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Imaging of STAT3 deficiency infectious complications
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ABSTRACT
Background: Hyper IgE syndrome (HIES) is a primary immunodeficiency with sporadic, autosomal dominant
(STAT3 mutation) and autosomal recessive (DOCK8 and TYK2 mutations) inheritance patterns. HIES is charac-
terized by recurrent Staphylococcus infections including lung infections, skin and visceral abcesses, pulmonary
pneumatoceles, mucocutaneous candidiasis, and eczematous rash with associated elevated IgE. Patients with
STAT3mutations have additional features including connective tissue, skeletal, dental, and vascular abnormalities.

Methods: This case series highlights the clinical presentation, radiographic findings, and immunologic investigations
of 4 siblings with HIES caused by STAT3 mutation.

Results: Our patients presented with infections including Staphylococcus aureus visceral abscesses, skin
lesions, pneumonia with associated pneumatocele, and minimal signs of inflammation such as fever. Additional
characteristic features included eczematous rash, scoliosis, fractures, and delayed shedding of primary teeth.
Immune investigations were essentially unremarkable apart from elevated IgE and eosinophil counts. Detailed
imaging identified infectious processes and associated noninfectious features of STAT3 mutations.

Conclusion: Patients presenting with recurrent Staphylococcal cutaneous and visceral infections, pneumatoceles,
candidiasis, and eczematous rash with associated elevated IgE should be investigated for STAT3 mutations.
This case series highlights the important role of radiographic imaging to identify infectious processes as well
as noninfectious associated features in patients with STAT3 mutations.

Statement of novelty: Detailed images of morbidity associated with a STAT3 deficiency.

Introduction

Hyper IgE syndrome (HIES) is classified as a well-
defined syndrome with associated primary immunode-
ficiency (Al-Herz et al. 2011). The pathogenesis of
HIES syndrome is related to defects in Janus activated
kinase – signal transducer and activator of transcription
(JAK–STAT) signalling pathway (Heimall et al. 2010).
HIES can be sporadic or familial with both autosomal
dominant and recessive cases described. The autosomal
dominant form of HIES is most commonly caused by a
mutation in signal transduction and activators of tran-
scription 3 (STAT3) (Holland et al. 2007; Minegishi et al.

2007), whereas the less common autosomal recessive
forms are linked to mutations in dedicator of cytokin-
esis 8 (DOCK8) (Renner et al. 2004; Engelhardt et al.
2009) and tyrosine kinase 2 (TYK2) (Minegishi et al.
2006). STAT3 is involved in the secretion and signalling
of a number of cytokines including IL-6, IL-10, IL-11,
IL-17, IL-21, and IL-22 (Commins et al. 2008). STAT3
mutations lead to impaired production and signalling
of these cytokines, resulting in an abnormal inflamma-
tory response affecting both proinflammatory and
anti-inflammatory pathways (Heimall et al. 2010).
Furthermore, STAT3 mutations impair the differentia-
tion of naive CD4 T cells into IL-17 producing Th17
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cells, which are important for defence against fungal
and extracellular bacteria (Milner et al. 2008). Impair-
ments in IL-17 may contribute to susceptibility to fungal
and bacterial infections in HIES patients (Milner et al.
2008). Recent studies have also shown a defect in the
number of central memory CD4 and CD8 T cells in
HIES patients, resulting in impaired control of Varicella-
zoster virus and Epstein–Barr virus (Siegel et al.
2011). Some patients have humoral defects with poor
specific antibody production to protein and polysac-
charide immunizations (Avery et al. 2010) and reduced
memory B cells (Speckmann et al. 2008).

HIES secondary to STAT3 mutation is a multisystem
disease affecting the immune system, skeletal system,
connective tissues, and vasculature. Specifically, STAT3
mutations have been associated with increased suscept-
ibility to infections most commonly secondary to Sta-
phylococcus aureus and candidiasis (Grimbacher et al.
1999a). The most common laboratory findings include
an elevation in IgE, with the majority of cases over
2000 IU/mL, and eosinophilia (Grimbacher et al.
1999a). We present 4 siblings with known STAT3muta-
tions who presented with many classic infectious and
noninfectious features described in patients with
STAT3 mutations. Such features are outlined with
detailed radiographic images and highlight the impor-
tance of high equality imaging to aid in the diagnosis
and management of patients with HIES.

Results

Patient 1

A female patient born at term to nonconsanguineous
parents was admitted at the age of 4 months with

significant bilateral neck lymphadenopathy. Three
weeks prior to admission she had upper respiratory
tract symptoms with the absence of fever. Physical
examination revealed a 1.5 cm lymph node in the left
upper cervical region, a 2 cm lymph node in the poster-
ior cervical chain, and two 0.5 cm lymph nodes behind
the left ear. She was also found to have hepatosplenome-
galy. An initial ultrasound examination revealed large
necrotic bilateral lymph nodes, consistent with lympha-
denitis. A liver abscess measuring 5 cm × 6 cm was
noted on the abdominal ultrasound. Excisional lymph
node biopsy and aspiration of the liver abscess were
positive for Staphylococcal aureus. In terms of additional
history, she had severe seborrhea dermatitis, an eczema-
tous rash, and went on to develop retained primary
teeth requiring extraction. The patient’s father suffered
recurrent pulmonary infections, skin abscesses, septic
arthritis of the ankle, and an eczematous rash during
childhood. Following completion of a course of intrave-
nous antibiotics, she was started on prophylactic sulfa-
methoxazole–trimethoprim for a suspected primary
immunodeficiency.

She remained on prophylactic sulfamethoxazole–
trimethoprim until the age of 3 years. She was well until
8 years of age when she presented with abdominal
pain and hepatomegaly. Blood cultures were positive
for Staphylococcal aureus. Abdominal ultrasound
confirmed a liver abscess (Figure 1). She went on to
develop recurrent pulmonary infections (Figure 2) and
multiple Staphylococcus aureus associated abscesses
requiring hospital admissions for intravenous anti-
biotics and surgical drainage (Figures 2–5). An initial
immune evaluation was performed at age 4 months
(Tables 1 and 2).

Figure 1: Sonographic images of the complex liver abscess of patient 1.
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Figure 2: Axial enhanced CTscans demonstrating a left lower lobe consolidation (white arrows) of patient 1. More
caudally, there is a focus of decreased enhancement in the liver consistent with an abscess (black arrows).

Figure 3: Axial and coronal MRI images demonstrating the liver abscesses of patient 1.
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Figure 4: Sonographic images through the pelvis demonstrate multiple complex and septated
fluid collections of patient 1.

Figure 5: Coronal T2 weighted images demonstrate the complex collections
(white arrows) as areas of loculated high signal with surrounding high signal
ascites of patient 1. Axial and saggital fat suppressed T1 weighted images after
intravenous contrast demonstrates wall enhancement of the collections.
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Patient 2

The sister of patient 1 presented at 18 months of age
with a large soft tissue mass below the angle of the
mandible. An ultrasound examination revealed a large
cystic nodule measuring 3.7 cm × 2.2 cm × 2.3 cm
(Figure 6). Incision and drainage of the collection con-
firmed cervical adenitis secondary to Staphylococcus
aureus, which was managed with intravenous antibio-
tics. As an infant she had a facial eczematous rash. At

the age of 10 years she developed recurrent skin lesions
involving the neck, axillae, and trunk, described as
erythematous papules with the expression of a purulent
drainage, confirmed to be secondary to Staphylococcus
aureus. Additional infections included pneumonia at
1 and 9 years of age. There was also a history of an ecze-
matous rash and retained primary dentation requiring
extraction. She developed scoliosis requiring corrective
surgery (Figure 7). An initial immune evaluation was
performed at 8 months of age (Tables 1 and 2).

Table 1: Initial immune evaluation.

Patient 1, age 4 m
(normal range)

Patient 2, age 1.5 m
(normal range)

Patient 3, age 16 y
(normal range)

Patient 4, age 22 y
(normal range)

Complete blood count
White blood
cells

23.4 (5.0−15.0 × 109/L) 18.1 (5.0−12.0 × 109/L) 19.1 (4.0−10.0 × 109/L) 8.0 (4.0−10.0 × 109/L)

Hemoglobin 108 (100−140 g/L) 105 (110−140 g/L) 122 (140−175 g/L) 151 (140−175 g/L)

Platelets 417 (150−400 × 109/L) 444 (150−400 × 109/L) 458 (150−400 × 109/L) 215 (150−400 × 109/L)

Neutrophils 4.91 (1.50−8.50 × 109/L) 6.70 (1.50−8.50 × 109/L) 13.00 (2.00−7.50 × 109/L) 1.60 (2.00−7.50 × 109/L)

Lymphocytes 15.91 (4.00−10.5 × 109/L) 8.70 (2.00−8.00 × 109/L) 3.62 (1.50−4.00 × 109/L) 4.56 (1.50−4.00 × 109/L)

Eosinophils 0.7 (0.50−0.70 × 109/L) 1.09 (0.02−0.50 × 109/L) 0.65 (0.02−0.50 × 109/L) 1.12 (0.02−0.50 × 109/L)

Monocytes 0.7 (0.05−1.10 × 109/L) 1.63 (0.05−0.80 × 109/L) 1.79 (0.05−0.80 × 109/L) 0.32 (0.05−0.80 × 109/L)

Markers (cells/uL)
CD3 6314 (2300−6500) 5187 (1400−8000) 2613 (800−3500) 3500 (700−2100)
CD4 5364 (1500−5000) 3771 (900−5500) 1550 (400−2100) 1277 (300−1400)
CD8 875 (500−1600) 1050 (400−2300) 911 (200−2100) 967 (200−900)
CD19 2663 (600−3000) 3049 (600−3100) 802 (200−600) 739 (100−500)
CD3 − (CD16
+ CD56)

386 (100−1300) 460 (100−1400) 112 (70−1200) 301 (90−600)

Immunoglobulins
IgG 14.4 (1.1−7.0 g/L) 11.9 (3.2−11.5 g/L) 9.9 (6.6−15.3 g/L) 20.9 (7.2−15.8 g/L)

IgA 0.2 (< 3.0 g/L) 0.9 (0.3−0.9 g/L) 1.4 (0.5−2.9 g/L) 2.7 (0.5−3.5 g/L)

IgM 1.5 (0.2−0.9 g/L) 1.8 (0.5−1.9 g/L) 2.4 (0.4−1.5 g/L) 1.6 (0.2−3.1 g/L)

IgE 2950 (<25 IU/mL) 5015 (<60 IU/mL) 4170 (<100 IU/mL) 23459 (<100 IU/mL)

Table 2: Initial immune evaluation.

Patient 1, age 4 m Patient 2, age 1.5 m Patient 3, age 16 y Patient 4, age 22 y Normal ranges

Specific antibodies
Tetanus 2.00 2.96 0.07 0.18 > 0.1 IU/mL

Measles ND Positive Equivocal Equivocal >1:16

Mumps ND Positive Negative Positive >1:16

Rubella ND Positive Positive Positive >1:16

Varicella ND ND Positive Positive >1:16

Polio 1,2,3 Protective Protective ND ND >1:16

Isohemagglutinin ND Anti A 1:16 Anti B 1:8 Anti B 1:8 >1:8

Mitogen response* (patient/control)
PHA† 141.8/62.7 93.7/67.5 548/616 ND 50% control

*Mitogen response expressed as stimulation index.
†In vitro proliferation of T cells in response to mitogen expressed as stimulation index.
ND, not done.
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Patient 3

A male child who was the brother of patients 1 and 2,
presented at the age of 16 years with a prolonged history

of cough with absence of fever, which was treated with
oral antibiotics that produced a minimal effect. A chest
X-ray was completed at presentation (Figure 8) followed
by a CT scan of the chest (Figure 9). Chest tube inser-
tion and drainage was positive for Streptococcus angino-
sus. The previous history was remarkable for a Varicella
infection at the age of 4 years with secondary cellulitis.
Similar to his siblings, there was also a history of an

Figure 6: Sonographic images of enlarged cervical lymph nodes that are heterogeneous and
demonstrate areas of relative hypoechogenicity, suggesting internal partial liquefaction of patient 2.

Figure 7: Coronal MRI image demonstrating tho-
racic scoliosis patient 2.

Figure 8: Frontal chest radiograph demonstrates near-
complete opacification of the left hemithorax. A distinct
apical air fluid level suggests a pyo-pneumothorax in
patient 3. A small ovoid lucent focus near the left hilum
may be loculated air within an abscess.
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eczematous rash and retained primary teeth requiring
extraction. Initial immune evaluation was performed
at the age of 16 years (Tables 1 and 2).

Patient 4

A brother of patients 1, 2, and 3 with a past history of
an eczematous rash, retained primary dentation, arm
fractures at 1 and 11 years of age following minor
trauma, and an episode of pneumonia at 3 years of
age. He experienced a significant facial skin infection
that required antibiotics and resulted in facial scarring.
An intial immune system evaluation at the age of 22
years was remarkable for an increased population of
CD3-positive T lymphocytes that were double-negative
for CD4 and CD8 but positive for TCR gamma delta
expression. There was also heterogenous expression of
CD5, CD7, and CD8 cells. This prompted further inves-
tigations for possible T-cell lymphoproliferative process.
Physical examination and a CT scan of the chest and
abdomen did not show lymphadenopathy. An underly-
ing malignancy was excluded. An initial evaluation of
the immune system at the age of 22 years was remarkable
(Tables 1 and 2).

Clinical presentation

This group of 4 siblings presented with infections that
are typical for STAT3-associated HIES including
abscesses and pneumonia. Staphylococcus aureus asso-
ciated abscesses occurred in 3 patients and were noted
at numerous sites including lymph nodes, liver, lungs,
and pelvis, and they required intravenous antibiotics
and surgical drainage.

Recurrent skin infections secondary to Staphylococcus
aureus occurred in 2 patients.

Patient 1 also had Staphylococcus aureus septicemia.
Recurrent pulmonary infections were noted in 3 of the
patients, with 1 infection resulting in a significant pul-
monary empyema secondary to Streptococcus anginosus
and requiring drainage. Additional infections included 1
patient with cutaneous Varicella with secondary cellulitis.
A lack of a significant fever was noted with most
infections. All 4 patients had an eczematous rash in child-
hood and retained primary dentation requiring extrac-
tion. Additional associated features included scoliosis in
patient 2 and fracture with minimal trauma in patient 4.

Immune evaluation

A consistent laboratory finding in these patients was
an elevated IgE (range 2950–23 459 IU/mL) and high
eosinophils (range 0.65–1.12 × 109/L). The remainder
of the immune work–up, including lymphocyte immu-
nophenotyping, additional immunoglobulins (IgG,
IgA, IgM), specific antibodies, and mitogen stimulation
studies were essentially normal. One patient had a non-
protective tetanus titer that responded to subsequent
vaccination (not shown).

Genetic evaluation

Genetic evaluation confirmed STAT3 mutation in
these 4 siblings plus the father (Figures 10 and 11).

Discussion

The characteristic infectious and noninfectious fea-
tures of autosomal dominant STAT3 mutation asso-
ciated HIES are described in these 4 siblings and are
demonstrated with supportive imaging. The pathogen-
esis of these features are felt to be related in part to
defects in the secretion and signalling of a number of
cytokines involved with the inflammatory response, as

Figure 9: Axial CT images using soft tissue (top) and lung
(bottom) algorithms and windows demonstrate enhancing left
lung with an internal nonenhancing liquefied focus of a lung
abscess patient 3. Lung windows show a peripheral loculated
pneumothorax and internal parenchymal pneumatoceles.
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well as differentiation into effector cells such as Th17
which are important for the defense against bacterial
and fungal infections (Milner et al. 2008; Heimall et al.
2010). As demonstrated in our patients, STAT3 muta-
tions lead to susceptibility to sinopulmonary infections,
especially due to Staphylococcus aureus, which can pro-
gress to bronchiectasis, parenchymal lung damage, and
formation of pneumatoceles (Grimbacher et al. 1999a).
Colonization of pneumatoceles with Pseudomonas
(Grimbacher et al. 1999a), Aspergillus (Vihn et al.
2010) and nontuberculous Mycobacterium (Melia et al.
2009) are also reported. Staphylococcal abscesses of
skin, lungs, and other viscera, with minimal signs of
inflammation, are classically observed (Grimbacher et al.
1999a) and demonstrated radiographically in our
patients. Abscesses are classified as “cold” abscesses

with the absence of erythema and warmth, owing to
lack of inflammatory response (Hill et al. 1974).
Another manifestation of an abnormal inflammatory
response observed in these patients is the lack of signif-
icant fever or inflammatory markers during infections
(Heimall et al. 2010). Patients may present with chronic
mucocutaneous candidiasis in addition to bacterial
infections (Grimbacher et al. 1999a). Reactivation of
Varicella-zoster virus, as shown in patient 3, and infre-
quently opportunistic infections have been described
including Pneumocystis jiroveci (Freeman et al. 2006;
Garty et al. 2010), Cryptococcus (Jacobs et al. 1984),
and Histoplamosis (Hutto et al. 1988). In addition to
infections of the skin, infants present with an eczema-
tous rash with a skin biopsy demonstrating a predomi-
nance of eosinophilic infiltration (Olaiwan et al. 2011).

Figure 10: STAT3 NM 139276.2 mutation c.[1397A>G] resulting in amino acid change p.[Asn466Ser].

Figure 11: STAT3 with major domains labeled with boundary amino acids identified. Disease associated mutation lie within
the DNA binding domain.
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All 4 of our patients had a description of an eczematous
rash early in childhood. Skeletal abnormalities include
craniosyntosis (Hoger et al. 1985), fractures with mini-
mal trauma, osteopenia, hyperextensible joints, and sco-
liosis, as visualized in the imaging for patient 2
(Grimbacher et al. 1999a). Patients have higher rates
of vascular abnormalities including hypertension,
aneurysms involving coronary and cerebral vessels,
and vasculitis (Freeman et al. 2007a, 2011). Additional
central nervous system abnormalities described include
focal hyperintensities, Chiari 1 malformations, and
lacunar infarcts (Freeman et al. 2007a). Defects of the
immune system also lead to higher rates of malignancy,
in particular non-Hodgkin’s lymphoma (Leonard et al.
2004). It was due to this increased risk of malignancy
that patient 4 was referred for further evaluation.
Patients with HIES have distinct facial features that
become more pronounced with age, particularly after
puberty. Features include a prominent forehead, deep-
set wide-spaced eyes, broad nasal bridge with wide fle-
shy nasal tip, coarse appearing skin, and a high arched
palate (Grimbacher et al. 1999a). Delayed shedding of
primary teeth leading to double rows of teeth is a unique
finding in this patient population (Grimbacher et al.
1999a). All 4 of the patients described had the charac-
teristic facial features that developed over time in addi-
tion to the delayed shedding of primary teeth.

A scoring system combining clinical and laboratory
findings has been developed to aid in the diagnosis of
HIES (Grimbacher et al. 1999b). The most common
laboratory findings include an elevation in IgE, with
the majority of cases over 2000 IU/mL, and eosinophilia
(Grimbacher et al. 1999b). The characteristic elevation
in IgE is felt to be an association rather than a contribu-
tion to the pathogenesis of HIES. It has been suggested
that a defect in the IL-21 receptor signalling results in
the elevated IgE levels observed in HIES (Ozaki et al.
2002). Some patients have humoral defects with poor
specific antibody production to protein and polysac-
charide immunizations (Avery et al. 2010) and reduced
memory B cells (Speckmann et al. 2008). Patient 3 had
an initial unprotective tetanus titer that responded to
repeat vaccination. Additional immune evaluation
abnormalities include impaired production of IL-17
(Milner et al. 2008) and decreased central memory
CD4 and CD8 cells (Siegel et al. 2011).

Management of STAT3-associated HIES is largely
supportive, with aggressive treatment of infections and pre-
vention of infections.Daily prophylactic sulfamethoxazole–
trimethoprim is required to prevent staphylococcal

infections. As demonstrated in patient 1, discontinuation
of prophylactic antibiotics can lead to significant infec-
tions. Antifungal prophylaxis may be used in the case
of chronic mucocutaneous candidiasis and pulmonary
fungal colonization. Immunomodulating agents such as
recombinant human IFN-gamma for severe infections
(King et al. 1989) and omalizumab (Chularojanamontri
et al. 2009) for skin lesions have been attempted
with variable success. A subgroup of patients requires
intravenous immunoglobulin replacement owing to
poor specific antibody response. Skin care involves the
use of topical glucocorticosteroids to inflamed areas
and bleach baths to control staphylococcal colonization.
Pulmonary infections and resulting complications
including pulmonary hemorrhage followed by lym-
phoma are the leading causes of mortality (Freeman et al.
2007b).

In conclusion, we documented multiple infectious
and noninfectious features associated with STAT3
mutations. Patients presenting with recurrent Staphylo-
coccal infections including lung infections, abscesses of
skin and organs, pneumatoceles, mucocutaneous candi-
diasis, and eczematous rash with associated elevated IgE
should be investigated for STAT3 mutation. Detailed
radiographic images aid in the diagnosis and manage-
ment of patients with STAT3-associated HIES.
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