
depleted with CD341 selection by using Isolex (Nexell
Therapeutics, Irvine, Calif). Initially, he received 10 3

106/kg CD341 cells and 1.9 3 104/kg CD31 cells. He
was boosted 7 months later because of neutropenia with
2.2 3 106/kg CD341 cells and 2.5 3 103/kg CD31 cells.
There was no graft-versus-host disease (GVHD; see Fig
E2 in the Online Repository at www.jacionline.org for
engraftment timeline).

A bone marrow aspirate and biopsy, performed 6
months after transplantation, showed normocellular-for-
age marrow with granulocytic hypoplasia and increased
numbers of maturing lymphocytes (Fig 1, right).

Twenty months after transplantation, our patient had a
white blood cell count of 5800 cells/mL, with an ANC of
928 cells/mL and an absolute lymphocyte count of 4698
cells/mL. Cell-surface markers showed a CD31 count of
4252 cells/mL, a CD31/CD41 count of 2560 cells/mL, a
CD31/CD81 count of 1466 cells/mL, a CD32/CD161/
CD561 count of 287 cells/mL, a CD45RA1 count of
2039 cells/mL, and a CD45RO1 count of 324 cells/mL.
There was normal lymphocyte proliferation in response to
mitogens at 20 months after transplantation (see Table
E1 in the Online Repository at www.jacionline.org). Intra-
venous immune globulin was discontinued 20 months af-
ter transplantation. The results of hearing studies have
been normal.

This case illustrates several important features of RD
that differentiate it from other forms of SCID. Our patient
presented at 5 days of life, and his initial blood work
showed profound leukopenia with severe lymphopenia
and neutropenia, which are consistent with previously
described cases of RD. He did not have thrombocytopenia
or deafness.

As with all forms of SCID, RD is treated with hema-
topoietic stem cell transplantation. Patients with RD
appear to do better with more intensive conditioning
before transplantation. We have reviewed the literature
specifically mentioning regimens and outcomes for RD
(Table I).4-10 Patients who received conditioning, specifi-
cally with busulfan (16 mg/kg) and cyclophosphamide,
had better engraftment and survival than patients who
did not. Unrelated cord blood or haploidentical transplan-
tation has been successful. Because RD is so rare and its
presentation is earlier than that of other forms of SCID,
differentiating RD from other causes of neutropenia and
SCID is crucial so that more aggressive conditioning be-
fore bone marrow transplantation can be instituted. This
case adds to the small number of published reports regard-
ing the treatment and outcomes of RD and further supports
the use of myeloablative pretransplantation conditioning
for the treatment of RD.
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Complete DiGeorge syndrome associated
with CHD7 mutation

To the Editor:
DiGeorge syndrome is an etiologically heterogeneous

developmental field defect of the third and fourth pharyn-
geal pouches, resulting in thymic absence or hypoplasia,
cardiac defects, and hypocalcemia. The estimated inci-
dence is 1 in 3000 to 4000 live births.1 The term complete
DiGeorge describes patients with the clinical syndrome,
profound T-cell deficiency, and lack of proliferative re-
sponse to mitogens.2 It is estimated that 1 of 200 to 250 pa-
tients with DiGeorge syndrome has complete DiGeorge
syndrome (CDGS). Prompt diagnosis of CDGS is critical
because T-cell reconstitution by thymic or bone marrow
transplantation is required for patients to survive. Genetic
evaluation can be performed to confirm DiGeorge syn-
drome diagnosis. To date, microdeletions of chromosome
22q11.2 are the only known genetic defects found in
CDGS that account for approximately half of patients.2

Here we report the first case of the chromodomain-
helicase-DNA-binding protein 7 (CHD7) mutation in an

http://www.jacionline.org
http://www.jacionline.org
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infant who presented with overlapping phenotypes of
CDGS and CHARGE (coloboma of the eye, heart defects,
atresia of the choanae, retardation of growth and/or devel-
opment, genital and/or urinary abnormalities, and ear
abnormalities and deafness) syndrome. The clinical defini-
tion of CHARGE has evolved with time. The criteria pro-
posed by Blake et al3 were recently updated by Verloes,4

stressing the importance of the 3C triad (coloboma, choa-
nal atresia, abnormal semicircular canals), arhinencephaly,
and rhombencephalic dysfunction. CHARGE syndrome
results from a dysblastogenetic and dysneurulative process
and could result in disturbed neural crest development.5

The estimated incidence is 1 in 10,000 to 15,000 live
births. The CHD7 mutation was identified in 71% of pa-
tients in a study of 24 children clinically diagnosed with
CHARGE syndrome.6 No genotype phenotype correla-
tions were noted.7 Characterization of the phenotypic
spectrum of CHARGE syndrome continues to be modi-
fied. Delahaye et al8 described significant intrafamilial
and interfamilial variability in the clinical spectrum of
CHARGE syndrome. Patients with overlapping CDGS
and CHARGE syndrome rarely have 22q11.2 microdele-
tion and generally have a worse prognosis.9

A white girl was born via spontaneous vaginal delivery
at 35 5/7 weeks gestation because of preterm labor to a
23-year-old mother. Birth weight was 2440 g, and Apgar
scores were 1 and 7. The pregnancy was complicated by
polyhydramnios and a prenatal diagnosis of esophageal
atresia. Maternal depression was treated with sertraline.
Born flaccid with gasping respirations, the girl was intu-
bated and later diagnosed with tracheoesophageal fistula
with esophageal atresia (type B) and tracheomalacia. Tra-
cheostomy was performed at 2 months of age. Echocardi-
ogram revealed atrial septal defect, ventricular septal
defect, and patent ductus arteriosus with pulmonary
hypertension. During cardiac repair, a small amount of
thymic tissue was noted and excised. She developed
hypocalcemia secondary to hypoparathyroidism and was
treated with calcium carbonate and vitamin D. Multiple
transfusions with irradiated packed red blood cells were
given because of intraoperative blood loss. Infectious
workup was negative. After preliminary immune

FIG 1. Sequence analysis of genomic DNA at the CHD7 locus. Our

patient carries a 7941_7942insTG 2-bp insertion, resulting in a

frameshift of the sequence and creation of a premature stop codon

19 amino acids downstream of the mutation. Both sense and anti-

sense strands were sequenced. Top, Control patient. Bottom, Se-

quence of our patient revealing the abnormal truncated CHD7

protein thought to be the cause of her phenotype. Courtesy of

the University of Chicago Genetic Services Laboratory.
evaluation revealed severe T-cell lymphopenia, she was
placed in reverse isolation. Renal ultrasound revealed
cross-fused ectopia of the right kidney. Vision and hearing
screen revealed diminished hearing and bilateral chorio-
retinal colobomas. Physical examination findings met
the criteria for diagnosis of CHARGE syndrome. Immu-
nologic evaluation at 2 months of age revealed white
blood cells 11,500 cells/mm3 with 36% lymphocytes (ab-
solute lymphocyte count, 4190), 48% neutrophils, 12%
monocytes, and 2% eosinophils; hemoglobin 9.7 g/dL;
platelets, 765 cells/mm3; undetectable CD31, CD41,
and CD81 lymphocytes; CD191, 2672/mm3 (600-
3000); and CD561, 612/mm3 (100-1300). Immunoglobu-
lins were normal for age. Lymphocyte transformation to
mitogens was markedly low (less than 103 background).
Additional tests included natural killer cell function, aden-
osine deaminase, and purine nucleoside phosphorylase,
which were all normal. Karyotype revealed normal XX
female with negative microarray analysis for 22q11.2
and 10p13-14 deletions. Sequencing of the CHD7 gene
(8q12.1) revealed a 2-bp insertion mutation resulting in
a frameshift and premature stop codon (Fig 1).

The patient in this report has clinical and immunologic
features consistent with CDGS described by Markert
et al,10,11 which include abnormal facial features, cardiac
defects, hypocalcemia, and profound T-cell deficiency.
In 1997, five patients with overlapping DiGeorge syn-
drome and CHARGE phenotype without 22q11.2 and
10p13-14 deletions were first reported.9 More recently,
11 of 44 patients with CDGS who underwent thymic trans-
plantation at Duke University had clinically diagnosed
CHARGE syndrome.2 CHD7 mutation analysis was not
performed in these children.

Identifying underlying genetic defects in patients with
CDGS is crucial for accurate diagnosis, appropriate
treatment, and genetic counseling. On the basis of this
report, CHD7 mutation can be associated with CDGS, and
we recommend children with CDGS and evidence of
CHARGE phenotype as well as those who do not meet
the classic clinical criteria of CHARGE syndrome be eval-
uated for the CHD7 mutation. Although CHARGE syn-
drome is associated with the life-threatening condition
of CDGS, milder immunodeficiencies characterized by
T-cell lymphopenia, impaired T-cell function, poor anti-
body response to polysaccharide antigens, and IgG sub-
class 2 deficiency have also been reported in children
with CHARGE syndrome.12 In light of this, evaluating
for immunodeficiency may be indicated in children who
have CHARGE syndrome.

We conclude that the CHD7 mutation can be associated
with CDGS and recommend that subjects with CDGS and
CHARGE phenotype as well as children with CDGS who
do not meet classical clinical criteria for CHARGE syn-
drome undergo analysis for genetic defects to include
evaluation of CHD7 gene. In addition, because milder im-
munodeficiency states have been found in children associ-
ated with CHARGE syndrome, immunologic evaluation
may be considered in subjects with or without the presence
of CHD7 mutation.



environments, particularly in homes of subjects with asthma
sensitized to this allergen.1-4 However, little is known about
the relation of sensitization to mouse allergen to asthma
morbidity in adults with asthma outside the occupational
laboratory setting. In this study, we evaluated whether sen-
sitization to mouse allergen is a cause of morbidity in
women with asthma from a range of socioeconomic back-
grounds from a large metropolitan area in the United States.

This study involved women who were screened for par-
ticipation in the Epidemiology of Home Allergens and
Asthma Study, which has previously been described in
detail5-7 (see this article’s Online Repository at www.
jacionline.org). This analysis includes 853 women for
whom serum IgE to mouse allergen was measured. The
study was approved by the Human Research Committee
of the Brigham and Women’s Hospital. Information on
race was determined from the woman’s response to ques-
tions asking her in which ethnic or racial groups she would
classify herself (white, black, Hispanic, Asian, or other) as
previously described5 (see this article’s Online Repository
at www.jacionline.org). Other demographic and socioeco-
nomic variables were obtained from screening question-
naires and have been previously described.7

A serum sample drawn at screening was analyzed for
total IgE and IgE specific to a panel of allergens using
the UNICAP system (Pharmacia, Uppsala, Sweden).7

Furthermore, sera were assayed for IgE to mouse urinary
allergen (Pharmacia ImmunoCAP e88) and to recombi-
nant Mus m 1 (Mus musculus) using the streptavidin tech-
nique.8 Results for recombinant Mus m 1 showed a strong
quantitative correlation with IgE antibody to mouse aller-
gen (r 5 0.92; P < .001). We defined sensitization to each
allergen as CAP class level 1 or above (�0.35 IU/mL).

Each woman was asked detailed questions regarding
her current and past history of respiratory disease, as
previously described.9 In the screening questionnaire,
women were asked, ‘‘Has a doctor ever said that you
have asthma?’’ These women were asked questions re-
garding asthma morbidity in the past 12 months. A bout
of asthma lasting 1 week or more was defined as ‘‘pro-
longed illness,’’ treatment in a hospital emergency room
(ER) for asthma was defined as ‘‘use of a hospital ER,’’
use of an oral steroid for asthma exacerbation was defined
as ‘‘use of steroid,’’ and having wheezing or whistling in
the absence of a cold (upper respiratory viral infection)
was defined as ‘‘wheeze without a cold.’’ A positive re-
sponse to any of the above defined asthma morbidity indi-
cators (‘‘prolonged illness,’’ ‘‘use of hospital ER,’’ ‘‘use
of steroid,’’ and ‘‘wheeze without a cold’’) was defined
as ‘‘overall asthma morbidity.’’

The univariable analysis was conducted using x2 for cat-
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Sensitization to mouse allergen and asthma
and asthma morbidity among women in
Boston

To the Editor:
Recent studies have shown that mouse allergen is prev-

alent and potentially important in both urban and suburban

egorical variables and 2-tailed t tests for pairs of continuous
and categorical variables. Multivariable models were cre-
ated by using stepwise logistic regression while adjusting
for potential confounders and examining interactions. For
the interaction between mouse allergen sensitization and
race, we dichotomized the data into those who were white
and non-Hispanic versus black or Hispanic. The interaction
between race and asthma and asthma morbidity was
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