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Hyper Immunoglobulin E Syndrome – an Overview 
 
 

Introduction 
 
Hyper Immunoglobulin E (IgE) syndrome 
(HIES) is a rare primary immunodeficiency 
syndrome characterized clinically by elevated 
serum IgE levels, recurrent skin infections, 
recurrent lung infections, eczema, and con-
nective tissue and skeletal abnormalities (1). 
While the prevalence of disease is currently 
estimated at <1 in 1 million (2), the true preva-
lence is likely higher since HIES can be diffi-
cult to diagnose. Diagnosis of HIES is compli-
cated by the non-specificity of some symp-
toms, such as elevated serum IgE levels and 
skin rashes, and the atypical presentation of 
others. HIES-related pneumonias in particular 
are often not recognized, since they tend to 
lack characteristic symptoms such as fever 
and cough. A family history indicative of HIES 
may also not always be obvious, since HIES 
shows variable expressivity and penetrance, 
ranging from 33-100% (3-6). In addition, many 
cases of HIES are due to de-novo mutations. 
At the same time, treatment of HIES patients 
with aggressive antimicrobial prophylaxis is 
crucial, since bacterial and fungal superinfec-
tions accompanying recurrent pneumonias are 
a major cause of mortality (7). Since about 
22% of HIES has been associated with muta-
tions in the gene STAT3, genetic testing can 
confirm diagnosis of HIES, helping to recog-
nize HIES-related pneumonias and facilitate 
prophylactic treatment with antibiotics. Genetic 
testing can also allow detection of at-risk 
individuals in family members of HIES pa-
tients, facilitating timely diagnosis and treat-
ment. 

In addition to STAT3-related HIES, which 
typically shows autosomal dominant inherit-
ance, a rare autosomal recessive form of 
familial HIES associated with mutations in the 
TYK2 gene has been reported (Table 1). 
TYK2-related HIES usually occurs in the 
context of very severe immunological features 
but lacks many of the connective tissue and 
skeletal abnormalities seen in the autosomal 
dominant form of the disease (8). 

 

Table 1: Genetic Causes of Familial HIES       

Gene (Protein) % HIES 
(inheritance) 

References 

STAT3 (signal 
transducer and 
activator of 
transcription 3) 

6-22% (AD) (3, 4, 6, 9) 

TYK2 (tyrosine 
kinase 2) 

<1% (AR) (10) 

AD (autosomal dominant); AR (autosomal 
recessive) 
 

Molecular Pathophysiology 
 
STAT3 (signal transducer and activator of 
transcription 3) codes for a transcription factor 
that, as a component of the JAK/STAT signal-
ing pathway, is involved in regulating tran-
scription of many different genes in response 
to certain extra-cellular stimuli. The STAT3 
protein is activated by becoming phosphory-
lated by Janus kinases (JAKs) in response to 
upstream triggers. Once phosphorylated, 
STAT3 proteins dimerize, bind to specific DNA 
sequences in the promoters of genes, and 
activate their transcription. In T lymphocytes, 
STAT3 activities are central to the tight regula-
tion of several different cytokines, including IL-
6, IL-12, IL-17, and IFN-γ (reviewed in (1, 11)). 
Loss-of-function mutations in STAT3  can 
result in a myriad of cytokine-related issues 
including increased inflammation, increased 
IgE levels, and a breakdown of host defense 
to bacterial and fungal infections (reviewed in 
(1)).  
 

Clinical Presentation 
 
The clinical features of HIES are summarized 
in Table 2. HIES typically presents as a pustu-
lar rash on the face and scalp of newborns, 
often infiltrated with Staphylococcus aureus. In 
early childhood, immunological manifestations 
almost always include eczema, boils, recurrent 
pneumonias, and mucocutaneous candidiasis. 
The late childhood/adolescent period is typi-



 
 
cally marked by more aggressive pneumonias 
(with pustular pneumatocele formation) and 
skin manifestations, but also non-
immunological manifestations which can 
include cranio-facial abnormalities, retained 
primary teeth, fractures, scoliosis, and hyper-
extensibility. Age of onset of HIES is usually in 
the newborn period, but diagnosis may be 
delayed until both immunologic and non-
immunologic features are present (12). 
Table 2: Clinical features of HIES 

Immunologic (frequency) 

• Newborn rash (81%) 
• Eczema (100%) 
• Boils (87%) 
• Recurrent pneumonias (87%) 
• Mucocutaneous candidiasis (83%) 
• Peak serum IgE > 2000 IU/ml 

(97%) 
• Eosinophilia (93%) 
• Increased incidence of lymphoma 

(unknown) 

Non-immunologic (frequency) 

• Asymmetric face, broad nose, 
deep set eyes, prominent forehead 
(83%)  

• Retained primary teeth (72%) 
• Mild fractures (71%) 
• Scoliosis > 10 degrees (63%) 
• Hyperextensibility (68%) 
• Focal brain hyperintensities (70%) 
• Chiari 1 facial malformations (18%) 
• Craniosynostosis (unknown) 
• Arterial aneurysms (unknown) 
• Degenerative joint disease (un-

known) 

Adapted from (1) 

Diagnosis 
 
While almost all HIES patients show elevated 
IgE levels (>2000 IU/ml) accompanied by 
eosinophilia, this finding alone is not sufficient 
for diagnosis of HIES since patients with 
allergic skin rashes or a variety of other prima-
ry immunodeficiency disorders may have 
serum IgE levels in the HIES range. Clinical 
diagnosis of HIES is therefore based on the  
classic “diagnostic triad,” which is defined by 
the presence of elevated IgE levels, pneumo-
nia, and skin abscesses (13). Radiographs 

and CT scans can show pulmonary abnormali-
ties consistent with recurrent lung infections 
and skeletal abnormalities including minor 
fractures and scoliosis. Lung and skin biopsies 
will often show Staphylococcus aureus infil-
trates. Other lung pathogens commonly found 
are Streptococcus pneumoniae and Haemo-
philus influenzae (reviewed in (12)). However, 
the diagnostic triad for HIES is only present in 
about 77% of patients (14). In unclear cases, a 
clinical diagnosis of HIES can be confirmed 
through genetic testing, since published 
studies have shown a causal relationship to 
certain variants in STAT3 (reviewed in (1)). In 
clear cases of HIES, genetic testing of the 
index patient can identify the familial mutation 
and allow identification of at-risk family mem-
bers. 
 

Treatment 
 
Therapeutic options for HIES (reviewed in (1, 
13)) mainly revolve around treatment of lung 
and skin infections with prophylactic antibiotics 
and topical steroids and antifungal creams for 
the dermatitis associated with skin infections. 
Other treatments include dental extraction of 
primary teeth and orthopedic care for fractures 
and scoliosis. A cure for HIES is currently not 
available; bone marrow transplantation has 
been tested in a few HIES patients, but was of 
short-lived success (15, 16). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright © 2009, Correlagen Diagnostics, Inc.  All rights reserved  HIES Overview 08/10/09 
Page 2 of 3 

 



 
 
References 
 

1. Paulson, M.L., Freeman, A.F., and Holland, S.M. 2008. Hyper IgE syndrome: an update on 
clinical aspects and the role of signal transducer and activator of transcription 3. Curr Opin Al-
lergy Clin Immunol 8:527-533. 

2. DeWitt, C.A., Bishop, A.B., Buescher, L.S., and Stone, S.P. 2006. Hyperimmunoglobulin E 
syndrome: two cases and a review of the literature. J Am Acad Dermatol 54:855-865. 

3. Holland, S.M., DeLeo, F.R., Elloumi, H.Z., Hsu, A.P., Uzel, G., Brodsky, N., Freeman, A.F., 
Demidowich, A., Davis, J., Turner, M.L., et al. 2007. STAT3 mutations in the hyper-IgE syn-
drome. N Engl J Med 357:1608-1619. 

4. Jiao, H., Toth, B., Erdos, M., Fransson, I., Rakoczi, E., Balogh, I., Magyarics, Z., Derfalvi, B., 
Csorba, G., Szaflarska, A., et al. 2008. Novel and recurrent STAT3 mutations in hyper-IgE 
syndrome patients from different ethnic groups. Mol Immunol 46:202-206. 

5. Renner, E.D., Torgerson, T.R., Rylaarsdam, S., Anover-Sombke, S., Golob, K., LaFlam, T., 
Zhu, Q., and Ochs, H.D. 2007. STAT3 mutation in the original patient with Job's syndrome. N 
Engl J Med 357:1667-1668. 

6. Renner, E.D., Rylaarsdam, S., Anover-Sombke, S., Rack, A.L., Reichenbach, J., Carey, J.C., 
Zhu, Q., Jansson, A.F., Barboza, J., Schimke, L.F., et al. 2008. Novel signal transducer and 
activator of transcription 3 (STAT3) mutations, reduced T(H)17 cell numbers, and variably de-
fective STAT3 phosphorylation in hyper-IgE syndrome. J Allergy Clin Immunol 122:181-187. 

7. Freeman, A.F., Kleiner, D.E., Nadiminti, H., Davis, J., Quezado, M., Anderson, V., Puck, J.M., 
and Holland, S.M. 2007. Causes of death in hyper-IgE syndrome. J Allergy Clin Immunol 
119:1234-1240. 

8. Renner, E.D., Puck, J.M., Holland, S.M., Schmitt, M., Weiss, M., Frosch, M., Bergmann, M., 
Davis, J., Belohradsky, B.H., and Grimbacher, B. 2004. Autosomal recessive hyperimmunog-
lobulin E syndrome: a distinct disease entity. J Pediatr 144:93-99. 

9. Ma, C.S., Chew, G.Y., Simpson, N., Priyadarshi, A., Wong, M., Grimbacher, B., Fulcher, 
D.A., Tangye, S.G., and Cook, M.C. 2008. Deficiency of Th17 cells in hyper IgE syndrome 
due to mutations in STAT3. J Exp Med 205:1551-1557. 

10. Minegishi, Y., Saito, M., Morio, T., Watanabe, K., Agematsu, K., Tsuchiya, S., Takada, H., 
Hara, T., Kawamura, N., Ariga, T., et al. 2006. Human tyrosine kinase 2 deficiency reveals its 
requisite roles in multiple cytokine signals involved in innate and acquired immunity. Immunity 
25:745-755. 

11. Levy, D.E., and Loomis, C.A. 2007. STAT3 signaling and the hyper-IgE syndrome. N Engl J 
Med 357:1655-1658. 

12. Freeman, A.F., and Holland, S.M. 2008. The hyper-IgE syndromes. Immunol Allergy Clin 
North Am 28:277-291, viii. 

13. Chen, H. 2006. Hyper-IgE Syndrome. In Atlas of Genetic Diagnosis and Counseling: Humana 
Press. 513-516. 

14. Grimbacher, B., Holland, S.M., Gallin, J.I., Greenberg, F., Hill, S.C., Malech, H.L., Miller, J.A., 
O'Connell, A.C., and Puck, J.M. 1999. Hyper-IgE syndrome with recurrent infections--an au-
tosomal dominant multisystem disorder. N Engl J Med 340:692-702. 

15. Nester, T.A., Wagnon, A.H., Reilly, W.F., Spitzer, G., Kjeldsberg, C.R., and Hill, H.R. 1998. 
Effects of allogeneic peripheral stem cell transplantation in a patient with job syndrome of 
hyperimmunoglobulinemia E and recurrent infections. Am J Med 105:162-164. 

16. Gennery, A.R., Flood, T.J., Abinun, M., and Cant, A.J. 2000. Bone marrow transplantation 
does not correct the hyper IgE syndrome. Bone Marrow Transplant 25:1303-1305. 

Copyright © 2009, Correlagen Diagnostics, Inc.  All rights reserved   HIES Overview 08/10/09 
Page 3 of 3 

 


