
Review

10.1586/1744666X.1.4.645 ISSN 1744-666X 645www.future-drugs.com

Hyper IgE syndrome: review and 
future directions
Alexandra F Freeman and Steven M Holland†

†Author for correspondence
National Ins titute o f Allergy and 
Infectious Dis ease, National 
Insti tutes of Health, Building 10, 
CRC B3–4141, MSC 1684, 
Bethesda, MD 20892–1684, USA
Tel.: +1 301 402 7684
Fax: +1 301 480 4508
smh@nih.gov

KEYWO RDS: 
Hyper IgE syndrome, osteopenia , 
pneumatocoeles, primary teeth 
retention, recurrent staphylococcal 
infections, scoliosis

Hyper IgE syndrome, or Job’s syndrome, is an immunodeficiency syndrome 
characterized by eczema, recurrent infections and elevated serum immunoglobulin E 
levels. Individuals tend to have frequent staphylococcal abscesses and pneumonias 
early in life, often developing pneumatocoeles that predispose them to later fungal and 
Gram-negative bacterial  infections. In addition to the immunologic abnormalities, 
hyper IgE syndrome is now recognized as a multisystem disorder with skeletal and 
morphologic features such as characteristic facies, osteopenia, scoliosis, fractures and 
retention of the primary teeth. Therapy of hyper IgE syndrome involves careful skin care, 
antimicrobial prophylaxis and aggressive treatment of infections, as well as treatment of 
some of the complicating abnormali ties, such as scoliosis. The genetic etiology of hyper 
IgE syndrome remains unknown, however, i t continues to be investigated. Identification 
of the genetic etiology or etiologies of this syndrome will allow for targeted therapies as 
well  as great advances in understanding the connections between immunologic 
function and connective tissue.
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Hyper IgE syndrome (HIES), also known as
Job’s syndrome (Online Mendelian Inherit-
ance in Man [OMIM] #147060 and
#243700), is a primary immunodeficiency of
unknown etiology. It is characterized by the
triad of chronic eczema, recurrent infections
and extremely elevated serum immunoglobu-
lin E (IgE) levels. The syndrome was first
reported in 1966 by Davis and colleagues [1].
This  group described two girls with recurrent
cutaneous staphylococcal abscesses, dermatitis
and abnormal inflammatory response; the
eponym ‘Job’s syndrome’ was in reference to
the biblical Job who was smote with sores and
boils. The syndrome was further delineated in
1972 by Buckley and colleagues, who
described many of the other common features
as well as the markedly elevated serum IgE
level, leading to its recognition as HIES [2].
Over 200 cases of HIES have now been
described, occurring in those of African, Asian
and European descent and many ethnic
groups [3,4]. HIES is an autosomal dominant
disorder with variable penetrance and multi-
system involvement; sporadic forms and a
recently described recessive form also exist [5].

Clinical & laboratory features 
Infections

Patients with HIES suffer from recurrent cuta-
neous abscesses and pneumonia from a very
young age, however, prophylactic antibiotics
have reduced the frequency. Infections at other
sites (e.g., joints, bones and sinuses) are less
common. The two girls who were initially
described with Job’s syndrome had cold, non-
tender abscesses [1]. However, most abscesses in
patients with HIES are warm and tender,
although with surprisingly limited systemic
symptoms. Characteristically, the recurrent
pneumonias lead to bronchiectasis and
pneumatocoeles, which then predispose to fur-
ther pulmonary infections. Most primary lung
infections are caused by Staphylococcus aureus,
Hemophilus influenzae and Streptococcus pneu-
moniae; group A streptococcus has also been
described. Pseudomonas aeruginosa and Aspergil-
lus spp. are especially common and problematic
superinfections of these cavities, leading to grad-
ually worsening bronchiectasis. Aspergillus, in
particular, may cause local invasion, leading to
severe hemoptysis, or metastatic spread, which
can be fatal. Autopsies performed at the authors’
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center on six fatal cases revealed fungal pneumonia in four patients
with evidence of metastatic infection to the brain in two. Chronic
candidiasis of nails and mucous membranes occurred in 83% of
patients in one series, however, invasive candidiasis is rare [3]. 

Skeletal abnormalities

Osteopenia and osteoporosis, primarily of the cortical bone, is
common in HIES, as are minimal trauma (pathologic) fractures of
the long bones. Peripheral monocytes from HIES patients resorb
bone at a rate comparable with that of postmenopausal women,
which may reflect abnormalities in cytokines or high levels of pros-
taglandin E2 production, or both [5,6]. Scoliosis and hyperextensi-
ble joints are also common. Scoliosis is typically found in older
HIES adolescents and young adults. A total of 76% of patients
over the age of 15 years have spinal curvature of at least 10°, and
32% have a curvature of at least 20° [3]. In most cases, the scolio-
sis is idiopathic, but leg length discrepancy, post-thoracotomy
and congenital spinal abnormalities are also causes.

Facial & dental features

A characteristic facies is almost universal in patients with HIES
by 16 years of age. Patients typically have a prominent fore-
head, deep-set eyes, a broad nasal bridge, a wide, fleshy nasal
tip, increased interalar distance, facial asymmetry and mild
prognathism [3,4]. Head circumference tends to be larger than
normal and craniosynostosis has been described. A high arched
palate is common. Unique to HIES is the common retention of
primary teeth and resulting noneruption of permanent teeth [3].

Dermatologic features

In most patients, an eczematoid rash presents within the first
few weeks to months of life, and may even be present at birth
[7,8]. It is usually papulopustular involving the scalp, face, neck,
axillae and diaper area. Frequent misdiagnoses are of eczema,
neonatal acne and eosinophilic pustular folliculitis. Unlike typi-
cal eczema, the dermatitis typically becomes secondarily infected
(usually with S. aureus) and antibiotic therapy is typically neces-
sary and effective [8]. Recurrence of the rash is common without
prophylactic antibiotics, which may reflect sensitization to
S. aureus or a S. aureus superantigen [8]. Other common derma-
tologic features are retroauricular fissures, folliculitis, cutaneous
abscesses and chronic candidiasis of the oral and vaginal mucosa
and nails.

Immunologic features

Serum IgE levels are usually over 20 times normal (typically
over 2000 IU/ml) in HIES. However, IgE levels may decrease
over time, even into the normal range. In one cohort  followed
over many years, approximately 20% developed normal IgE
levels over time [3]. Serum IgD levels were reported as elevated
in 14 out of 40 (35%) patients in one series [4]. Serum IgA, M
and G levels are typically normal.

Mild peripheral blood eosinophilia is common, and elevated
numbers of eosinophils have been reported in abscesses and spu-
tum. Interestingly, the degree of blood eosinophilia and IgE levels

do not correlate [3]. The total white blood cell count is usually
normal, but it can rise in infection. Mild neutropenia is reported,
but lymphopenia is not. Chemotactic defects of neutrophils have
been described, but are difficult to reproduce and appear to vary
both between patients and on repeat assays from the same
patient. Therefore, these defects cannot be used diagnostically
and appear unlikely to be etiologic in the infections observed [4].

Humoral immunity appears to be impaired in HIES. In one
study, nine out of ten patients had abnormally low antibody
responses after immunization with diphtheria  toxoid, and five
out of ten had low antibody response to tetanus. Response to
φX174 phage was abnormal in four out of ten pat ients, whereas
response to immunization with the pneumococcal polysaccha-
ride vaccine was quite variable [9]. Serum IgA antibodies to
S. aureus correlated inversely with infections [10], suggesting
that poor antibody responses may account for some of their
infections. Unfortunately, this assay is rarely performed and this
defect is not observed in all patients.

Humoral immune defects may be secondary to dysregulation
of cellular immunity. Abnormalities in T-cell populations and
function have been variably observed. One study found a defi-
ciency in CD3+/CD45RO T-cells (memory T-cells) in 18 out of
20 patients tested [4]; another study found decreased numbers of
CD8+ T-cells [11]. Lymphocyte proliferation is normal to stimu-
lants such as phytohemagglutin and concanavalin A, but abnor-
mal to antigens such as tetanus toxoid and Candida albicans.
Anergy to delayed-type hypersensitivity testing to ubiquitous
agents, such as candida, is observed in some patients [4,12]. The
variability between designs, studies, patients and outcomes
makes generalization about the in vitro immune defects difficult.

Abnormal responses to and production of cytokines have also
been reported, suggesting an imbalance of T-helper (Th)1 and 2
activities [13]. Levels of antigen-stimulated interferon (IFN)-γ (the
prototypical Th1 cytokine) have been found to be diminished in
some patients with HIES. One study suggested decreased secre-
tion since intracellular production appeared to be normal [14].
Low IFN-γ production is attractive as an explanation since IFN-γ
has an inhibitory effect on IL-4-dependent IgE production, and
addition of IFN-γ to neutrophils in vitro improves the chemo-
tactic defect. In addition, IFN-γ is believed to regulate bone
remodeling, therefore, deficiency may contribute to some of the
osteopenia and fractures observed. However, not all studies have
shown decreased IFN-γ secretion [12], and none of the cardinal
features of HIES are observed in cases of complete or partial
IFN-γ receptor deficiency [16]. There is also little evidence that
the Th2 response is overactive in HIES [15,16]. Expression of IL-4,
the prototypical Th2 cytokine involved in IgE production, is not
consistently elevated in HIES [17,18]. However, increased IgE lev-
els and osteoporosis occur in mice with overexpression of IL-4
[19]. IL-13, another Th2 cytokine very similar to IL-4 and also
involved in IgE production, was increased in both resting and
activated CD4+ cells from a small number of patients [17].

Other immunologic abnormalities have been inconsistently
reported in small numbers of patients. The costimulatory mole-
cules CD11a, 28, 40, 54, 86 and 154 were examined in six
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HIES patients with HIES and controls; decreased expression
was only observed for CD54 (intercellular adhesion molecule-1
[ICAM-1]) in HIES patients [12]. ICAM-1 is present on many
cell types and is involved in cell–cell and cell–matrix adhesion
interactions. Transcriptional profile analysis of 375 immuno-
logically important genes was performed on stimulated periph-
eral blood mononuclear cells of nine HIES patients and six
healthy controls. Nine genes were found to be underexpressed
(33% of controls) in HIES [15]; 

• The four chemokines epithelial neutrophil activating
peptide 78, IL-8, eotaxin and  macrophage chemoattractant
protein 3

• The four cytokines pre-B-cell colonizing–enhancing factor
(PBEF), osteopontin, IL-1a and IL-1β

•  The nerve growth factor receptor TrkA

Both M-CSF and c-kit ligand were overexpressed. In another
study of HIES patients and controls (healthy and with atopic
dermatitis), expression of approximately 30,000 genes was per-
formed for CD4+  T-cells and CD14+ cells (monocytes), and
expression of 13,767 genes was performed for peripheral blood
mononuclear cells (PBMCs) before and after S. aureus stimula-
t ion [20]. The most upregulated gene for the CD14+ cells was
RGC32, a cell-cycle regulatory factor mediating cell prolifera-
t ion. Quantitative PCR expression revealed that it was signifi-
cantly elevated compared with controls; however, the relat ion
to HIES pathogenesis is unclear. After S. aureus stimulation,
decreased expression of IL-17 and CXCL11 was observed, both
of which are involved in the inflammatory response and bone
metabolism (IL-17 is involved in osteoclastogenesis and the
CXCL11 receptor is expressed by osteoblasts), making these
potentially interesting genes for further evaluation.

Two recent studies have found no defect in toll-like receptor
(TLR) signaling pathways in patients with HIES [21,22]. TLRs
were investigated due to their role in recognizing various bacte-
ria and fungi including S. aureus, their interconnectedness to T-
and B-cell responses, and due to certain phenotypic similarities
observed with TLR knockout mice (e.g., elevated IgE and bone
and tooth abnormalities). However, cytokine production was
not impaired after TLR pathway stimulation [21,22], and
sequencing of several TLF candidate genes (TLR1, 2 and 6,
MyD88 and TRAF6) did not reveal mutations [21].

Malignancy

Similar to other immune deficiencies (both primary and HIV),
the incidence of malignancies, largely lymphomas, is increased
in patients with HIES [23]. Both Hodgkin’s and non-Hodgkin’s
lymphomas (NHL) have been described, with most NHLs
being B-cell derived and of more aggressive histology. The
development of lymphomas may relate to chronic B-cell stimu-
lation and cytokine irregularities. These patients often present
at  a more advanced stage of disease and may be difficult to treat
with frequent infectious complications. Mortality may be
increased, with seven out of 11 patients reported with lym-
phoma and HIES dying, although two of these patients may

have died of reasons other than lymphoma [22]. Other cancers
that have been reported in patients with HIES include acute
myeloid leukemia and vulvar, liver and lung cancers [23–25].

Genetic basis

The precise etiology of HIES is still unknown, however, pedigrees
show an autosomal-dominant inheritance pattern with varying
expression for most patients. In recent series, 14 out of 40 patients
came from eight families, and 11 out of 30 patients came from five
families, respectively [3,4]. Both sexes appear to be equally repre-
sented, and there is no apparent racial or ethnic bias. However, the
specific gene, or pathway of genes, has not been identified. One
patient with HIES and autism had a marker-chromosome forma-
tion derived from chromosome 4q [26]. This observation led to
exploration of this region and linkage to 4q was found for several
autosomal-dominant families [27]. Mutations in the gene for IL-4
(chromosome 16) are associated with atopy, but not HIES [28,29].

There is a separate disease that has some overlap with HIES
but is clearly autosomal recessive [30]. These patients have the
classic HIES triad of recurrent skin infections, recurrent pneu-
monia and elevated serum IgE levels, but they do not have the
characteristic facies of HIES or the dental or skeletal abnormali-
ties. Unlike patients with classic HIES, these recessive patients
may have chronic or recurrent infections with molloscum conta-
giosum, herpes simplex and varicella zoster viruses. Further-
more, seven of the 13 recessive patients reported had neurologic
complications resulting from vascular (e.g., aneurysms, stenoses
and vasculitis) or infectious etiologies.

Until there is either an identified gene or reliable laboratory
test for HIES, the diagnosis will remain clinical and syndromic.
Diagnosis can be difficult, especially in cases of incomplete pene-
trance. Overlap of some of the features with atopic syndromes is
particularly troublesome. To address these issues, a scoring sys-
tem for HIES was developed [26], which can be used to aid in the
diagnosis and follow-up of patients longitudinally (TABLE 1).

Optimal therapy

The mainstay of therapy is infection prevention with prophy-
lactic antibiotics and aggressive skin care. Unlike typical atopic
dermatit is, the dermatitis associated with HIES often responds
to prophylactic antibiotics with an antistaphylococcal agent [8].
Bleach baths (full bath with 0.5–1 cup of household bleach
added) are remarkably effective in control of the dermatitis.
Patients with recurrent mucosal or nail candidiasis also benefit
from prophylactic antifungal therapy (e.g., fluconazole).

Antistaphylococcal prophylactic antibiotics reduce cutaneous
infections. Nonadherence or bacterial resistance should be sus-
pected if frequent breakthrough infections occur. Aggressive
diagnosis and early treatment of infections is required, and inci-
sion and drainage of abscesses is often needed. Pneumatocoeles
often follow pneumonias, and these predispose to secondary
bacterial infections and fungus balls. The value of long-term
antifungal prophylaxis is not established, but several fungal
superinfections have been fatal, suggesting that  prevention of
these infections would be advisable.
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A variety of immune-modulating therapies have been used for
HIES, however, only levamisole, an immune stimulant, was eval-
uated in a blinded randomized clinical trial. In this trial, levami-
sole was found to be inferior to placebo in preventing infections
[31]. Other therapeutics have been used in single or small series of
patients. Histamine 2-receptor antagonists have been shown
in vitro to reverse a chemotactic defect in an HIES patient, and
in vivo appeared helpful in the therapy of seven HIES
patients [32]. High-dose intravenous immune globulin (IVIG)
therapy was give to two children with HIES and Kawasaki disease

with subsequent clearing of dermatitis, and to a third without
Kawasaki disease, with documented decreases in the serum IgE
levels [33]. IFN-γ was given to several patients after being found to
improve neutrophil chemotaxis in HIES in vitro [34]. Some of
these patients showed decreases in IgE, however, little clinical
change was noted. Small numbers of patients have been treated
with IFN-α, cyclosporin and plasmapheresis [35–39]. A limitation
to evaluating these therapies further is the relatively low frequency
of severe infections for patients receiving prophylactic antibiotics
(less than one infection per year).

Table 1. Scoring system developed to assist in the diagnosis of hyper IgE syndrome. 

C linical findings Points

0 1 2 3 4 5 6 7 8 10

Highest IgE (IU/ml) <200 200–500 501–1000 1001–2000

Skin abscesses 
(total number)

None 1–2 3–4 >4

Pneumonias 
(x-ray proven)

None 1 2 3 >3

Lung parenchyma
abnormalities

None Bronchi-
ectasis

Pneumato
-coele

Other serious infection None Yes

Fatal infection None Yes

Highest eosinophils/µl <700 700–800 >800

Newborn rash None Yes

Eczema (worst in history) None Mild Moderate Severe

Sinusits/otitis
cases in worst year

1–2 3 4–6 >6

Candidiasis None Oral,
vaginal

Fingernail Systemic

Retained primary teeth None 1 2 3

Scoliosis <10° 10–14° 15–20°

Fractures, minimal trauma None 1–2 >2

Hyperextensib le No Yes

Characteristic face No Mild Present

Increased nose width <1 SD 1–2 SD >2 SD

High palate No Yes

Congenital anomaly No Yes

Lymphoma No Yes

Young age add-on >5 years 2–5 years 1–2 years <1 year

A score greater tha n 40 is considered likely af fected a nd a score le ss than 20 is considered unlikely.  Scores of  20–40 a re conside red equivocal. The young a ge add-on is 
present a s many fea tures do not  a ppea r unt il la ter  in life [26].
Ig: Immunoglobulin; SD: S ta ndard deviation
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Bone marrow transplantat ion has been used for two patients
with HIES [40,41]. One adult man received a peripheral
stem-cell transplant for therapy of relapsed lymphoma [41].
Although an initial decrease in the serum IgE level was
observed along with improvement in HIES symptoms, the
patient developed pulmonary fibrosis to which he succumbed
6 months after transplant. The other patient was a girl who had
typical recurrent serious infections despite antibiotic prophy-
laxis, IVIG and IFN-γ [40]. Post-transplant, the HIES symp-
toms and IgE initially improved. Several years after the trans-
plant, however, the IgE returned to its pretransplant level and
infections recurred, despite complete engraftment.

In addition to control of dermatitis and infections, other
abnormalities in HIES also need addressing. Bone density is
low in most cases and may contribute to fractures. Dual energy
x-ray absorption screening should be performed in childhood
and at appropriate intervals. Osteopenia should probably be
treated, if significant. Scoliosis is common in HIES and occa-
sionally requires surgical intervention. Dental screening for
retained primary teeth is recommended, especially in childhood
and adolescence when extraction of delayed primary teeth may
still allow eruption of secondaries.

Expert commentary

HIES is a multisystem genetic disorder characterized by
immunologic, dermatologic and connective tissue abnormali-
t ies. Patients typically present with rash in the neonatal period
and with multiple infections in childhood, typically boils and
bacterial pneumonias. As adolescents and young adults, other
features are solidified, such as scoliosis and the characteristic
facial appearance. Lung disease may become progressively
more complicated when cysts and bronchiectasis from previ-
ous pneumonias predispose to Gram-negative bacteria l and
invasive fungal infections, which can lead to premature mor-
tality [UNPUBLISHED OBSERVATIONS]. Delayed shedding of pri-
mary teeth, hyperextensibility, osteopenia and pathologic
fractures are also observed. As the underlying et iology of this
disease remains unknown, therapy is aimed at ameliorat ing
the symptoms with optimal skin care, prophylactic antimicro-
bials and aggressive treatment of infections. Identifying the
gene and pathway that results in HIES will link together fea-
tures of T- and B-cell as well as phagocyte function. Under-
standing the pathogenesis of HIES will expand our under-
standing of the links between the immune, dental, connective
t issue and skeletal systems.

Five-year view

The gene, or family of genes, responsible for HIES must be
identified. Linkage analysis studies may narrow the interval
and get us closer to the locus. However, we have been hin-
dered by the  fact  that HIES families have not been very large,
in general. Candidate proteins and genes may be identified
through proteomics and/or genomics.

Identifying the gene and pathway will allow for definitive
diagnoses, firm knowledge of penetrance and expressivity and

prevalence in different populations. Gene identification will be
especially useful in sporadic cases, and may help to determine
the relation of the autosomal recessive form of HIES, with its
separate clinica l features, to the more typical disease presenta-
tion. Ideally, this genetic information will be used to better
guide therapy. Finally, identification of the gene(s) involved will
advance our knowledge of the interconnectedness of the
immune system and somatic systems.

However, until the gene is identified and targeted therapy is
developed, optimal therapy for the various complications of
HIES is evolving. Several relevant questions follow: 

• Although IgE levels do not clearly correlate with complica-
tions, is there a role for omalizumab, the monoclonal anti-
body directed against IgE, in management of HIES? A pro-
spective trial is underway at the National Institutes of
Health to address this quest ion

• What is the optimal prophylactic regimen? Bacterial
prophylaxis, primarily against S. aureus, will become
increasingly difficult  as antibiotic resistance increases. Even
now, many of these patients are colonized with methicillin-
resistant strains of S. aureus and resistance to newer agents
such as linezolid will also likely be seen over the next
severa l years. Antistaphylococcal vaccines are being devel-
oped, but prior to its implementation in this populat ion,
careful, large studies must be performed on the response to
vaccines in general

• Is there a  role for antifungal prophylaxis in HIES patients
and, if so, when is the best time to start therapy, and with
which agent? Is there a  role for monitoring for aspergillus
infection with early detection assays, such as galactoman-
nan and PCR reaction, and tailoring antifungal
therapy accordingly?

• The immune defects in HIES need to be carefully delineated.
Previous studies have provided conflicting results, most with
only small numbers of pat ients. Larger studies examining
cytokine and chemokine profiles and antigen proliferat ive
responses are needed

• Finally, the incidence, etiology and optimal therapy of osteo-
penia and pathologic fractures must be compiled. With
bisphosphonates and parathyroid hormone available and in
use, we must determine the optimal drug and age at which to
init iate such therapies. Litt le is known about the pediatric use
and safety of these agents

The next 5 years will clearly be an exciting time for the study
of HIES, a disease that bridges the connective tissue and
immunologic systems, and holds the key to many infectious
and dermatologic disorders.
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Key issues

• Hyper IgE syndrom e (HIES) is a multisystem disorde r with variable expression characterized by the triad of chronic eczema, recurrent 
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