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Abstract We report the development and spontaneous
resolution of annular erythematous skin lesions consistent
with sarcoid dermatitis in a child with DiGeorge syndrome
(DGS) carrying the 22q11.2 microdeletion. The skin lesion
developed after she was treated with isoniazid (INH)
following exposure to active tuberculosis (TB). After
resolution of the skin lesions, this child developed sterile
hyperplastic osteomyelitis consistent with SAPHO (syno-
vitis, acne, pustulosis, hyperostosis, and osteitis) osteomy-
elitis in her right mandible triggered by an odontogenic
infection. This child had congenital heart disease, dysmor-
phic facies, recurrent sinopulmonary infection, gastro-
esophgeal reflux disease, scoliosis, reactive periostitis, and
developmental delay. She had a low CD4 and CD8 T cell
count with a normal 4/8 ratio, but normal cell proliferation
and T cell cytokine production in response to mitogens.
When she was presented with sterile osteomyelitis of right

mandible, she revealed polyclonal hypergammaglobuline-
mia with elevated erythrocyte sedimentation rate (ESR)/
angiotensin converting enzyme (ACE) levels, but negative
CRP. Autoimmune and sarcoidosis workup was negative.
Inflammatory parameters gradually normalized following
resolution of odontogenic infection and with the use of
non-steroidal anti-inflammatory drugs (NSAIDs). The
broad clinical spectrum of DGS is further expanded with
the development of autoimmune and inflammatory com-
plications later in life. This case suggests that patients with
the DGS can present with unusual sterile inflammatory
lesions triggered by environmental factors, further broad-
ening the clinical spectrum of this syndrome.

Keywords DiGeorge syndrome . 22q11.2 deletion .
Sarcoidosis . Sterile osteomyelitis . Immunodeficiency

Abbreviations ACE: Agiotensin converting enzyme .
CRP: C reactive protein . DGS: DiGeorge syndrome . ESR:
Erythrocyte sedimentation rate . NSAIDS: Nonsteroidal
anti-inflammatory drugs . PPD: Purified protein
derivative . SAPHO: (Synovitis, acne, pustulosis,
hyperostosis, and osteitis) . TB: Tuberculosis

Introduction

The most common features reported in patients with
DiGeorge syndrome (DGS) are cardiac malformations,
speech delay, and immunodeficiency secondary to thymic
hypoplasia [26]. Although complete DGS patients suffer
from severe T cell deficiency which requires thymic
transplant [16, 17], in most DGS patients immunodefi-
ciency is not fatal and may improve with age [3, 11, 22].
However, these patients appear to be still predisposed to
complications commonly seen in patients with T cell
dysfunction, including autoimmunity [11]. While about 9%
of patients with DGS are reported to suffer from autoim-
mune conditions [2, 11, 15, 21], no specific autoimmune
disease is associated with this syndrome. Instead, T cell
dysfunction associated with DGS appears to increase the

H. Jyonouchi (*) . H. Aguila
Division of Pulmonary, Allergy/Immunology, and
Infectious Diseases, Department of Pediatrics,
University of Medicine and Dentistry of New Jersey
(UMDNJ)-New Jersey Medical School,
185 South Orange Ave., F570A, MSB,
Newark, NJ 07101-1709, USA
e-mail: jyanouha@umdnj.edu

K. W. Lien
Division of Allergy/Immunology, Department of Medicine,
UMDNJ-New Jersey Medical School,
Newark, NJ, USA

G. G. Spinnato
Department of Oral and Maxillofacial Surgery,
UMDNJ-New Jersey Medical School,
Newark, NJ, USA

S. Sabharwal
Department of Orthopedics,
UMDNJ-New Jersey Medical school,
Newark, NJ, USA

B. A. Pletcher
Center for Human and Molecular Genetics,
Department of Pediatrics, UMDNJ-New Jersey Dental School,
Newark, NJ, USA



risk of autoimmunity. That is, DSG patients are likely to
develop dysregulated inflammatory responses to various
environmental stimuli secondary to T cell dysfunction,
which could evolve into autoimmune diseases. We describe
here the development of transient skin lesions consistent
with sarcoid dermatitis following exposure to tuberculosis
(TB)/ isoniazid (INH) treatment and SAPHO (Synovitis,
acne, pustulosis, hyperostosis, and osteitis) osteomyelitis
triggered by odontogenic infection in a child with DGS.

Case report

A 12-year-old African-American girl presented to the
Pediatric Allergy and Immunology Clinic for evaluation of
possible sarcoidosis with concurrent SAPHO osteomyelitis
of her right mandible. She also complained of bilateral
ankle and knee joint aches without synovitis. At her initial
visit, positive physical findings included a significantly
swollen right proximal mandible along with right mandib-
ular hypertrophy. Facial dysmorphism typical for DGS was
apparent, including a prominent nasal root and small
palpebras. She was also noted to have small hands and
tapered fingers. She is developmentally delayed, with a
major delay in speech.

Her past medical history is significant for multiple
illnesses since infancy. She had a congenital heart defect
(Tetralogy of Fallot), and the first surgical repair at 1 year
of age was complicated by cardiac arrest, failure to thrive
requiring gastric tube feeding, and other complications.
The second surgery was performed at age 2 years without
an event. She also had a gastroesophageal reflux disease
requiring Nissen fundoplication at age 2 years. Immuno-
deficiency was indicated by numerous sino-pulmonary
infection and frequent Staphylococcal skin infection (cel-
lulitis and impetigo) in her infancy and early childhood.
However, sino-pulmonary infection has become less
frequent over the past 2–3 years, and no skin infection
has been documented after 5 years of age. She also suffers
from asthma, with sinusitis being a major trigger. At age 9
years she was diagnosed with seizure disorder secondary to
grand mal seizures and electroencephalogram (EEG)-
documented epileptiform activity; she had seizures with
normal serum Ca levels and has been treated with valproic
acid. She also suffers from scoliosis in the form of 33° right
angle thoraco-lumber (T10–L2) scoliosis, requiring a
brace.

In addition to these clinical features commonly seen in
DGS patients, she also has developed sterile skin and bone
lesions during the recent 3 years. At age 9 years, she had a
positive reactivity to a purified protein derivative (PPD)
with a negative chest X-ray. She was likely exposed to
active TB through her father, who was diagnosed with
AIDS. She was treated with INH for 9 months. Following
TB treatment, annular erythematous skin lesions developed
on her left leg. These lesions were histologically consistent
with sarcoid dermatitis (Fig. 1). Her skin lesions resolved
spontaneously without treatment over the next few months.
She also developed recurrent biopsy-proven reactive

periostitis localized to the left tibia during 10–11 years of
age. These lesions occurred adjacent to the location of the
previous sarcoid-like skin lesions. At age 12 years, she
developed right mandibular swelling triggered by dental
abscesses. She underwent root canal procedures, and the
biopsy specimen revealed sterile hypertrophic osteomyeli-
tis (SAPHO osteomyelitis) [24].

Her family history is significant for a father who died of
AIDS and a mother who was diagnosed with breast cancer.
HIV ELISA was non-reactive in both the patient and her
mother. The patient has a typically growing, healthy older
sister.

The results of the initial immune workup were significant
for polyclonal hypergammaglobulinemia and elevated
erythrocyte sedimentation rate (ESR: IgG, 2640 [normal
range (N): 691–1618]; IgA, 667 (N: 70–380); IgM, 102 (N:
60–265); IgE, 129 (N: 0–200); ESR, 40 (N: 0–20). She was
negative for rheumatoid factor, ANA, lupus anti-coagulant,
and anti-cardiolipin antibodies, with normal coagulation
studies on several occasions giving persistently negative
C reactive protein (CRP). An immune workup also revealed
low CD4 and CD8 T cell numbers: CD8+ T cells, 212 (N:
262–1066); CD4+ T cells, 516 (N: 689–1566); CD19+

B cells, 635 (N: 90–543); CD16+CD56+ natural killer cells,
511 (N: 102–582). Fluorescence in situ hybridization
(FISH) analysis revealed monosomic deletion of chromo-
some 22q11.2, thereby confirming the diagnosis of DGS.
Her peripheral blood mononuclear cells (PBMCs) revealed
normal proliferative responses and the production of T cell
cytokines (IFN-γ and IL-5) in response to T cell mitogens
(concanavalin A and phytohemagglutinin). However, her
PBMCs produced a greater than normal range of tumor
necrosis factor-α (TNF-α), interleukin (IL)-6, and IL-1β
with lipopolysaccharide (LPS; endotoxin) even when cells
were obtained while she was free from acute inflammation
(Fig. 2). The methodologies of cytokine production assays
are described elsewhere [12, 13].

The Workup for systemic sarcoidosis was negative with
a normal Ga scan, negative 24-h urine Ca, negative serum
TNF-α, persistently normal serum Ca levels, normal chest
computed tomography (CT), and slightly elevated angio-
tensin-converting enzyme (ACE) levels in the serum (100,

Fig. 1 Histology of skin punch biopsy specimen from the patient’s
left leg (HE staining). Findings were consistent with sarcoid
dermatitis. Periodic acid Schiff (PAS), Gomori’s methanamine
silver (GMS), and acid fast stains were negative for organisms
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with N: 6–89). Given the negative workup for sarcoidosis
and evidence of persistent sterile inflammation, we elected
to treat her with nonsteroidal anti-inflammatory drugs
(NSAIDs). Her knee joint ache and facial swelling almost
resolved 1 month after this treatment, but her left knee
arthralgia recurred when NSAIDs were discontinued. Her
ESR, Ig levels, and ACE levels were all normalized over a
6- to 12-month period of time after starting the NSAIDs
treatment. She has developed transient thrombocytopenia
(70,000/mm3) following acute sinusitis, but her platelet
count normalized within 4 weeks after resolution of the
sinusitis.

Discussion

DGS patients are generally characterized by at least three
out of four features: congenital heart defect, facial
dysmorphism, hypocalcemia, and evidence of thymic
hypoplasia [26]. Most DGS patients have monosomic
deletions of chromosome 22q11.2 [21, 27], which is one of
the most common chromosomal disorders, occurring in 1
of 3000–6000 children [7, 10, 20, 25]. Due to variable
degrees of thymic hypoplasia, DGS patients present a wide
variety of clinical symptoms associated with T cell
dysfunction. The patient described here presents clinical
features not previously described in DGS (sarcoid derma-
titis and SAPHO osteomyelitis), further widening clinical
spectrum of this syndrome.

Sarcoidosis, a granulomatous disease, is thought to be a
product of aberrant immune inflammatory responses to
environmental factors (most likely microbes) in a person
with a genetic predisposition. Indirect evidence suggests a
role of microorganisms as a source of antigenic stimuli in
development of sarcoidosis in genetically susceptible
individuals [8]. Key cellular players in sarcoid inflamma-
tion include type 1 T (Th1) cells and macrophages with an
increase in the production of Th1 cytokines [IL-2 and
interferon-γ (IFN-γ)] and inflammatory cytokines pro-
duced by macrophage-monocyte lineage cells (IL-1,
TNF-α, IL-12, IL-18, various chemokines) [29].

Not surprisingly, sarcoid-like granulomatous lesions are
frequently reported in patients with T cell dysfunction,
secondary to aberrant inflammatory responses associated
with T cell dysfunction. For example, HIV patients and
patients with common variable immunodeficiency (CVID)
are known to present with a variety of sterile inflammatory
and/or autoimmune conditions, paradoxically requiring
treatments with immunomodulating or immunosuppressive
agents [5, 6, 28]. Both HIVand CVID patients can develop
granulomatous diseases [18], and their histological find-
ings are often consistent with sarcoidosis [9, 14, 19].

However, sarcoidosis or sarcoid-like lesions have not
been described in DGS. This might be partly attributed to
atypical clinical manifestations as observed in our patient
who developed a sarcoid-like skin lesion on the left leg
following TB treatment with INH. The patient had positive
PPD reactivity (>10 mm) with a negative chest X-ray,
indicating that she has intact delayed type T cell reactivity
as opposed to negative PPD reactivity typically seen in
sarcoidosis patients. During the same period, she also
developed reactive periostitis in the bone adjacent to the
skin lesion. These findings indicate that TB exposure and/
or INH treatment may have triggered aberrant granuloma-
tous inflammation in the skin and possibly in the bone due
to T cell dysfunction associated with DGS.

A year later, she developed sterile hyperplastic osteo-
myelitis of the right mandible triggered by an odontogenic
infection, revealing hypergammaglobulinemia, elevated
ESR, and slightly elevated ACE levels. Histological
findings are consistent with Garré or SAPHO osteomyelitis
[1, 23, 24]. In her case, these bony changes are also likely
to be associated with aberrant inflammatory responses
triggered by the odontogenic infection. Non-pus producing
hyper-proliferative bony lesions might suggest a role of
T cells in the pathogenesis, since T cells responding to
localized antigenic stimuli can trigger such bone inflam-
mation. The presented case also revealed unusual clinical
features, including persistent painful swelling of the right
mandible and prolonged elevation of inflammatory param-
eters, even after successful periodontal surgery. Her
excellent responses to NSIADS indicate that her condition
may be consistent with chronic recurrent multifocal
osteomyelitis [4] or SAPHO syndrome [1, 24]. However,
her clinical features lack skin manifestation (acne, pustu-
losis, and psoriasis), joint symptoms (arthritis or synovitis),
or multifocal osteitis or osteomyelitis.

It is of note that her monocyte lineage cells produced
excessive amounts of proinflammatory cytokines with
LPS, a surrogate stimulant of innate immunity, although
her cells revealed normal T cell cytokine production with
mitogens. We may speculate that repeated microbial
stimuli led to over-activation of her innate immune cells
secondary to T cell immunodeficiency associated with
DGS, thereby contributing to her unusual clinical features.

In summary, the presented case illustrates unusual
inflammatory responses in a DGS patient with monosomic
deletion of chromosome 22q11.2, further broadening the
clinical spectrum of immunodeficiency associated with this
syndrome.
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Fig. 2 TNF-α, IL-6, and IL-1β production by PBMCs obtained
from this patient. PBMCs were stimulated with lipopolysaccharide
(0.1 μg/ml) overnight, and cytokine levels in the supernatant were
measured [11, 12]. Reference values were obtained from 12 normal
control children (Median age: 8.3 years). Y-axis scale: nanograms
per milliliter for TNF-α;and IL-1β; ×10 nanograms per milliliter for
IL-6
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