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We report a family with five of six siblings
(including identical male twins) with a novel
constellation of immunologic and neurologic
impairments. Affected subjects experienced
severe dermatitis starting around 9 months
of age, Stevens–Johnson syndrome in early
childhood, and extreme elevations of IgE
(9,400–43,000 IU/ml). The oldest sibling died
at age 27 of respiratory failure following
recurrent, severe pneumonias. All four sur-
viving affected siblings have had chronic
sinusitis or otitis, cutaneous vasculitis, and
recurrent bacterial pneumonias leading to
bronchiectasis. Neurologic features in all
five siblings included oral motor deficits,
dysarthria, low average IQ (70–80), and
essential myoclonus. Four had documented
ataxia and/or mild sensory loss with incre-
ased patellar but diminished ankle reflexes.
The nonconsanguineous parents and one
sibling had none of the above findings, con-
sistent with autosomal recessive inheri-
tance. This primary immunodeficiency with
distinctive neurological impairments repre-
sents a new syndrome.
Published 2003 Wiley-Liss, Inc.y
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INTRODUCTION

Recurrent infections, defined as>6 upper respiratory
infections per year in children [Finocchi et al., 2002;
Chatila, 2003], result from unclassified primary
immune deficiencies in a small but significant propor-
tion of patients. Even though laboratory abnormalities
may be present, patients may not fit into a described
clinical disorder. In patients with immune dysfunction,
neurologic symptoms may arise secondary to autoim-
munity, dysregulated inflammation, or infection of the
central nervous system; however, primary neurologic
disorders are uncommon. We describe a family whose
affected members had recurrent respiratory and skin
infections and elevated IgE levels. The presence of
extremely elevated IgE levels and recurrent infections
initially led to evaluation for hyper IgE syndrome (HIES
or Job syndrome). However, affected members of this
family hadmanifestations atypical for HIES: cutaneous
vasculitis, hypocholesterolemia, and neurologic abnor-
malities including cognitive impairment, myoclonus,
anddysarthria. This constellationof features represents
a syndrome not previously identified.

FAMILY HISTORY

The pedigree of this family is illustrated in Figure 1.
Other than the affected individuals in generation III,
no one had frequent infections, dermatitis, respiratory
failure, vasculitis, or myoclonus. Patient III-2 and
the nonconsanguineous parents of Irish, English, and
American–Indian descent were determined to be unaf-
fected by history and examination.

CLINICAL REPORTS

The relevant immunologic and infectious features,
neurologic features, and other abnormalities are sum-
marized in Tables I, II, and III, respectively.
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Patient III-1

The eldest daughter died at the age of 27, prior to our
evaluation of the family. Her parents’ report and
hospital records indicate that she died of respiratory
failure following more than 10 episodes of pneumonia.
She had extensive bronchiectasis, pulmonary hyper-
tension, cor pulmonale, and a supplemental oxygen
requirement for the last 7 years of her life. Early in
childhood she had Stevens–Johnson syndrome (SJS),
severe and chronic dermatitis, chronic sinusitis, and
otitis. An alpha-1-antitrypsin level was normal, and
mutation testing for cystic fibrosis was negative. She
had an elevated serum IgA at 597 mg/dl (normal range
51–375 mg/dl), with an increased IgG to 2,340 mg/dl
(523–1,482 mg/dl; Table I). Serum IgE levels were not
recorded. According to her parents, myoclonic jerks
interferedwith her ability towalk and could cause her to
fall off a chair while seated; further neurologic findings
were not documented. An autopsy was not performed.

Patient III-3

This 26-year-oldmanhad a history of SJS at 3 years of
age, severe dermatitis, chronic otitismedia and externa,
conductive hearing loss, and cutaneous vasculitis of
the lower extremities. Physical examination showed a
narrowed right palpebral fissure, sagittal midline
lingual cleft with prominent circumvallate papillae,
high arched palate, and bilateral single palmar creases.
He had bilateral thickened tympanic membranes and
purulent auditory canal drainage. The skin of his lower
extremitieswasdarkened andhada redmaculopapular,
nonblanching rash with areas of purpura (Fig. 2A).
Laboratory evaluation was remarkable for a serum IgE
of 10,498 IU/ml (normal <150 IU/ml) with an elevated
IgA at 594 mg/dl. Cultures of his auditory canals
grew Pseudomonas aeruginosa and Proteus mirabilis.
Computed tomography (CT) scans of his chest showed
right middle lobe bronchiectasis, which was stable over

2 years of NIH follow-up. Radiologic examination
showed spinal thoracic scoliosis of 30 degrees. Pulmon-
ary function tests showed obstructive lung disease with
an FEV-1 of 71% predicted. Echocardiogram showed
mild tricuspid and mitral regurgitation. Rheumatologic
evaluation for autoimmune causes of vasculitis was
negative. Biopsy of his vasculitic skin lesions showed
leukocytoclastic vasculitis (Fig. 2B). Neurologic evalua-
tion revealed myoclonus, ataxia, and loss of light touch
and temperature sensation in the right upper and lower
extremities. Speech and cognitive evaluations showed
mildly disarthric speech, generalized tongue weakness,
and an IQ of 76. Magnetic resonance imaging (MRI)
of the brain was normal. An electroencephalogram
(EEG) demonstrated abnormal background slowing in
the theta and alpha frequencies without epileptiform
features, consistent with generalized cerebral dysfunc-
tion. Low total cholesterol (98 mg/dl) and triglycerides
(43 mg/dl) were noted.

Patient III-4

This 23-year-old woman was the most severely
affected living sibling. She had suffered over 20 episodes
of pneumonia with resulting respiratory compromise
and clubbing of the digits. She had experienced SJS at
9 months of age, lower extremity vasculitis, chronic
sinusitis, chronic otitis media and externa, and mild
dermatitis. On physical examination she had enlarged
papillae at themidline of the tongue, high arched palate,
bilateral purulent auditory canal drainage, and skin
changes consistent with atopic dermatitis. She had
diffuse rales and rhonchi, with oxygen saturation levels
as lowas 88%on roomair.Her lower extremities showed
scattered purpura and genu valgum. Laboratory eva-
luation showed serum IgE of 35,544 IU/ml and IgA of
1,790 mg/dl. Cultures of her auditory canals grew
Pseudomonas aeruginosa and Proteus mirabilis. Pseu-
domonas aeruginosawas also present in sputum, and at

Fig. 1. Pedigree depicting affected members of the reported family (filled symbols).
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one NIH visit she was treated for Group A streptococcus
pneumonia. Immunophenotyping showed normal num-
bers and distribution of lymphocytes with the exception
of CD8þ T cells (20.8% or 212 K/ml; normal >25.2%
and >344, respectively). Pneumococcal titers asses-
sed >1 year post-immunization were within protective
range. Mutation studies for cystic fibrosis were nega-
tive, and an alpha-1-antitrypsin was normal. Chest CT
showed extensive bronchiectasis with active inflamma-
tion and extensive scarring (Fig. 3). Pulmonary function
showed a restrictive pattern (FEV-1, 47% of predicted;
FVC, 47% of predicted; TLC, 72% of predicted). Electro-
cardiogram and echocardiogram were normal. Neurolo-
gic evaluation found mild conductive hearing loss,
myoclonus, diminished vibratory perception in her feet,
and decreased ankle tendon reflexes. She had mild
dysarthria and generalized tongue weakness. MRI of
the brain showed a single small lesion anterior to the
left frontal horn consistent with an old infarct. Electro-
physiological evaluation found giant somatosensory
evoked potentials consistent with cortical myoclonus.
Total serum cholesterol was 128 mg/dl, with a serum
triglyceride level of 50 mg/dl.

Patient III-5

At 9 months of age, this 19-year-old-male twin had
had SJS. He continued to suffer from cutaneous vascu-
litis, dermatitis, and chronic otitis media and externa.
Additionally, he had a history of chronic duodenitis and
epididymal cysts. Physical examination was notable for
a narrowed right palpebral fissure, median rhomboid
glossitis with a central lingual fissure, high arched
palate, bilateral clinodactyly of the 2nd and 5th fingers,
and broad thumbs and great toes. His lower extremities
showed diffuse purpura, genu valgum, and pes valgus.
He had bilateral auditory canal drainage with positive
cultures for Pseudomonas aeruginosa and Stenotropho-
monas maltophilia. Multiple IgE measurements were
>40,000IU/mlwithIgAelevated to1,040mg/dl (Table I).
Chest CT and an echocardiogram were normal. He had
conductive and sensorineural hearing loss, myoclonus,
distal sensory loss, limb and gait ataxia, hypometric
saccadic eye movements, poor vocal articulation with
unilateral tongue weakness, impaired oral-motor func-
tion, and an IQ of 80. An MRI of the brain was normal.
Total serum cholesterol was 113 mg/dl, with serum
triglycerides of 67 mg/dl. A high-resolution peripheral
blood karyotype analysis was normal (46,XY), and
fluorescence in situ hybridization (FISH) detected no
deletion of chromosome 22q11.

Patient III-6

The second twin was shown to be genotypically
identical to III-5 (AmpFlSTR COfiler Kit, Applied
Biosystems). He had experienced SJS within a month
of his brother; he also had dermatitis, chronic otitis
media and externa, lower extremity vasculitis, and
chronic severe cervical adenopathy with benign plas-
macytoid changes on biopsy. He had repeated episodes
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of bacterial parotitis and esophageal stenosis that
required dilatation. Physical examination was signifi-
cant for a narrowed right palpebral fissure, prominent
lips, high arched palate, long fingers with ulnar

deviation, long nail beds, and broad great toes. He had
skin changes consistent with atopic dermatitis. At his
initialNIHexaminationhehad right parotid tenderness
and swelling with cervical adenopathy. He had bilateral
purulent auditory canal drainage with positive cultures
for Pseudomonas aeruginosa and Proteus mirabilis.
An aspirate culture of his right parotid grew Staphy-
loccocus aureus. Serum IgE measurements were over
36,000 IU/ml with an elevated IgA of 1,210mg/dl. Chest
CT showed bronchiectasis of the right middle lobe.
An echocardiogram showed normal findings. Neurologic
findings included myoclonus, mild gait ataxia, and con-
ductive hearing loss. Speech and cognitive evaluations
found flaccid dysarthria with dysarticulation, general-
ized and severe tongueweakness, and an IQ of 72. Brain
MRI was normal. His serum cholesterol was 112 mg/dl
and serum triglyceride level was 47 mg/dl.

For all affected patients, growth parameters and
craniofacial measurements were within normal ranges,
and retained primary teeth and typical facial features
of HIES were absent. Determinations of complement,
copper and ceruloplasmin, urine organic acids, urine
amino acids, and plasma amino acids were all normal.
Antinuclear antibodies (ANA), anti-DNA, ENA, anti-
neutrophil cytoplasmic antibodies (ANCA), and cryoglo-
bulinswere negative in the two affected familymembers
tested. Rheumatoid factor was negative (<20) for
Patient III-3 but present at 1:88 in Patient III-5.
Alpha-1-antitrypsin results were normal in the two
affected siblings tested. Patient serum was tested for
antibodies to hepatitis A, B, and C viruses with only
anti-HCV positive in Patient III-4. The unaffected
parents and sibling were of normal intelligence and
did not have frequent infections or any of the neurolo-
gical, skeletal, lingual, or cutaneous findings seen in the
affected siblings.

DISCUSSION

The consistent juxtaposition of several unusual
immunologic and neurologic abnormalities in these
siblings represents a previously undescribed syndrome.
We propose to name it immunodeficiency–vasculitis–
myoclonus syndrome (IVM). Affected subjects have
recurrent infections, markedly elevated IgE levels, and
mildly elevated levels of IgG and IgA, atopic dermatitis,
cutaneous vasculitis, and non-progressive neurologic
dysfunction including cortical myoclonus, peripheral
neuropathy, ataxia, dysarthria with tongue weakness,

TABLE III. Other Features of IVM

III-1 III-3 III-4 III-5 III-6

Clinical findings
Midline tongue anomaly Unknown Yes Yes Yes No
Scoliosis (degrees of curvature) Unknown Yes (30) Yes (26) No Yes (37)
Anomalies of the extremeties Unknown Single palmar creases,

broad nails
None Broad thumbs,

broad great toes
Broad great toes

Laboratory date
Serum lipid profile [mg/dL] Unknown
Total cholesterol (100–200) 98 128 113 1,112
Triglycerides (10–140) 43 50 62 47
LDL (65–129) 49 63

Fig. 2. A: Vasculitis on the lower leg of Patient III-3. B: Biopsy of the
vasculitis from Patient III-3 demonstrating leukocytoclastic vasculitis with
destruction of small vessel walls, extravasation of red cells, and infiltration
of vessel walls by neutrophils, lymphocytes, eosinophils, nuclear dust and
hemosiderin.
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and cognitive impairment. No described syndromes
unite these aspects of immunodeficiency and neurologic
dysfunction.

This syndrome has features of several other immune
disorders, including HIES, complement deficiency,
combined variable immune deficiency (CVID), and
autoimmunity. HIES (MIM no. 147060), first describ-
ed by Davis et al. [1966] and Buckley et al. [1972], is a
triad of cutaneous ‘‘cold abscesses,’’ cyst-forming pneu-
monias and extremely elevated serum IgE. It is now
recognized as a multisystem disease with both immune
and somatic manifestations that can be inherited as an
autosomal dominant disorderwith variable expressivity
[Davis et al., 1966; Buckley et al., 1972; Borges et al.,
1998; Grimbacher et al., 1999a]. Infections in HIES
are most often due to Staphylococcus aureus and are
remarkable for the paucity of signs of inflammation.
Somatic manifestations of HIES include frequent
fractures, osteopenia, hyperextensible joints, scoliosis,
high arched palate, retained primary teeth, and char-
acteristic facial features with increased nasal width.
The family described here did not display typical
features of HIES with the exception of high IgE levels,
pneumonia, and scoliosis. Whether the elevated anti-
body levels in our patients are due to chronic antigen
stimulation or other causes is not clear. An autosomal
recessive variant of HIES has also been described
without lung cysts or skeletal findings, but with viral
infections and CNS vasculitis [Renner et al., 2003].

CVID (MIM no. 240500) typically involves recurrent
sinopulmonary infections, bronchiectasis, and familial
clustering in up to 20% of cases [Spickett, 2001].
However, the hallmark of CVID, low immunoglobulin
levels, was absent in this family. Complement deficien-
cies may produce recurrent pneumonia and vasculitis,
typically of small vessels. C3 deficiency (MIM no.
120700) presents early in life with recurrent, severe
infections and vasculitic rashes in 25% of patients

[Sullivan and Winkelstein, 1999]. C4 deficiency (MIM
no. 120810, 120820) may present with predominantly
cutaneous features or as repeated bacterial infections.
However, both C3 and C4 levels were normal in our
patients.

Among the immunologic causes for vasculitis are
the autoimmune disorders Churg–Strauss disease, an
allergic angiitis and granulomatosis, and hypersensi-
tivity vasculitides. Although the eosinophilia of Churg–
Strauss disease was present in our patients, the skin
biopsies demonstrated leukocytoclastic rather than
granulomatous vasculitis. Hypersensitivity vasculitis
involves the small vessels and most characteristically
affects the skin, with leukocytoclasis. Hypersensitivity
vasculitis may also be secondary to other diseases
such as chronic active hepatitis, congenital defici-
encies of complement components, systemic lupus
erythematosus (associated with ANA), deficiency of
alpha-1-antitrypsin, cryoglobulinemia, and Wegener’s
granulomatosis (associated with ANCA) [Habif, 1996].
These conditions were ruled out in our family.

Theneurologic signs sharedbyall theaffected siblings
included lifelong cognitive impairment, dysarthria with
tongue weakness, and myoclonus. Mild sensory loss,
diminished Achilles tendon reflexes, and mild gait
ataxia with or without limb ataxia were found in three
of the four siblings examined. The myoclonic jerks in all
subjects were first noted in childhood and frequent,
multifocal, andnot stimulus-sensitive. Themild sensory
loss and diminished reflexeswere consistentwith amild
peripheral neuropathy. Individual subjects also had
additional isolated signs as shown in Table II. The
neurologic disorder does not appear by history or serial
examination to be progressive. This particular com-
bination of neurologic signs does not localize to a single
area of the nervous system nor resemble a recognized
myoclonic syndrome.

Myoclonus is a movement disorder characterized by
brief, shock-like muscle jerks. Cortical myoclonus, as
found in this family, can arise as an isolated symptom
(as in familial essential myoclonus), in conjunction with
other neurologic signs (as in the myoclonic epilepsies),
or secondary to a wide range of endocrine or meta-
bolic abnormalities, neurologic insults, or brain injury
[Goetz, 1999]. None of the siblings had epilepsy, hyper-
thyroidism, hyponatremia, or hypoglycemia, nor expo-
sure to medications such as valproate, antidepressants,
or stimulants. There was no renal or liver failure, brain
tumor or history of brain trauma. AlthoughPatient III-4
had a small lacunar stroke on MRI, scans in the other
three were normal. Heavy metal screen, copper and
ceruloplasmin, and plasma and urine amino acid
and organic acid analyses were negative or normal.
Enzymopathies (sialidoses, lipidoses, lysosomal stor-
age diseases, Wilson disease), degenerative diseases
(Parkinson disease, Huntington disease), and CNS
infections (Creutzfeldt–Jacob, Whipple disease) have
myoclonus along with other neurologic signs and a
progressive course.

Cognitive impairment can be associated with cytoge-
netic abnormalities alone or in association with recog-
nized syndromes. A patient with HIES plus retardation

Fig. 3. Computed tomography (CT) of the chest from Patient III-4
demonstrating extensive bronchiectasis and air/fluid levels (arrow).
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and autism had a marker ring chromosome from an
interstitial deletion of chromosome 4q [Grimbacher
et al., 1999b]. Immune deficiency with cognitive impair-
ment occurs in DiGeorge velocardiofacial syndrome
caused by del 22q11 [Jawad et al., 2001]. A karyotypic
andFISHanalysis of peripheral blood fromPatient III-4
showed no deletion of chromosome 22 or any other
cytogenetically detectable chromosomal abnormality
[Boeck et al., 1999, 2001].

Low cholesterol has been associated with malforma-
tion syndromes, cognitive impairment, and immune
compromise. Hypocholesterolemia may be present in
Smith–Lemli–Opitz syndrome (SLOS,MIMno. 270400)
or Zellweger syndrome (MIM no. 214100). SLOS is an
autosomal recessive condition with multiple malforma-
tions, mental retardation, and growth failure, due to
reduced activity of 7-dehydrocholesterol reductase
(DHCR7), the final enzyme in the cholesterol biosyn-
thetic pathway. Patients with SLOS have low choles-
terol and high concentrations of its direct precursor,
7-dehydrocholesterol, in plasma and tissues. Zellweger
or cerebrohepatorenal syndrome is a peroxisome bio-
genesis disorder with craniofacial malformations, hypo-
tonia and hepatomegaly. Both of these disorders are
associated with severe mental retardation, seizures,
earlymortality, and physical characteristics not present
in our family. Low cholesterol has also been reported to
be associated with increased mortality in the elderly,
some cancers [Song et al., 2000] and intracerebral
hemorrhage [Segal et al., 1999]. Muldoon et al. [1997]
found low lymphocyte and T cell numbers in men with
total cholesterol levels of 151 mg/dl or lower. While
the cholesterol levels in our patients were low, their
lymphocyte counts were normal.

Early diagnosis and a comprehensive program of
antibiotic prophylaxis and aggressive treatment of
infections could help those affected with IVM to have a
longer and healthier life. Identification of the molecular
genetic basis in this novel syndrome would enhance
understanding of pathways linking immunity and
cognition.
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