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Abstract
Purpose of Review The hyper IgE syndromes (HIES) comprise a group of rare primary immunodeficiency disorders
(PIDDs), which are characterized by extremely high serum IgE levels, eczema, recurrent skin and pulmonary infections.
Both autosomal dominant (AD) HIES due to STAT3 mutations and autosomal recessive (AR) HIES due to PGM3, SPINK5,
DOCK8 and TKY2mutations have been reported. Here, we aim to summarize and compare the major clinical manifestations
of different subtypes of HIES. We will also discuss otitis media, which usually do not get enough attention in HIES. Update
and familiarity with these clinical features will help to make a better diagnose, assessment and treatment of HIES.
Recent Findings Although hyper serum IgE levels have been identified in PGM3 deficiency and Comel–Netherton syndrome,
PGM3 and SPINK5 genes were not included in the list of genetic etiologies of AR-HIES by the Expert Committee of the
International Union of Immunological Societies until 2015. The identification of these HIES-causing genes greatly promoted
the pathogenic mechanism studies of HIES. Also, in recent years, more clinical manifestations, which were often not of concern
in HIES patients, have been shown to be highly related to HIES. For example, a significantly high frequency of vascular and
gastrointestinal abnormities has been reported in STAT3-deficient AD-HIES patients. These new findings might help to provide
new clues to the functional study of these HIES-related genes.
Summary This review summarizes and compares the major clinical manifestations of different subtypes of HIES, and we suggest
that the incidence and severity of otitis media should not be underestimated in HIES patients.
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Introduction

The hyperimmunoglobulin E syndromes (HIES; OMIM no.
147060) comprise a group of rare primary immunodeficiency

disorders (PIDDs), which are characterized by extremely high
serum IgE levels, eczema, and recurrent skin and pulmonary
infections [1]. In 1966, HIES was firstly reported by Davis et
al. [2] as Job’s syndrome in two unrelated girls with recurrent
“cold” staphylococcal abscesses and pulmonary disease. The
term of “hyper-IgE syndrome” was introduced by Buckley et
al. in 1972, in which two patients with Job’s syndrome were
reported to have very high serum IgE levels [3].

Both autosomal dominant (AD) and autosomal recessive
(AR) modes of inheritance have been reported in HIES pa-
tients, of which AD-HIES was the most common form of this
disease [4]. In addition to the typical characteristic of HIES
mentioned above, patients with AD-HIES have also been re-
ported to have some unique clinical manifestations, such as
distinctive facial features, retained primary teeth and skeletal/
connective tissue abnormalities, which are rarely reported in
patients with AR-HIES [1]. The HIES-causing gene was not
identified until 2006 when a homozygous deletion in Tyrosine
kinase (TYK)2 was first reported in a boy with elevated IgE,
eczema and recurrent infections [5], and the TYK2 gene was
identified as a HIES-causing gene. Then, in 2007, dominant-
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negativemutations in the signal transducer and activator of the
transcription factor 3 (STAT3) gene were identified as leading
to AD-HIES [6]. Subsequently, in 2009, both homozygous
and compound heterozygous mutations in the DOCK8 gene
were identified in patients with AR-HIES [7]. More recently,
the genes encoding phosphoglucomutase (PGM)3 and serine
protease inhibitor Karzal type (SPINK)5, whose mutations
lead to PGM3 deficiency and Comel–Netherton syndrome,
respectively, were also included in the list of genetic etiologies
of AR-HIES [8••]. The identification of these disease-causing
genes greatly promoted the pathogenic mechanism studies of
HIES.

In fact, HIES patients caused by different genetic etiologies
share some clinical manifestations on the one hand, while, on
the other hand, different subtypes of HIES have some their
characteristic clinical features. In this review, we will mainly
focus on the clinical features, including otitis media, of HIES.

Cutaneous Manifestations

Most HIES patients were reported to have a history of a new-
born rash. The newborn rash usually started within the first
month after birth and presented as the first clinical manifesta-
tion of HIES [9]. Eosinophilic infiltrate may be found by
biopsy. The newborn rash usually starts at the face or scalp
as pink papules, then developed into pustules within a few
days of onset. Typically, the rash may ooze and spread to other
parts of the body, then progress to include other parts of the
body. In many cases, the rash has a protracted course that
develops into eczema, often worsened by Staphylococcus
aureus infection, while in others, there can be an improvement
or resolution following treatment with oral antibiotics or top-
ical hydrocortisone cream. Control of eczema is typically most
efficient with antistaphylococcal therapy, either with antimi-
crobials or antiseptics. Although the frequency and severity of
the newborn rash varies in HIES due to different gene defi-
ciency, the early onset, severe newborn rash and eczema are
considered as shared features of both AD- and AR-HIES [10,
11].

Atopic dermatitis (AD) is clinically diagnosed based on
chronic pruritic eczema with a distinct appearance and distri-
bution. Because of impaired innate immunity and the barrier
function of the skin, patients with AD are at high risk for
disseminated viral infections and bacterial colonization,
resulting in staphylococcal skin infections [12]. The rash ob-
served in HIES has been reported to be very similar to AD
clinically and histopathologically [13]. Erlewyn-Lajeunesse et
al. mentioned that the distribution of the rash in HIES was
atypical for atopic dermatitis [14, 15•]. Eberting et al. reported
that a majority of (28/43, 65%) patients with a clinical diag-
nosis of HIES fulfilled the criteria for AD [10]. Therefore,
differentiating HIES from AD is important for giving optimal

treatment at an early age before serious complications occur
[12]. The following are some differences between HIES and
AD. Firstly, the distribution and timing of skin symptoms is
different between HIES and AD. The skin involvement is
usually located in the face and extensor surfaces in HIES
patients and has an early onset before 1 month of age, while
it is usually located in flexural surfaces of the body in AD and
has a relatively late onset after 2–4 months of age. Secondly,
AD is often associated with a history of other allergic disor-
ders such as food allergy, asthma, and allergic rhinitis, which
is rarely reported in AD-HIES. Thirdly, staphylococcal infec-
tions in AD are usually superficial, whereas deep-seated ab-
scesses are prone to be developed in HIES patients. Fourthly,
mucocutaneous candidiasis is also occurs frequently in HIES,
but not in AD. In fact, although skin manifestations in HIES
are not confined to AD-like skin lesions, the dermatitis in
HIES invariably becomes infected or colonized with
Staphylococcus aureus, thus providing the necessary condi-
tions for an “autosensitization reaction” and a generalization
of more severe dermatitis. Although these acute episodes of
infection can be resolved, recurrences are often reported if
patients fail to take prophylactic antibiotics [11].

Recurrent skin infections caused by bacterial, virus and
fungi are also commonly observed in HIES patients. As de-
scribed in the original report of Job’s syndrome, “cold’ ab-
scesses caused mainly by S. aureus, which are characterized
by a lack of pain and insufficient inflammatory response than
expected of typical staphylococcal abscesses, is a typical fea-
ture of AD-HIES [16]. The abscess may be large and some
patients need surgical incision and drainage [4]. A consider-
able number of AD-HIES patients are reported to have “cold’
abscesses, for example, up to 73% patients in a large French
cohort study and 52.94% patients in our previous study in
China [4, 17]. Unlike AD-HIES, AR-HIES has an increased
susceptibility to typical staphylococcal skin abscesses [16]. In
addition, most AR-HIES patients with DOCK8 deficiency
have been reported to have recalcitrant, widespread and
difficult-to-control cutaneous viral infections, which are ab-
sent in AD-HIES patients with STAT3 mutations. The most
common viruses involved in DOCK8 deficiency are herpes
simplex virus (HSV), human papillomavirus (HPV),
molluscum contagiosum virus (MCV), and varicella-zoster
virus [18]. In addition, HIES patients are susceptible to chron-
ic mucocutaneous candidiasis, including thrush, onychomy-
cosis and genitalia infection, which are usually effectively
managed with a combination of oral and topical antifungal
agents [13].

Pulmonary Manifestations

Infectious disease is the hallmark of primary immunodeficien-
cy diseases, in which upper and/or lower respiratory tract
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infections have been most commonly reported in HIES pa-
tients [19]. Pneumonia often occurs in early childhood, and
the most common infected organisms are Staphylococcus
aureus, Streptococcus pneumoniae and Haemophilus
influenzae. However, pneumonia has rarely been reported in
patients with SPINK5mutations [20]. It has been reported that
AD-HIES patients had exaggerated parenchymal damage,
thus leading to high incidence of pulmonary cysts
(pneumatoceles) following pneumonia [21]. The incidence
of pneumatoceles in AD-HIES patients was as high as
41.18% in our previous study and was 52% in a French na-
tional study [4, 17]. Although pneumatocele formation was
previously presumed to be pathognomonic for STAT3-
associatedHIES, a considerable number of HIES patients with
PGM3 mutations have been reported to suffer from
pneumatocele [22]. In addition, pneumatocele has also been
reported in a few patients with DOCK8 mutations. Secondary
bronchiectasis has also been commonly reported in HIES pa-
tients following pneumonia. For patients with DOCK8 defi-
ciency, although rare pneumatocele formation has been ob-
served, a significantly high incidence of bronchiectasis has
been reported [23]. High incidence of bronchiectasis caused
by recurrent pulmonary infections has also been frequently
observed in patients with PGM3 deficiency [22]. Prophylaxis
combining oral antibiotics and IgG injections seems to be
particularly beneficial in patients with recurrent pulmonary
infections, and antifungal prophylaxis should be offered to
patients with pneumatocele or bronchiectasis [17].

Otitis Media

Otitis media is one of the most common infections in child-
hood. It is reported that up to 80% of children have suffered
from at least one episode of otitis media within their first 3
years of life. Antibiotic treatment is usually effective and thus
it is not considered to be a worrisome problem [24]. The
different anatomy and the immature immune system of the
eustachian tube contributes to the increased incidence of otitis
media in children. Other factors, such as adenoidal hypertro-
phy, parental smoking, breast feeding and diet, are also report-
ed to be correlated with the occurrence of acute otitis media in
children [25]. However, in some cases, otitis media is an early
manifestation of a severe underlying disease and should not be
underestimated [26•]. It has been suggested that suspicions of
immunodeficiency should increase when ear infections are
frequent, suppurative, unresponsive to antibiotics, caused by
unusual organisms, or seen in the context of other frequent
infections, severe eczema, or failure to thrive [25]. In fact,
recurrent otitis media has been considered as one of the most
important warning signs of PIDDs, including selective IgA
deficiency, common variable immunodeficiencies (CVID),
severe combined immunodeficiencies, HIES and so on [26•].

Most AD-HIES patients have been reported to have a his-
tory of otitis media. In our previous single-center studies of
Chinese HIES patients, otitis media was one of the most com-
mon infectious diseases and about half the patients had suf-
fered from recurrent otitis media [4]. The incidence was up to
73% in a French national AD-HIES study [17]. However,
many reports in the literature related to AR-HIES did not
pay enough attention to otitis media, and the incidence and
the importance of it seems to be underestimated. Zhang et al.
reported that 8 of 9 AR-HIES patients with PGM3 mutations
suffered from otitis, including 3 of recurrent acute otitis media
and 6 of chronic otitis externa, respectively [27]. Pedersen et
al. reported that all three PGM3-HIES patients had recurrent
otitis media [28]. Engelhardt et al. observed 6 of 27 (22.2%)
DOCK8-deficient AR-HIES patients suffered from recurrent
or chronic otitis media, and 7 of 27 patients (25.9%) were
reported to have recurrent or suppurative otitis, while lacking
further detailed information [7]. The first reported TYK2-
deficient AR-HIES patient was also mentioned to have recur-
rent otitis media [5]. Furthermore, some HIES patients with
otitis media were reported have progressive infections leading
to complications such as mastoiditis and external otitis [29]. In
fact, studies have shown that humoral immune deficiencies
were most likely to present with recurrent otitis media as the
chief complaint. In our single-center study, the incidence of
recurrent otitis media was 41.5% in 174 patients with X-
linked agammaglobulinemia [30]. In an analysis of CVID
patients, 69% patients with relapsing or chronic otitis were
reported [31]. It seems that the incidence of otitis media in
HIES patients, especially AD-HIES patients, is not lower than
these humoral immune-deficient disorders. Therefore, we sug-
gest that the incidence and severity of otitis media should not
be underestimated in HIES patients.

In addition, other ear, nose, and throat infections, including
recurrent and chronic sinusitis, severe pharyngitis, laryngitis,
and/or rhinitis tonsillitis, have also been reported in HIES
patients [29] .

Gastrointestinal Manifestations

A majority of AD-HIES subjects develope gastrointestinal
(GI) manifestations as part of their disease. A high overall rate
of eosinophilic infiltration throughout the GI tract has been
observed in AD-HIES, with the most common manifestations
being gastroesophageal reflux disease, dysphagia, and abdom-
inal pain. In addition, GI infections, including esophageal
candidiasis, esophageal cryptococcus, and esophageal EBV,
have been observed in some AD-HIES patients. These find-
ings suggest that the STAT3 pathway might be involved in the
pathogenesis of some GI disorders [32]. In addition, GI infec-
tions, which were usually accompanied by acute or chronic
diarrhea, have also been reported in some AR-HIES patients
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with DOCK8, TYK2 or PGM3 mutations, but rarely in pa-
tients with SPINK5 mutations [7, 22, 33].

Somatic Non-immunological features

It is thought that AD-HIES can be distinguished from other
type of HIES by its characteristic facial features, distinctive
connective tissue, skeletal, and dental abnormalities [34].
Characteristic facial features have been observed in almost
all AD-HIES patients with STAT3mutations, including a high
and prominent forehead, prognathism or retrognathism, en-
largement of the interalar distance, thickening of the soft tis-
sues of the ear or nose, high arched palate, and so on. Usually,
the characteristic facial features clearly tend to increase with
age. In addition, retention of primary teeth occurs in most AD-
HIES patients, which may impair secondary dentition emer-
gence [34]. Connective tissue and skeletal abnormalities in
AD-HIES patients include osteoporosis, minimal trauma frac-
tures, scoliosis, hyperextensibility of joints, degenerative
spine disease, and craniosynostosis [34, 35]. In recent years,
it has been reported that some patients with mutations in
PGM3 also have characteristic dysmorphic face, musculoskel-
etal, and connective tissue manifestations. Characteristic face
with wide nostrils and prominent lips, as well as scoliosis,
have been observed in patients with PGM3 mutations [22].
However, these facial features, connective tissue, skeletal, and
dental abnormalities are infrequent in other etiology of HIES
[36].

Neurologic impairment from early life is a typical manifes-
tation of HIES patients with PGM3 mutations. The most fre-
quent clinical symptom is a developmental delay, ataxia, low
intelligence quotient, followed by psychomotor retardation,
hypotonia, dysarthria, sensorineural hearing loss, and myoc-
lonus [22, 27, 28]. However, only a minority of patients with
developmental delay and psychomotor retardation have been
reported in other subtypes of HIES. In DOCK8-deficient pa-
tients, the central nervous system involvement includes vas-
culitis, brain infarction, meningitis, and so on [23].

Vascular anomalies and their associated vascular events
have been reported to contribute to significant morbidity and
mortality in HIES patients. Vascular abnormalities have been
reported in all subtypes of HIES, including aneurysms (coro-
nary, aortic, carotid and cerebral), pseudoaneurysms, congen-
ital patent ductus venosus, superior vena cava syndrome, vas-
culitides, vascular ectasia, thrombosis and others [37].
Subsequently, a further study has reported that vascular abnor-
malities are highly prevalent in the STAT3-deficient AD-HIES
adult patients by cardiac CT and MRI. Coronary artery tortu-
osity or dilation have been identified in 70% and aneurysms in
37% of STAT3-mutated HIES patients, which indicate that
STAT3 is involved in vascular remodeling [38].

Malignancy

A history of hematologic malignancy has been reported in
some AD-HIES patients with STAT3 mutations, including
non-Hodgkin lymphoma (NHL), Burkitt lymphoma, dis-
seminated anaplastic lymphoma kinase-negative anaplas-
tic NHL and diffuse large B-cell lymphoma. Chemother-
apy was reported to be effective in these patients. Other
reported malignancies in AD-HIES include leukemia and
cancers of the vulva, liver, and lung [34]. Malignancies
are more commonly reported in DOCK8 deficiency than
in AD-HIES. About 10–36% of patients with DOCK8
deficiency develop cancers, with squamous cell carcino-
mas, Burkitt lymphoma and diffuse large B-cell lympho-
ma occurring frequently [21]. The squamous cell carcino-
mas in DOCK8 deficiency are most likely related to HPV
and difficult to cure [34]. In addition, patients with PGM3
mutations have also been reported to suffer from lympho-
ma [22].

Laboratory Findings

Individuals with HIES typically have quite elevated serum
IgE levels. However, there is no clear correlation between
disease severity and the serum level of IgE [34]. A value
of 2000 U/ml is usually taken as a cut-off point, which
has proved helpful in establishing a definitive diagnosis of
AD-HIES [39]. Interestingly, serum IgE levels in some
AD-HIES patients may decrease with age and fall within
a normal range, while the severity of infectious complica-
tions in patients with AD-HIES do not correlate with se-
rum IgE levels [39]. In addition to high serum IgE levels,
eosinophilia is also commonly reported in AD-HIES pa-
tients due to STAT3 mutations and in AR-HIES patients
with DOCK8 and PGM3 mutations. In addition, although
total lymphocyte counts are usually normal in AD-HIES
patients, a further subset analysis has shown that memory
T and B cells are decreased in these patients. Moreover,
patients with DOCK8 mutations are frequently reported to
have lymphopenia, with T, B and NK cells all decreasing
[34]. Decreases in serum IgM and specific antibodies are
also frequently observed in patients with DOCK8 defi
ciency.

Comparing the Major Clinical Manifestation
of Subtypes of HIES Due to STAT3, PGM3,
SPINK5, DOCK8 or TYK2 Mutations

The hyper-immunoglobulin E syndromes are a group of rare
multisystem primary immunodeficiency diseases caused by
mutations in STAT3, PGM3, SPINK5, DOCK8 or TYK2.
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Although some clinical manifestations are similar in all sub-
types of HIES, such as elevated serum IgE levels, eczema and
recurrent skin and lung infections, different gene phenotypes
are correlated with distinct disease manifestations characteris-
tic for each subtype of HIES (Table 1).

AD-HIES patients characteristically have some nonim-
munological features, such as distinctive facial features,
retention of primary teeth, abnormal bone fractures,
hyperextensibility and scoliosis. In addition, these patients
also characteristically have ‘cold’ abscesses in skin and

soft tissue, which are atypical staphylococcal abscesses
lacking warmth and tenderness. In addition, most STAT3
-HIES patients suffer from pneumatocele and bronchiec-
tasis formation following recurrent pneumonia caused by
pyogenic bacteria. Moreover, chronic mucocutaneous can-
didiasis due to reduced T17 responses, which occur in a
large proportion of STAT3-HIES patients, is another hall-
mark of AD-HIES [40].

HIES caused by DOCK8 mutations account for the ma-
jority patients with AR-HIES. The shared manifestation of

Table 1 Comparison of clinical
manifestation in HIES caused by
different gene mutations

Clinical manifestation AD-HIES AR-HIES

STAT3 PGM3 SPINK5 DOCK8 TYK2

Newborn rash +++ + +++ + ++

Eczema +++ +++ +++ +++ ++

Atopic dermatitis ++ +++ + +++ +

Other atopic diseases

Asthma + + + ++ -

Rhinitis + ++ ++ + -

Allergies (Food, drugs and environmental
allergies)

+ ++ +++ +++ -

Cold abscesses ++ - - - -

Cutaneous infections

Bacterial +++ ++ ++ +++ ++

Viral - ++ - +++ +++

Mucocutaneous candidiasis +++ ++ ++ ++ +

Congenital ichthyosis - - +++ - -

Trichorrhexis invaginata - - +++ - -

Pneumonia +++ +++ + +++ +++

Pneumatocele ++ ++ - - -

Bronchiectasis ++ ++ - + -

Otitis media +++ +++ - ++ +

Somatic non-immunological abnormalities

Distinctive facial features +++ ++ - + -

Retention of primary teeth +++ - - + -

Abnormal bone fractures ++ - - - -

Hyperextensibility ++ + - - -

Scoliosis + + - - -

Neurologic impairment

Developmental delay - +++ - - -

Ataxia - +++ - - -

Low IQ - +++ - - -

Cardiovascular abnormality ++ + - + -

Gastrointestinal manifestations ++ ++ - + ++

Malignancies

Lymphoma + + - + -

Squamous cell carcinoma - - - + -

Elevated IgE level +++ +++ +++ ++ +

Eosinophilia ++ +++ - +++ -
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STAT3 and DOCK8 deficiency include high serum IgE
levels, eosinophilia, eczema, recurrent staphylococcal skin
abscesses, frequent pneumonia and candidiasis. However,
DOCK8-HIES patients often suffer from severe and refrac-
tory cutaneous viral infections and various allergic diseases,
including asthma, allergies to food and drugs and environ-
mental allergies. In addition, DOCK8-HIES patients rarely
develop pneumatocele as sequelae of their recurrent pneu-
monias [41]. AR-HIES patients due to PGM3 deficiency,
can be discriminated from other subtypes of HIES by their
neurological involvement, such as developmental delay,
low intelligence quotient, failure to thrive, and psychomotor
retardation. PGM3-HIES patients have also been reported
to have high frequencies of eczema, atopic dermatitis, rhi-
nitis, and multiple allergies [22]. AR-HIES patients with
SPINK5 mutations characteristically have localized or gen-
eralized congenital ichthyosis, and hair shaft abnormalities,
which are absent in other subtypes of HIES [42]. However,
there is limited information about patients with TYK2 defi-
ciency. Up to now, only twoAR-HIES patients due to TYK2
mutations have been reported. Both patients had dissemi-
nated mycobacterial infection after BCG vaccination, recur-
rent sinopulmonary infections, and cutaneous viral infec-
tion with HPV, MCVor HSV, although with variable sever-
ity [21].

Conclusion

The hyper-IgE syndrome is a rare multisystemic disor-
der with a broad constellation of clinical manifesta-
tions. Clinical diagnosis criteria have been established
in AD-HIES patients with STAT3 mutations, which is
not suitable for AR-HIES patients. Therefore, genetic
diagnosis is still considered to be the most important
way to distinguish HIES due to different gene muta-
tions. In addition, although otitis media is one of the
most common infections in childhood, recurrent, sup-
purative and refractory otitis media is an important
warning sign of congenital immunodeficiencies, includ-
ing HIES.
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