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Purpose: Autosomal dominant hyper-IgE syndrome (HIES) is a rare primary immune 
deficiency syndrome caused mainly by mutations in the signal transducer and activator of 
transcription 3 (STAT3) gene. More information on STAT3 mutations is still needed, and 
further investigation is warranted. A girl with HIES carrying a novel STAT3 mutation who 
had no obvious apparent symptoms but presented with a severe necrotizing pulmonary 
infection is described here. We analysed dynamic changes in blood cells and a series of 
inflammatory factors in the bronchoalveolar lavage fluid (BALF) before and after each 
bronchoscopic lavage to relieve her severe pulmonary abscess.
Patients and Methods: Whole-exome sequencing and Sanger sequencing were used to 
identify novel STAT3 mutations. Flow cytometry was used for immune analysis of Th17 
cells and inflammatory cytokines.
Results: A novel de novo mutation in STAT3 (c.1552C>T, p.Arg518*) was identified in this 
patient. The number of eosinophils decreased after each bronchoscopy procedure. Elevated 
interleukin (IL)-8 and IL-1β levels were detected in her right lung BALF in the acute phase, 
but they were reduced after four bronchoscopic lavage procedures and the administration of 
antimicrobial medicine.
Conclusion: More information on STAT3 mutations is needed to investigate the relationship 
between the genotype and HIES phenotype. Bronchoscopic lavages are recommended 
instead of surgery to relieve acute severe pulmonary abscesses and necrotizing pulmonary 
infections in paediatric patients with HIES.
Keywords: hyper-IgE syndrome, infection, lung alveolar lavage fluid, pulmonary infection

Introduction
Hyper-IgE syndrome (HIES) is a rare primary immune deficiency syndrome. 
Patients exhibit obviously elevated serum IgE levels, eczematous dermatitis, and 
recurrent skin and pulmonary infections, along with several nonimmune features. 
Most cases are sporadic, but autosomal recessive (AR) and autosomal dominant 
(AD) cases have been described.1 Mutations in signal transducer and activator of 
transcription 3 (STAT3) can result in autosomal dominant HIES.

STAT3 is a transcription factor involved in transducing the signals from numer-
ous cytokines, most notably interleukin (IL)-6, IL-10, IL-11, IL-21, and leptin.1,2 

Thus, STAT3 mutations result in the deregulation of TGF-β, IL-6, or IL-21 signal-
ling, which are required for naive CD4+ T cells to switch to Th17 cells.3–5 As 
a result, the differentiation of Th17 cells is impaired, and the level of IgE is 
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increased.6 To date, approximately one hundred individual 
STAT3 mutations have been reported.7,8 STAT3 influences 
other downstream signalling pathways,9,10 which leads to 
other features of HIES involving the joints, cranial synos-
tosis and other symptoms.

HIES is difficult to diagnose. The incidence of HIES is 
less than 0.001%, and not all patients show obvious fea-
tures. As a result, doctors confuse HIES with common 
pulmonary infections. HIES is also difficult to confirm.11 

Pathology and genotype information is still incomplete for 
these patients,12 and the corresponding relationships 
between genotypes and phonotypes are not entirely clear. 
Currently, a scoring system devised by the NIH that com-
bines STAT3 mutations and decreased Th17 numbers has 
been used to help diagnose AD-HIES. The treatment of 
this syndrome is complex. Patients with HIES experience 
recurrent infections with pathogenic microorganisms and 
even have a risk of tumorigenesis,13 but no permanent cure 
or targeted treatment is currently available for them.2 

Therefore, related studies are still necessary for HIES.

Case Report
The patient was a 10-year-old girl who suffered from 
upper respiratory tract infections 4 to 5 times a year. 
Over her lifetime, she was diagnosed with pneumonia 
three times. This time, she was admitted to our hospital 
due to severe pneumonia accompanied by abscesses and 
pulmonary cysts.

The blood analysis showed a high level of C-reactive 
protein at 53 mg/L (reference range: <5 mg/L) and an 
obviously increased eosinophil count of 4.91x109 cells/L 
(reference range: 0.05–0.5 x109 cells/L). The immunological 
assessment showed an elevated IgE level of 11,300 IU/mL 
(reference range: <200 IU/mL), increased B cell count 
(CD19+) of 35.010% (reference range: 14.35–22.65%), and 
decreased Th17 cell count of 3.08% (reference range: 7.13– 
24.53%). The expression of the cytokines IL-5, IL-6, IL-2, 
IL-1β, IL-8 and TNF-α was obviously increased (Table 1). 
According to the results of the CT scan, segmental consoli-
dation with cavity formation was observed in the upper and 
lower lobes of the right lung, while bronchodilation was 
observed in the left lung (Figure 1). Tracheal microscopy 
showed a large amount of white, thick secretions and phlegm 
plugs in the bronchiole, and she had bronchiolitis obliterans 
with bronchiectasis (Figure 2A and B show the first tracheal 
microscopy image).

After scoring the patient using a clinical scoring system 
(NIH HIES) developed to screen members of known AD- 

HIES kindreds, a score of 30 points was recorded for this 
patient (Table 2), who was suspected as having HIES. The 
scoring system was established by the NIH group who 
recognized STAT3-HIES,14 and is currently commonly 
used to evaluate patients with sporadic cases. According 
to the guidelines developed by Woellner et al11 we per-
formed whole-exome sequencing, and the results revealed 
a de novo nonsense mutation in STAT3 that was combined 
with a decrease in the number of Th17 cells, and we 
confirmed that the patient had AD-HIES.

During her hospitalization, linezolid and itraconazole 
were used as anti-infection treatments, thymalfasin was 
used for immune regulation, and acetylcysteine was used 
for sputum reduction. Four tracheal endoscopic lavage 
procedures were conducted to help relieve the severe 
pulmonary abscess. We provide systemic information 
on blood cell percentages and immune cytokine concen-
trations in the bronchoalveolar lavage fluid (BALF) 
before and after lavage in this study (Tables 3 and 4). 
At the time of discharge, chest CT imaging showed an 
improvement of her pulmonary symptoms, and most 
blood cell counts in this patient had returned to normal; 
however, the percentage of eosinophils was still ele-
vated, and the cytokines in the BALF of the right lung 
were still high but had decreased to normal 15 days later 
at follow-up. We informed the parents that the treatment 
of this child would be long-term and ongoing, and 
genetic counselling was suggested.

HIES Scores
A score of thirty was obtained using the NIH scoring 
system (Table 2). This patient showed no obvious 
changes in appearance, such as skin abscesses, retained 
primary teeth, scoliosis, characteristic face, hyperexten-
sibility and increased nasal width, which made the diag-
nosis difficult.

The IgE level in this patient was extremely high 
and reached 11,300 IU/mL (10 points). The eosinophil 
count was greater than 4.91x109 cells/L (6 points). 
During her 10 years of life, she was diagnosed with 
pneumonia 3 times (6 points). Upper respiratory infec-
tions occurred 4–5 times per year (2 points), and her 
lungs showed typical bronchiectasis (6 points). All 
these symptoms resulted in a suspicion of HIES. In 
this situation, we performed genetic analysis using 
whole-exome sequencing and a flow cytometric analy-
sis of Th17 cell counts.
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Identification of a Novel STAT3 Mutation
Sequencing of STAT3 revealed a novel, de novo, heterozygous 
c.1552C>T mutation (Figure 3A). This mutation is a nonsense 
variant (p.Arg518*) that might result in premature truncation 
of the peptide in the DNA binding domain. Both parents had 
wild-type genotypes (Figure 3B). Approximately one hundred 
individual STAT3 mutations spanning most domains of this 
protein, except the coiled coil domain, with supporting clinical 
phenotypes, have been reported to lead to AD-HIES.8 STAT3 
is a transcription factor involved in transduction of signals 
from IL-6, an inflammatory cytokine that is crucial for Th17 
differentiation.15

Th17 Cell Detection
We conducted a flow cytometric analysis of Th1, Th2, 
and Th17 cells. CD45/SSC gating was used to select 

all leukocytes, CD3+/CD4+ gating was used to choose 
T helper cells (data not shown), and CD183/CD196 
gating was used for the analysis of Th1, Th2, and 
Th17 cells (Figure 3C). CD183+CD196+ represents 
Th1 cells, CD196+CD183- represents Th17 cells, 
CD196-CD183+ represents Th1 cells. Both the number 
and ratio (the absolute number of Th17 cells divided 
by CD4+ T cells) of Th17 cells decreased, and the 
ratios (the absolute number of Th1 and Th2 cells 
divided by CD4+ T cells) of Th1 cells and Th2 cells 
decreased, according to the reference range (Table 5). 
Th2 cells increased the number of B cells and 
subsequently increased the IgE level. The aberrant 
mutation of STAT3 resulted in abnormal IL-6 
levels (Table 1) and a reduction in the number of 
Th17 cells.

Table 1 Basic Laboratory Work-Up of a Female Patient with AD-HIES

Patient's Diagnoses Results Reference Range Unit

Blood Total White Cell Count 13.42 ↑ 4.00–10.00 *10^9/L
Total Platelet Count 486 ↑ 100–400 *10^9/L

Thrombocytocrit 0.52 ↑ 0.10–0.30 %
Absolute Value of Neutrophils 5.44 2.00–7.00 *10^9/L

Absolute Value of Lymphocytes 1.93 1.20–4.00 *10^9/L

Absolute Value of Monocytes 1.05 ↑ 0.12–0.80 *10^9/L
Absolute Value of Eosinophilic Cells 4.91 ↑ 0.05–0.50 *10^9/L

Absolute Value of Basophilic Cells 0.09 0–0.10 *10^9/L

C-Reactive Protein 53 ↑ ≤5 mg/L
Eosinophilic Cell Count 4920 ↑ 50–450 *10^6/L

Immunology CD3+ (Absolute Count) 1.413 1.41–3.38 *10^9/L
CD8+ (Absolute Count) 0.291 0.54–1.36 *10^9/L

CD4+ (Absolute Count) 0.88 0.71–1.84 *10^9/L
Lymphocytes (Absolute Count) 2.378 2.340–4.810 10^9/L

CD16+56+/CD3- (Absolute Count) 0.066 ↓ 0.28–0.63 *10^9/L

CD19+ (Absolute Count) 0.9 ↑ 0.45–0.82 *10^9/L
IL-5 16.09 ↑ ≤3.1 pg/mL

IFN-α 2.9 ≤8.5 pg/mL

IL-2 8.33 ↑ ≤7.5 pg/mL
IL-6 192.73 ↑ ≤5.4 pg/mL

IL-1β 22.82 ↑ ≤12.4 pg/mL

IL-10 3.36 ≤12.9 pg/mL
IFN-γ 7.49 ≤23.1 pg/mL

IL-8 42.55 ↑ ≤20.6 pg/mL

IL-17 1.91 ≤21.4 pg/mL
IL-4 2.75 ≤8.56 pg/mL

IL-12 p70 1.69 ≤3.4 pg/mL

TNF-A 385.36 ↑ ≤16.5 pg/mL
IgE 11,300.00 ↑ <200 IU/mL

Microbiology Methicillin-resistant S. aureus Positive

Notes: ↑, Increase; ↓, decrease.
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Bronchoscopic Lavage
A large area of lesions was observed in both the upper and 
lower lobes of the right lung; bronchiectasis was indicated 
in the left lung. We conducted bronchoscopic lavage 4 
times to help relieve her symptoms. We provide the 
dynamic changes in the levels of the series of inflamma-
tory factors in BALF and blood cells before and after 
bronchoscopy. BALF samples were collected from patient 
when she was undergoing diagnostic bronchoscopy, BAL 
was performed using flexible bronchofibrescopy after 
anaesthesia with lidocaine, sterile saline was instilled into 
the right and left lobes of the lung, and BALF samples 
were collected in sterile containers.

After 4 bronchoscopic lavages combined with antimi-
crobial intake, most blood cell counts returned to normal. 

Although the neutrophil percentage was still lower than 
normal and the eosinophil percentage was still elevated, 
the eosinophil count decreased immediately after each 
bronchoscopic lavage (Table 3). Because the patient had 
a large and severe lesion in her right lung, the levels of the 
inflammatory factors IL-8 and IL-1 were higher in the 
right lung BALF, while the levels in the left lung BALF 
were mostly normal. The patient was re-examined half 
a month later by performing another tracheal lavage 
(Figure 2C and D showed this time of bronchoscope), 
and the indicators in lavage fluid from the left and right 
lungs were mostly normal. We provide a tracheal image of 
the right lung (Figure 2) and a CT scan of the lung, 
showing no further expansion of the lung lesions and 
alleviation of the pulmonary abscess (Figure 1C and D).

Figure 1 Pulmonary imaging by CT scan before and after treatment. 
Notes: (A and B) The patient had numerous enhanced solid lesions and cavities in the upper and lower lobes of the right lung (red arrows in the left panels). Bronchiectasis 
was observed in the left lung (red arrow in the right panels). (C and D) After four bronchoscopic lavage procedures combined with antimicrobial medicine treatments, the 
patient was examined again after 15 days. The abscesses were eliminated and absorbed compared to the acute infection phase, and cavities remained (blue arrows).
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Discussion
In this patient, the apparent symptoms of HIES, such as 
bone and primary teeth abnormalities, and the character-
istic face, were not obvious, but severe pulmonary inflam-
mation symptoms, such as pulmonary abscess, 
bronchiolitis obliterans, pulmonary consolidation, bronch-
iectasis, and methicillin-resistant Staphylococcus aureus 
infection, were present. Thus, her characteristics might 
be confused with those of patients with common pneumo-
nia. The methicillin-resistant S. aureus infection alerted us, 
because the recurrence of infections with antibiotic- 
resistant strains is frequently observed in patients with an 
immune deficiency. Based on her high concentration of 
IgE and increased number of eosinophils, we performed 
a genetic analysis and FACS analysis of her T cells. 
A novel mutation in STAT3 and decreased numbers of 
Th17 cells were detected. This patient had a score of 30 
according to the HIES NIH scoring system. All symptoms 

confirmed a diagnosis of HIES.1 Patients with AD-HIES 
are clinically characterized by an increased susceptibility 
to infection with S. aureus,16 and the colonizing S. aureus 
strains are mainly antibiotic-resistant strains that harbour 
key virulence factors.17 Therefore, when a patient has 
severe recurrent pneumonia more than 3 times, an infec-
tion with antibiotic-resistant S. aureus, an IgE level higher 
than 2000 IU/mL and elevated numbers of eosinophilic 
cells greater than 800/µL, HIES should be considered, and 
scoring and genetic and Th cell analyses are recom-
mended. Her CRP level was elevated, combined with 
a pulmonary infection, which is uncommon for patients 
with AD-HIES.

A novel nonsense mutation in the DNA binding 
domain of STAT3 was identified in this patient, resulting 
in protein dysfunction. This nonsense mutation causes 
premature truncation of the peptide chain during synthesis. 
To date, approximately 100 genetic mutations in STAT3 

Figure 2 (A) Tracheal microscopy image of the right upper lobe at the first time of bronchoscope. (B) The tracheal microscopy image of the right middle lower lobe at the 
first time of bronchoscope. (C and D) Tracheal microscopy images were captured at same location, (C) for the right upper lobe and (D) for the right middle lower lobe, 
when the patient was re-examined half a month later, after four bronchoscope procedures and antibiotic treatments.
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have been identified in domains other than the DNA bind-
ing domain, such as the SH2 domain, linker domain, 
transactivation domain and N-terminal domain. In mouse 
keratinocytes, STAT3 deletion results in eczema-like 
inflammation and a marked elevation in IgE levels.18 

Unfortunately, the correlation between genotype and phe-
notype has not been completely established in patients 
with AD-HIES.11,19 Nonimmune features are enriched in 
patients with SH2 domain mutations,20 and patients with 

malignancies also express a mutant in this domain.21 Our 
patient showed no obvious apparent symptoms. The muta-
tion type and location of the STAT3 mutation in this 
patient were unable to be predicted from her clinical pre-
sentation, because the genotype-phenotype correlations in 
patients with AD-HIES are poor and remain to be discov-
ered. More gene mutations and phenotypes should be 
analysed to determine the corresponding relationship. 
Thus, more genetic data and analyses are still needed for 
a diagnosis of this disease.

This patient had no classic physical stigmata, but 
she presented severe pulmonary symptoms. A large 
area of lesions was observed in both the upper and 
lower lobes of the right lung; bronchiectasis was indi-
cated in the left lung. Surgical removal was not advised 
for this child when considering her quality of life in 
the future; however, medicine intake alone did not 
alleviate her poor condition. Thus, we conducted 
bronchoscopic lavage 4 times to help relieve her poor 
symptoms. As shown in our CT and tracheal images, 
after physical removal of phlegm combined with anti- 
inflammatory medicine treatment, the pulmonary symp-
toms were relieved. We show the dynamic changes in 
the levels of a series of inflammatory factors in BALF 
and blood cells before and after bronchoscopy. The 
BALF information might present the pulmonary condi-
tion more directly. IL-8 levels were high in the right 

Table 2 Scoring of This Patient According to the NIH HIES 
Scoring System

Clinical Findings Points

0 2 6 10

Highest serum IgE 
level (IU/mL)a

<200 >2000 
(yes)

Pneumonia (episodes 
over lifetime)

None 1 3 (yes)

Parenchymal lung 
anomalies

Absent Bronchiectasis 
(yes)

Highest eosinophil 
count (cells/μL)b

<700 >800 (yes)

Number of upper 
respiratory infections 

per year

1–2 4–6 
(yes)

Notes: aNormal level <130 IU/mL. bReference range: 0.05–0.5 x109 cells/L.

Table 3 Dynamic Analysis of Changes in Blood Cell Counts Before and After Four Bronchoscopic Lavages

Content Before 1 After 1 Before 2 After 2 Before 3 After 3 Before 4 After 4 Reference Range

Total White Cell Count 12.36 ↑ 11.77 ↑ 10.90 ↑ 8.84 8.71 13.84 ↑ 9.37 8.07 4.00–10.00 *10^9 cells/L

Total Platelet Count 587.00 ↑ 625.00 ↑ 459.00 ↑ 362.00 171.00 294.00 288.00 307.00 100.00–400.00 *10^9 cells/L

Neutrophil Percentage of 

Total White Cells

41.20 ↓ 78.30 ↑ 42.10 ↓ 30.60 ↓ 54.70 60.00 28.00 ↓ 47.70 ↓ 50.00–70.00%

Lymphocyte Percentage of 

Total White Cells

20.10 ↓ 13.80 ↓ 23.00 ↓ 52.10 ↑ 21.20 ↓ 29.80 ↓ 40.00 31.40 30.00–40.00%

Eosinophilic Cell Percentage 

of Total White Cells

32.80 ↑ 6.90 ↑ 27.50 ↑ 5.90 ↑ 17.80 ↑ 3.30 25.00 ↑ 12.60 ↑ 0.50–5.00%

Monocyte Percentage of 

Total White Cells

5.30 0.60 ↓ 5.90 10.50 ↑ 6.10 6.60 7.00 7.90 3.00–8.00%

Basophilic Cell Percentage of 

Total White Cells

0.60 0.40 1.50 ↑ 0.90 0.20 0.10 0.00 0.40 0–1.00%

Eosinophilic Cell Count 4000.00 ↑ 800.00 ↑ 3000.00 ↑ 500.00↑ 1540.00 ↑ 460.00 ↑ 2300.00 ↑ 1020.00 ↑ 50.00–450.00 *10^6 cells/L

C-Reactive Protein 31.00 ↑ 5.00 ↑ ≤5 ≤5 ≤5 ≤5 12 ↑ ≤5 ≤5 mg/L

Notes: ↑, Increase; ↓, decrease.
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BALF and have been reported to play a significant role 
in IgE-mediated lung inflammation,22 while serum IL-6 
levels were high.

Currently, a radical treatment is unavailable for this 
disease, and only symptomatic treatments are used; the 
effect of gene therapy and omalizumab treatment is 
still unclear. Given the severity of the patient’s illness, 
she will need to be closely monitored for the best 
clinical outcomes. Moreover, the child’s mental health 
should also be considered, and psychological counsel-
ling was suggested. This disease may also cause 
tumours in later life stages and has a dominant 

inheritance pattern; therefore, genetic counselling 
should be provided.13

Conclusion
To summarize, we report a patient with AD-HIES who 
carries a novel heterozygous STAT3 mutation. Our 
patient had no obvious apparent symptoms, except 
high IgE levels, elevated eosinophil counts, and repeated 
pneumonia episodes. The diagnosis and treatment of 
HIES are still complex and difficult, identifying HIES- 
related genetic mutations is still necessary, and further 
analyses of the correlations between different mutations 

Table 4 Dynamic Analysis of Changes in Inflammatory Cytokine Levels in BALF Before and After Four Bronchoscopic Lavages

Content Right 
BALF1

Left 
BALF1

Right 
BALF2

Left 
BALF2

Right 
BALF3

Left 
BALF3

Right 
BALF4

Left 
BALF4

Right 
BALF5

Left 
BALF5

Reference 
Range

IL-8 650.34 13.24 6723.30 ↑ 80.27 1478.78 ↑ 92 2095.98 ↑ 146.5 183.17 248.54 <666.4 pg/mL

IL-1β 23.22 ↑ 0.1 454.64 ↑ 0.1 1021.11 ↑ 0.1 867.82 ↑ 0.1 11.77 0.1 <12.07 pg/mL

IL-2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 <14.95 pg/mL

IL-6 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 <12.7 pg/mL

IL-10 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 <30.25 pg/mL

IL-4 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 <58.44 pg/mL

TNF-α 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 <66.00 pg/mL

Notes: BALF1, BALF2, BALF3, and BALF4 represent the BALF samples collected before and after bronchoscopic lavage treatments during the patient’s acute phase in the 
hospital. The reference range referred to the reference range in blood samples from normal people. BALF5: BALF-related results obtained before and after bronchoscopic 
lavage treatments when the patient was analysed again 15 days later. ↑, Increase; ↓, decrease.

Figure 3 A de novo mutation in STAT3 and decreased number of Th17 cells were detected. 
Notes: (A and B) Targeted Sanger sequencing revealed a STAT3 mutation, (C) 1552C>T (leading to p.Arg645*), in the patient that was not present in her parents. (C) Flow 
cytometric analysis of Th17 cells in the patient. CD45/SSC gating was used to select all leukocytes, CD3+/CD4+ gating was used to choose T helper cells, and CD183/ 
CD196 gating was used for the analysis of Th1, Th2, and Th17 cells. CD183+CD196+ represents Th1 cells, CD196+CD183- represents Th17 cells, and CD196-CD183+ 
represents Th1 cells.
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and different phenotypes should be performed. 
Bronchoscopic lavage is suggested instead of surgical 
removal of lesions for relieving acute pulmonary 
abscess and inflammation in paediatric patients, and 
psychological and genetic counselling should be sug-
gested according to the patient’s condition.

Consent for Publication
We have obtained consent from the patient’s parents 
(the patient is less than 18 years old) for the publica-
tion of the case report. The study was approved by the 
Shanghai Children’s Hospital, Institutional Review 
Board, and in accordance with the Declaration of 
Helsinki.
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