and meta-

bolic (SAM) syndrome, that can resemble NS.62 In NS, different

histology patterns are seen, based on different phases within the

spectrum.67 In PID/OS, specific features are observed in the

majority of cases.4,67 The diagnosis of PID is made based on a

spongiotic reactions pattern with keratinocytic necrosis, satellite

cell lymphocytes and infiltrates of lymphocytes with or without

eosinophils.4,110 A biopsy is determinative in OS to differentiate

with SCID and maternal GVHD1; however, publications exist

revealing no histological difference between OS and GVHD.110

In ichthyoses, a biopsy is helpful in ~50% of cases.4 Skin biopsies

Table 2 Laboratory tests performed in patients with neonatal erythroderma

Deviation expected Altered in specific diagnosis
or in common NE

Reference(s)

Laboratory test in general

Sodium/potassium ↓↑ Common 1,3–5,7,9

Serum albumin ↓ Common 1,3–5,7,9

Complete blood count, leuco diff and platelets ↓↑ Common, NS, OS 1,4,9,83,97

Haemoglobin ↓ Common 5

Erythrocyte sedimentation rate ↑ Common 5

Serum creatinine and serum urea ↑ Common 7

C-reactive protein ↑ Common 9

Laboratory test on indication

Capillary blood gas ketoacidosis Common 1

Natural Killer (NK-) cells ↓ NS 98

Immunoglobulins IgE, IgG, and IgA ↓↑ NS, Omenn, AD, WAS, IPEX, IgA deficiency 12,84,97,98

T and B lymphocytes ↓ PID 99,100

Serum zinc and alkaline phosphatase ↓ Acrodermatitis enteropathica 97

Biotinidase and holocarboxylase essays ↓ Biotinidase and holocarboxylase deficiency 97

Serum tryptase ↑ Diffuse Cutaneous Mastocytosis 73,101

Serum creatin kinase ↑ CDS 82

Ceruloplasmin and serum copper ↑ Menkes disease 43

Glucose ↓ Common 7,9

Ammino acids (urine) ↑ NS 83

Serum ammonia ↑ Metabolic diseases 7,9

Serum Calcium ↓ DiGeorge 102

AD, atopic dermatitis; CDS, Chanarin-Dorfman syndrome; IPEX, Immunodysregulation polyendocrinopathy enteropathy X-linked; NS, Netherton syndrome;
OS, Omenn syndrome; PID, primary immunodeficiency; WAS, Wiskott-Aldrich syndrome.
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were taken in cases of psoriasis (2/2), OS (9/24), NS (7/14),

GvHD (2/3), DCM (1/1), AEC (3/4), non-syndromic ichthyosis

(4/10), syndromic ichthyosis (1/2), metabolic disorder (1/3) and

other (1/4). Besides classical H&E staining, electron microscopy

examination may be helpful, for example, in NS.28 Ultrastruc-

tural examination is not frequently performed nowadays. Skin

histology is also helpful in SSSS6 and EI.1,6 In bullous skin dis-

eases, EI can be differentiated from SSSS and hereditary epider-

molysis bullosa (EB).1 Also, in cases of skin detachment, to

determine the level of detachment, immunofluorescence on skin

biopsies is most valuable on narrowing the diagnosis. The rec-

ommended number of biopsies range from 2110 to 397 although

original literature herein refers to obtain multiple biopsies in

adult erythroderma, in which diagnosis confirmation could bet-

ter be determined compared to a single biopsy.112

When a punch biopsy is not feasible or permitted, an alterna-

tive approach is described to differentiate between EI, toxic epi-

dermal necrolysis (TEN) and SSSS: the ‘jelly roll’ frozen

technique was described and proposed for cases of vesiculo-

bullous diseases of the newborn, wherein sloughed skin is

wrapped around a cotton tipped applicator and subjected to fro-

zen section analysis.113

Hair analysis
Hair abnormalities are known in genetic disorders, such as NS,

Menkes disease, TTD, uncombable hair syndrome and loose

anagen hair syndrome. NS, Menkes disease and TTD are herein

associated with NE. Hairs can be investigated through der-

moscopy, reflectance confocal microscopy, optical microscopy

and electron microscopy.114

In the published cases, hair analysis was limited to NS,

Menkes disease and TTD, which showed characteristic features

such as trichorrhexis invaginata, pili torti and trichorrhexis

nodosa. In NS, also samples of pili torti and trichorrhexis

nodosa were found. Hairs of scalp, eyebrows or eyelashes seems

suitable for investigation.83 One study advises to cut the hairs

instead of plucking them.83,115 In TTD, hair shaft abnormalities

will be profoundly seen in area of repeated trauma such as the

occipital area.115 In NS, hair from eyelashes are easier to investi-

gate than from the scalp.116 Trichorrhexis invaginata (bamboo

hair) is specific for NS.11,117 Trichorrhexis nodosa seems non-

specific, while seen in ectodermal dysplasia, TTD, NS and

Menkes disease.83,115,118 In Menkes disease, due to mutations in

the copper transporting ATPase, all the copper enzymes are

defective and the cross-linking of collagen, elastin and keratin is

impaired. Macroscopically, the hair is sparse, fine, slow growing,

depigmented and lusterless with a peculiar steely consistency.

On microscopic examination, pili torti or kinky hair is

observed43,117,118 but this can also be found in NS.79,83, Tri-

choschisis, characterized by linear fracture of the hair shaft,

given it the appearance of a ‘tiger tail’ is specific for TTD under

polarized light microscopy.117,118 Although not seen in the

current literature case series, the majority of patients with ker-

atosis ichthyosis deafness (KID) syndrome suffer from alopecia

due to hair deformities.119 In a study on trichoscopy in erythro-

derma, hair deformities were found in 41% (mainly in NS), 31%

in cases with neurological impairment and in 33% of cases with

immunological defects.119 Hair abnormalities are not always

present at the onset of NE, but many details are unknown. In

cases of NS, trichorrhexis invaginata was found after an average

of 10 months 4 with a range from 7 months3 to several years.79

Therefore, repeated hair samples may be required to confirm the

diagnosis.

Molecular genetic analysis
Genetic mutation analysis is available for almost the complete

differential spectrum of NE, but features prominently in diag-

nosing primary immunodeficiencies, metabolic disorders and all

types of ichthyoses (syndromic and non-syndromic). In

ichthyoses, 13 genes are currently associated with ARCI:

ABCA12, ALOX12B, ALOXE3, CASP14, CERS3, CYP4F22, LIPN,

NIPAL4, PNPLA1, SDR9C7, SLC27A4 and TGM1).1 However, in

not all patients a known mutation is found.6 TGM1 mutations

was most frequently (30-75%) found in ARCI patients but var-

ied due to geographical and cultural origin.80,120–122 A correla-

tion between phenotype and genotype variations has been

described in SPINK5, associated with NS.3,98

Genetic analysis was performed in 39/74 cases and found pos-

itive in 30/74 (41%) cases; in OS (16/24; 67%), NS (4/14; 29%),

AEC (3/4; 75%), HI (2/4; 50%), EI (2/2; 100%) and non-EI (3/4;

75%). In cases of OS, mutations were found in RAG1 (14/16;

88%), RAG2 and Artemis. Mutation analysis was also diagnostic

in single cases of TTD, IPEX, Menkes disease, KID, holocarboxy-

lase deficiency and kindler epidermolysis bullosa (EB). Remark-

ably, in a case of HI, DNA was extracted from hairs.14 No

mutation was found in cases of SSSS, DCM and CDS.

Recently in a prospective study, in 70% of patients with NE, a

mutation could be detected by next generation sequencing

(NGS), with a selected gene panel of 60 genes123 that will be

adjusted according to this review (Appendix S7). Based on the

diagnostic delay in cases of NS, OS, IPEX and non-syndromic

ichthyosis in this review, one can assume that performing muta-

tion analysis in an early phase is important to limit complica-

tions. Although in most cases in this review genetic analysis was

performed on blood samples, collecting material via non-

invasive methods are important to consider as a future alterna-

tive in patients with NE. Collecting saliva in neonates with buc-

cal swabs for DNA and RNA sampling seem very promising, but

different techniques herein determine optimal outcome.124

Imaging investigations
Several imaging investigations are described as useful for the

diagnosis in NE, especially in PIDs related to NE.102 In X-linked

agammaglobulinemia, chest X-rays shows sparse lymphoid tissue
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(tonsillar and adenoidal), while in common variable immunode-

ficiency (CVID), bronchiectasis, bronchial wall thickness and

atelectasis are seen.125,126 In CVID, a magnetic resonance imag-

ing (MRI) of the central nervous system can display diffuse lep-

tomeningeal thickness and enlargement with cerebral atrophy

and abscesses.125 In SCID and DiGeorge syndrome (DGS), chest

X-ray can show a narrow upper mediastinal contour and ret-

rosternal lucency, due to the absence of thymus.125,127 In SCID,

DGS and WAS recurrent pneumonias can be seen.128 As is

shown in Supplemental S5, skeletal deformities can be visualized

with X-rays in SLS, Conradi-H€unermann-Happle syndrome

(CHH) and DGS. Echocardiography can be performed when

suspicion arises for DGS, SLS or KID. In our cases found, inves-

tigations such as X-rays (NS, Menkes disease and DCM), ultra-

sonography (AEC), EEG (Menkes disease) and MRI (DCM)

were performed, though in the majority did not lead to the diag-

nosis. Considering that imaging can be useful in typical cases,

imaging is predominantly performed after the neonatal period.

Assessment of diagnostic approach
A multidisciplinary approach is highly recommended by previ-

ous publications wherein an alternative approach in patients

with NE was reported.1,6,9–11,90,94 According to this scoping

review, many aspects of diagnostics contribute in finding a

highly suggestive or definite diagnosis in patients with NE.

A multidisciplinary 6-step diagnostic approach is proposed

(Fig. 2).

Step 1. A combined approach of dermatologists and paedia-

tricians is recommended with a complete medical history

(pregnancy, complications and miscarriages, recent medica-

tion use, consanguinity, family history of PID, ichthyosis,

atopy and psoriasis) and physical examination with special

attention to the presence of collodion membrane, alopecia,

blisters and pustules. The collodion membrane suggests a

subtype of ichthyoses. When blisters are present, it is recom-

mended to perform an additional skin biopsy (in addition

to step 3) for immunofluorescence microscopy to detect the

level of blister formation, and have the possibility to detect

absence/reduction in desmosomal proteins. Exclude bacte-

rial or fungal infections such as SSSS or CCC, by taking

swabs.

Step 2. In all cases of NE a baseline laboratory blood test

should be started for ‘NE in general’ (Table 2). Evaluate find-

ings of step 1 and blood test results to specify a diagnosis.

Step 3. If no diagnosis is found, blood tests should be

expanded (Table 2), and histology of skin performed (in-

cluding LEKTI staining) eventually also trichoscopy. A single

skin biopsy is sufficient for evaluation by a dermatopatholo-

gist. After genetic counselling and consent, whole blood sam-

ples (or DNA) can be sent for molecular genetic testing (e.g.

Sanger sequencing, targeted NGS panel, WES and WGS)

(Appendix S7). Genetic testing in an early phase is recom-

mended.

Step 4. Investigate for extracutaneous, syndromic and/or sys-

temic symptoms. If present, consult a paediatric immunolo-

gist, neurologist, cardiologist, ENT specialist or

ophthalmologist. The combination of neurological signs, hair

abnormalities and specific extracutaneous symptoms can

narrow down the possible diagnosis towards types of syn-

dromic ichthyosis such as NS. PIDs and metabolic diseases

should be excluded, especially in cases with failure to thrive,

superimposed infections or lack of response to therapy. On

indication, further research can be done.

Step 5. When step 4 shows no abnormalities, consider an

inherited ichthyosis. Also consider benign inflammatory skin

disorders, such as atopic dermatitis, psoriasis and seborrheic

dermatitis, which are rare in the neonatal period and when

erythrodermic, mainly manifest after three months of age.

Step 6. No recommendations on follow-up are known, but

we recommend first check within 1-2 weeks after first clinical

evaluation, if possible by a neonatologist or paediatrician and

a dermatologist in an academic hospital. Then, a complete

physical examination and re-evaluation of systemic or extra-

cutaneous symptoms if indicated.

Discussion and conclusions
NE comprises a heterogeneous group of underlying potentially

life-threatening diagnoses. This literature review on NE system-

atically describes the many characteristics based on the medical

history, family history, physical characteristics and additional

diagnostic tests that can aid the clinician in narrowing the differ-

ential diagnoses. The aid of the ERN-SKIN-subthematic group

Ichthyosis have resulted in an expert opinioned diagnostical

approach for practical use.

Additional testing is recommended and helpful in the

majority of cases wherein molecular genetics is preferred to

start in an early stage of the diagnostic process. However, they

are less feasible in cases of (financial) restrictions or lack of (fa-

milial) consent and genetic testing is a time-consuming process

in which the results are not always known on a short notice. In

those cases, the multidisciplinary diagnostic proposed can be

very helpful. Molecular genetics is an evolving area nowadays

though, wherein establishing a diagnosis can be done more

quickly in time to come. In specific cases, such as bullous char-

acteristics, PIDs and NS, histology of skin biopsies (including

LEKTI staining) is a critical element that can easily exclude

other causes of NE. Blood tests are needed in NE in general, to

reduce and monitor common complications as hypernatremia,

dehydration and infections. Specific blood tests can be initiated

on indication when metabolic disorders, syndromic ichthyoses

or PIDs are suspected and infectious diseases are excluded. In

collodion babies, the approach with diagnostic tests could be
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limited because the etiological entities in congenital ichthyoses,

wherein metabolic diseases and PIDs are not obvious. Imaging

studies seems to have minimal added value in most cases

of NE.

The strengths of this review are the systematic literature

search, the assistance of a library expert and the expert opinion

by the ERN-SKIN group. Limitations are the design of a scoping

review, and included cases are prone to publication bias. Future

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Diagnosis found?

No Yes

Diagnosis found?

No Yes

Yes

No

Erythroderma at birth or during first 4 weeks

Advice: refer for multidisciplinary treatment 
(Academic Hospital – Children’s Hospital)

1st consult dermatologists and pediatricians/
neonatologists

Physical 
examination

Alopecia?
Nonspecific 
if present, if 
generalized 

consider PIDs

Collodion and 
scaling?

If collodion, 
consider e.g. 
ichthyoses

Pustules or 
vesicles?

If yes, culture, 
consider e.g. CCC

Bullae or blisters?
If yes, consider e.g. 
EI, SSSS or DCM

Advice: Skin biopsy 
(+IF) + serum 

tryptase 

Medical history: pregnancy, family history, drugs, consanguinity, age of onset

Baseline blood test: complete blood count, serum sodium, potassium, albumin, urea, creatinine; 
C-reactive protein, differential leukocyte count, platelets, hemoglobin

When syndromic ichthyoses, PIDs or metabolic disorders are excluded, consider congenital non-
syndromic ichthyoses or rare diagnoses in the neonatal period such as atopic dermatitis, psoriasis, 

seborrheic dermatitis

If other symptoms occur, re-evaluate physical examination, extracutaneous- or systemic symptoms

Syndromic and/or 
extracutaneous and/or 
systemic symptoms?

Consult neuro/ENT/OPTHALM and immunologist to 
consider syndromic ichthyoses, PIDs or metabolic 

disorders
Further blood test or imaging test on indication

Extended blood test (e.g. immunoglobulins) Skin biopsy (incl LEKTI stain)

Molecular analysis (e.g. NGS panel) Trichoscopy

Treatment of working diagnosis + follow-up

Figure 2 A 6-step approach of neonatal erythroderma.
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recommendations in the approach of NE include a high sensitiv-

ity of skin biopsies, short-time delay of molecular genetics, and

an ongoing multidisciplinary approach in these rare cases. In the

Netherlands based on the literature, a NGS NE panel has been

developed that is available internationally.

In conclusion, this scoping review with a systematic literature

search highlights the characteristics all around NE and proposes

a systematic diagnostic approach for all patients with NE, with

help from expert opinion of the ERN-SKIN group-subthematic

Ichthyosis.
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