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ABSTRACT 

 

Hyperimmunoglobulin E Syndrome (HIES) is a complex primary immunodeficiency 

characterized by both immunologic and non-immunologic manifestations. High serum IgE level, 

eosinophilia, eczema, recurrent skin and lung infections constitute the immunologic profile of 

HIES, whereas characteristic facial appearance, scoliosis, retained primary teeth, joint 

hyperextensibility, bone fractures following minimal trauma and craniosynostosis are the main non-

immunologic manifestations. The diagnosis of HIES cannot be made by routine immunologic tests.  

As the main characteristic laboratory abnormalities of this syndrome are highly elevated serum 

IgE levels and eosinophilia; both features have a broad spectrum of differential diagnosis. The 

purpose of this essay was presenting the best way for diagnosis management of HIES. Based on the 

genetic reports of patients of the Center for Chronic Immunodeficiency (CCI) as a single center 

experience, and applying project management (PM) in health care research projects, we sought the 

best way for a rapid diagnosis of HIES.  

The combination of project management principles with immunologic and genetic knowledge 

to better define the laboratory and clinical diagnosis lead to an improvement of the management of 

patients with HIES. These results are shown in one "Decision Tree" which is based on 342 genetic 

reports of the CCI during the past ten years. 

It is necessary to facilitate the diagnostic analysis of suspected HIES patients; applying project 

management in health care research projects provides a better and more accurate diagnosis 

eventually leading to a better patients’ care. This Abstract was presented at 16th Biennial Meeting of 

the European Society for Immunodeficiencies (ESID 2014), Prague, Czech Republic. 
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INTRODUCTION 

 

Hyperimmunoglobulin E Syndrome (HIES) is a 

rare primary immunodeficiency characterized by 

extremely high serum IgE level, eosinophilia, eczema-

like dermatitis, skin and pulmonary abscesses and 

recurrent pneumonia which can result in formation of 

pneumatoceles.
1
 The abscesses are frequently caused 

by Staphylococcus aureus and are typically 'cold' as 

they lack classic signs of inflammation such as redness, 

warmth, or pain.
2,3

 Additionally, chronic candidiasis of 

the mucous membranes and/or the nail bed has been 

observed in most HIES patients.
1
 

Most cases of HIES are sporadic, but both 

autosomal dominant (AD-HIES) and autosomal 

recessive traits of inheritance (AR-HIES) have been 

described. 

The AD form of HIES and most sporadic cases 

have extra-immune manifestations, defining AD-HIES 

as a multisystem disease. Skeletal abnormalities such as 

hyperextensibility of the joints, scoliosis, and multiple 

bone fractures can variably be seen in patients with 

AD-HIES.
1
 Moreover, many patients show a typical 

facial appearance and have retained primary teeth.
4 

In 

addition, this form is associated with an increased risk 

of malignancy, and particularly non-Hodgkin 

lymphomas.
5 

Nevertheless, the clinical phenotype of 

individual patients is highly variable. 

AD-HIES is predominantly caused by dominant 

negative mutations in the Signal Transducer and 

Activator of Transcription (STAT)3. STAT3 is part of 

multiple Jak-STAT signaling pathways, which plays a 

key role in the signal transduction of a broad range of 

cytokines and is crucial for the IL-6- and IL-21-

mediated regulation of Th17 cells.
6-8

  

In contrast to the syndromic character of AD-HIES, 

the AR variant is characterized by recurrent viral 

infections, extreme eosinophilia, and neurological 

complications, whereas skeletal and dental 

abnormalities seen in AD-HIES are absent.
9
 

Homozygous mutations of the dedicator of cytokinesis 

8 (DOCK8) gene have been shown to be responsible 

for many, although not all, cases of AR-HIES.
10,11

 

Since the discovery that loss-of-function mutations in 

DOCK8 underlie AR-HIES, an estimated more than 

100 patients worldwide have been identified. DOCK8 

deficiency appears to impair CD4+ and CD8+ T-cell 

proliferative responses, as well as B- and T-cell 

memory.
12

 

In addition to STAT3 and DOCK8 mutations, 

recently, homozygous mutations in the 

phosphoglucomutase 3 (PGM3) have been described in 

nine patients from four consanguineous families with 

recurrent infections and elevated serum IgE levels, but 

normal STAT3 and DOCK8.
13

 The human 

phosphoglucomutases (PGMs) belong to the family of 

phosphohexose mutases which are involved in the 

reversible conversion of glucose-1-phosphate (Glc-1-P) 

to glucose-6-phosphate (Glc-6-P). 

Although defective Th17 cell differentiation occurs 

through different mechanisms in patients with AR-

HIES versus patients with AD-HIES, reduced numbers 

of Th17 cells are seen in both the dominant and the 

recessive form of HIES.
14-16

 In contrast, normal counts 

of Th17 cells have been reported in patients with atopic 

dermatitis who reveal some clinical and laboratory 

similarities with HIES patients, therefore Th17 cell 

counts could be a key finding for the differential 

diagnosis of HIES cases.
17

 

The purpose of this essay was to combine project 

management principles with immunology and genetics 

to organize a better diagnosis and management of 

HIES. Although genetic testing is essential in diagnosis 

and the new classification is based upon genetic 

developments,
18

 genetic diagnosis should be done 

targeted to save time and costs. In the absence of a 

definitive known genetic test, the diagnosis might be 

easier by incorporation of clinical and laboratory 

findings with project management principles.  

 

Methodology  

A methodology is required as each project needs to 

go through a process. An important input to the design 

of the methodology is a project management maturity 

survey done across all of its sections and levels.
19

 

Project management (PM) is the application of 

knowledge, skills and techniques to execute projects 

effectively and efficiently. It is the discipline of 

organizing a project to achieve the goals and to work as 

an essential key professional skill for a successful 

research development.
20

 PM is the process by which a 

project achieves its stated objectives and requires some 

elaboration such as this Health Care Project. The team 

collaboration and connection must be conducted by the 

principal investigator.
21

 

The tools and techniques applied in this PM could 

help us to process the cases‟ clinical and laboratory 

findings as an input to the output of diagnosis and 
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finding the HIES cases (Figure 1). An improved 

diagnosis and treatment management will result in a 

better outcome for these patients and their families and 

finally for social health management.
22

 

The outcome by the recognition of these cases may 

cause a better supervision by a clinical immunologist 

interdisciplinary of the other specialists care that 

overall are defined “Science Team” in this project 

management. 

Patients will be evaluated for immunological tests 

by clinical and laboratory technologists under 

agreement of Ethics Committee and followed 

longitudinally by specialists in immunology, 

dermatology, neurology, radiology, dental health, bone 

metabolism and finally genetics.
23

 

The impact of these efforts is to increase awareness, 

facilitate recognition, and promote optimal treatment 

for patients with this kind of primary 

immunodeficiency disorder worldwide. 

 

Clinical and Laboratory Findings 

Recurrent pulmonary infections along with „cold‟ 

skin and lung abscesses are the most prominent 

symptoms of HIES that can lead to diagnosis. Positive 

immunological tests such as blood eosinophilia at least 

2SD above the normal range (higher than 700cells/µL) 

and high serum IgE level associated with a cut-off 

point of more than 2000 IU/mL are the hallmark of the 

syndrome.
15

 However, serum IgE levels vary widely 

over time and do not correlate with the clinical 

presentation of the patients
24

 occasionally reaching 

normal values despite the persistence of symptoms.
25

 

In 1999, the National Institutes of Health (NIH) 

clinical HIES scoring system based on 20 clinical and 

laboratory findings was introduced as a diagnostic tool. 

A point scale was developed: more specific and 

objective findings were assigned more points. Scores of 

at least 40 points suggested HIES, whereas a score 

below 20 made the diagnosis unlikely. For intermediate 

values, no firm conclusion could be reached.  

This clinically validated scoring system which 

combines the immunologic and non-immunologic 

features, has facilitated the clinical diagnosis of AD-

HIES and should therefore preferably be used.
26

 

Further to this, an alternative scoring system to 

distinguish AD-HIES patients with and without STAT3 

mutations has been suggested by our group.
27

 

In the patients described here, the medical history in 

the diagnosis of HIES is obviously the starting-point 

due to the patient‟s immunologic background. The 

clinical and laboratory aspects of STAT3, DOCK8 and 

PGM3 deficiencies have overlapping but distinct 

features which makes the management of these patients 

important.
28

 

The diagnostic experience of 342 HIES patients of 

one single center (CCI), is summarized in figure 2. 

Out of the 342 HIES patients referred to our center, 207 

were either sporadic showing an AD-HIES phenotype 

or had an AD trait of inheritance and hence were 

sequenced on STAT3. 102 of the 207 patients whose 

PCR products were sequenced, were found to carry a 

heterozygous STAT3 mutation, 105 were STAT3 wild 

type. 

These 105 STAT3 wild type patients, additional  

to the 135 patients diagnosed with AR inheritance were 

subjected to homozygosity mapping. Seventeen 

patients showed homozygosity on chromosome 6 the 

locus of PGM3, whereas 74 showed  homozygosity  on 

   

 
Figure 1. Diagnostic Process Framework of Hyper IgE Syndrome project 

input

•Clinical findings

• Immunologic Laboratory data 

process

•Statistical tools

•Techniques for evaluation 

outcome

•The manner of identifying the genetic of HIES patients

•The final treatment decision
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Figure 2. Genetic report of 342 HIES patients as a single center experience in Center of Chronic Immunodeficiency (CCI) 

(during last ten years) 

 

chromosome 9 the locus DOCK8. Subsequent 

sequencing of these patients on PGM3 or DOCK8 

revealed homozygous PGM3 mutations in six patients 

and 45 homozygous DOCK8 mutations. Overall of the 

342 patients referred to our center 153 were found  

to carry mutations in one of the three genes analyzed, 

the remaining 189 patients have either not yet been 

sequenced or carry a, to date, unknown mutation. 

Based on this single center experience, we propose 

the following management of patients with the clinical 

diagnosis of HIES (Figure 3). 

 

 
Figure 3. Decision tree for diagnosis management of Hyper IgE Syndrome Patients 
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Following a decision tree (figure 3 – boxes 1.1 to 

4.2), the first thing to assess is whether the patient is a 

sporadic patient or has positive family history (1.1 and 

1.2). Sporadic HIES patients, without family history, 

are further subdivided in two groups based on their 

phenotype (2.1 and 2.2). A patient presenting with 

DOCK8 or AR-HIES phenotype (2.1) will be subjected 

to homozygosity mapping on chromosome 9, the 

DOCK8 locus (A). If, on the other hand, the patient 

presents with an AD-HIES phenotype (2.2) and has a 

STAT3 score of more than 30 points he will undergo 

STAT3 sequencing (3.1). The detection of a STAT3 

mutation leads to the result, whereas the absence of a 

mutation induces further investigation. In this case we 

propose to continue with western blotting for DOCK8, 

to assess the presence or absence of the DOCK8 protein 

(B).  

A sporadic patient with AD-HIES phenotype but 

negative STAT3 score will be analyzed for the presence 

or absence of Th17 cells (3.2). The absence of Th17 

cells suggests the presence of a STAT3 mutation and 

leads therefore to STAT3 sequencing (4.2). The 

detection of a STAT3 mutation gives the result, whereas 

the absence of a mutation involves further 

investigation. In this event we propose to continue with 

Next Generation Sequencing (NGS). 

Like sporadic patients, patients with positive  

family history are further subdivided in groups 

according to their phenotype in AD, AR or unclear 

(2.3, 2.4 and 2.5). Familial cases presenting an AD 

phenotype will follow the same route as the sporadic 

patients with dominant phenotype (2.2). On the other 

hand, if the patient has positive familial history and 

recessive phenotype (2.4), we propose to do either 

genotyping with microsatellite markers for 

homozygosity mapping on the DOCK8 locus (A), or 

western blotting to assess DOCK8 protein expression 

(B). 

Both, homozygosity on chromosome 9 as well as 

the absence of detectable DOCK8 protein will be 

followed by the assessment of deletions within the 

DOCK8 gene. For this purpose all 48 exons of DOCK8 

are amplified by PCR (3.3). The absence of one or 

more exons confirms the existence of a deletion within 

the gene. If, in contrast, all 48 exons of DOCK8 can be 

amplified by PCR or DOCK8 protein is detectable by 

western blotting the patient will be sequenced on NGS 

platform. Sequencing on NGS platform will also be 

performed if the patient is heterozygous on 

chromosome 9. 

The analysis of a familial HIES patient with unclear 

phenotype and/or inheritance (2.5), will follow the 

same route as the analysis of sporadic cases. 

Patients with confirmed DOCK8 deficiency can 

undergo hematopoietic stem cell transplantation.
29-32

 

Potential management strategies of HIES include 

continuous supportive treatment with antifungal drugs 

and antibiotic treatments but this is not our focus in this 

attempt. 

 

DISCUSSION 

 

The purpose of this study was to combine 

management principles with immunological and 

genetic knowledge to improve the clinical diagnosis 

and management of HIES patients and to advance our 

health care knowledge in order to create better patients‟ 

care.  

HIES is a complex, multisystem disorder that apart 

from eosinophilia and high level of serum IgE, remains 

a syndrome that lacks specific diagnostic criteria. As 

we do not have a unique specific immunologic or 

molecular marker for the diagnosis, clinicians must 

recognize clinical symptoms along with laboratory 

findings, which are monitored over the years, to make 

the diagnosis.
33

 

In HIES patients, the medical history of the patients 

represents the starting-point due to the patients‟ 

immunologic background. HIES is a complex and 

heterogeneous disease and the patients require 

interdisciplinary care by specialists in 

pediatrics/internal medicine, pneumonology, 

dermatology, surgery, stomatology, neurology, 

oncology, and psychology under the clinical 

immunologist's supervision.
23

 The functional manager 

or principal investigator is concerned with resourcing 

specialists and the technical inputs to the project. 

Functional managers manage team members who 

deliver work to achieve project activities. The project 

team is responsible for actually executing the work 

(activities) needed to deliver the results required.
19

 

To the best of our knowledge, a few articles have 

been published in diagnosis management of primary 

immunodeficiency syndromes and only two articles 

correlated to HIES diagnosis management were found 

and compared.
22,34

 

Bonilla et al provided six algorithms for  

the diagnosis and management of primary 
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immunodeficiency syndromes in 2005. HIES which 

was categorized as phagocyte defects, has a place in  

the related algorithm with an undefined phagocyte 

defect.
22

 According to the major clinical manifestations 

of HIES in the relevant article and considering the 

summary statements related to this syndrome, it is 

obvious that the AR type of this syndrome have 

recently been described when the management article 

was reported.
9
  

Bousfiha et al categorized immunological 

anomalies in eight groups in 2013. They started by 

clinical features and combined routine immunological 

investigations to suggest a phenotypic classification 

that forms the basis for diagnostic trees.
34

 HIES is 

placed in two of the diagnostic figures that corresponds 

to the 8 Primary Immunodeficiency Diseases (PID) 

groups in the International Union of Immunological 

Societies (IUIS) classification; in the algorithm of well-

defined syndromes with immunodeficiencies and as a 

distinctive clinical features of combined T- and B- cell 

immunodeficiencies. In this effort the tree-based 

decision making process was based on the observed 

clinical and/or biological phenotype whilst in our 

present decision tree, STAT3 scoring and some 

immunologic specific results (homozygosity mapping, 

western blotting and Th17) were conductor. 

The aim of this article is to illuminate and to inform 

the health care systems for uniform evaluation toward 

the diagnosis management and control of the problems 

of these patients. 

Ultimately the impact of this effort is to increase 

awareness, facilitate recognition and promote health 

care knowledge for diagnosis of patients with this kind 

of primary immunodeficiency disorder worldwide and 

plan to apply management techniques in health care 

projects. 

Although the HIES is a rare disease, but a wide 

range of diseases by different genetic causes are in its 

differential diagnosis (as Omenn syndrome, Netherton 

syndrome, Wiskott-Aldrich syndrome) 
35

. 

So, it is necessary to provide facilities for molecular 

and genetic diagnostic tests for all suspected HIES 

patients and the decision tree will conduct in this 

extensive manner and make easy the way to diagnosis 

and management. 

We recommend a multi-center study for involving 

patients from all ethnic groups for testing and to qualify 

this proposed decision tree.  
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