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Increased Prevalence of Immunoglobulin A Deficiency in
Patients with the Chromosome 22q11.2 Deletion Syndrome
(DiGeorge Syndrome/Velocardiofacial Syndrome)
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We wished to determine the prevalence of immunoglobulin A (IgA) deficiency in patients with the chromosome 22q11.2 deletion syndrome. A total of 32 patients with the chromosome 22q11.2 deletion were examined
for IgA deficiency. We report a 13% (n 5 4) prevalence of IgA deficiency in patients with this syndrome. The
odds ratio of IgA deficiency in this population is 14.20 (P < 0.0001). This confirms the occurrence of significant
humoral deficits in this predominantly cellular immunodeficiency.
cyte subset enumeration, lymphocyte function assays, quantitative Ig determinations, and assessment of ability to make
functional antibodies. IgA levels in serum were determined by
nephelometry. The lowest detectable IgA level varied, but was
between 6 and 8 mg/dl. We therefore defined IgA deficiency as
an IgA level in serum of less than 10 mg/dl in patients older
than 2 years of age, which is comparable to standard textbook
definitions of IgA deficiency (2, 7, 13). We defined developmental delay as an intelligence quotient less than 80. The
intelligence quotient was estimated by using the Bayley Scales
of Infant Development, 2nd ed., the Wexler Preschool and Primary Scales of Intelligence—Revised, or the Wexler Intelligence
Scale for Children III, depending on age. We defined cardiac
defects as any structural abnormality involving the cardiovascular system, including truncus arteriosus, tetralogy of fallot,
atrial septal defects, interrupted aortic arch, ventricular septal
defects, vascular rings, and patent ductus arteriosus. We defined hypocalcemia as a sustained level of calcium in serum of
less than 7.5 mg/dl occurring more than 48 h from any operative procedure and requiring calcium supplementation. We
defined palatal abnormalities as any palate defect, including
palatal insufficiency, cleft palate, submucous cleft palate, and
bifid uvula. Based on normative data (16), we set levels of IgG
in serum of 553 mg/dl and IgM in serum of 35 mg/dl as the
lower limits of normal. Based on normative data from ComansBitter et al. (6), we set an absolute CD4 count of 900 and an
absolute CD8 count of 400 as the lower limits of normal.
This study used a cross-sectional design. The odds ratio of
IgA deficiency in the study population was calculated by using
the approximation of Katz, and the P value was determined
with Fisher’s exact test. Patients ranged in age from 24 months
to 29.5 years (mean age, 6 years; median age, 3.6 years). A total
of 16 of 32 (50%) patients were male; 28 of 32 (87%) were
Caucasian. None of the patients had macroscopic deletions,
and .90% of the chromosome 22q11.2 deletion syndrome
patients seen at our institution have the identical 2.5-Mbp
deletion (9).
Cellular and humoral immune evaluations were performed
for patients identified with the chromosome 22q11.2 deletion.
A total of 4 of 32 (13%) patients had IgA levels in serum of less
than 10 mg/dl. One 8-year-old had an IgA level of ,6 mg/dl,
one 2-year-old had an IgA level of ,6 mg/dl, one 3-year-old

Hemizygous deletion of chromosome 22q11.2 is associated
with DiGeorge syndrome, velocardiofacial syndrome, and
conotruncal anomaly face syndrome (8, 12). The prevalence of
the 22q11.2 deletion syndrome in the general population has
been estimated to range from 1:3,000 to 1:4,000. This syndrome stems from aberrant development of the structures arising from the 3rd and 4th pharyngeal pouches, resulting in
hypoplastic parathyroid glands, conotruncal cardiac defects,
palatal abnormalities, and craniofacial dysmorphism (5). Immunologic characteristics include a hypoplastic thymus, T-cell
lymphopenia, and invariably decreased T-cell function. The
prevalence of immunoglobulin A (IgA) deficiency in this population has not been previously described.
IgA deficiency is the most common primary immunodeficiency, with a prevalence ranging from 0.03 to 0.3% (4, 10, 15,
22). Patients with IgA deficiency have an increased risk of
bacterial infections, an increased risk of a variety of autoimmune disorders, and are at increased risk of anaphylaxis from
blood products containing IgA. IgA deficiency results from
impaired B-lymphocyte differentiation into IgA plasma cells
due to either intrinsic B-cell defects or extrinsic T-cell defects
(17). Many cellular immunodeficiencies have secondary humoral defects presumably on the basis of impaired T-cell help.
We hypothesized that patients with the 22q11.2 deletion syndrome might have defective T-cell help retarding B-lymphocyte differentiation into IgA-producing plasma cells. Therefore, we specifically evaluated the prevalence of IgA deficiency
in patients with the chromosome 22q11.2 deletion syndrome.
Patients with developmental delay, palatal abnormalities,
hypocalcemia, or conotruncal cardiac disease at The Children’s
Hospital of Philadelphia were screened for chromosome
22q11.2 deletions by fluorescent in situ hybridization with the
N25 (D22575) probe (Oncor, Gaithersburg, Md.). Patients
identified with the 22q11.2 deletion were then referred for an
immunologic evaluation. These data reflect immunologic evaluations of 32 patients over 2 years of age seen from May 1989
to April 1997. The immunologic evaluation included lympho* Corresponding author. Mailing address: Division of Immunologic
and Infectious Diseases, The Children’s Hospital of Philadelphia, 34th
St. and Civic Center Blvd., Philadelphia, PA 19104. Phone: (215)
590-4685. Fax: (215) 590-3044. E-mail: sullivak@mail.med.upenn.edu.
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TABLE 2. Relationship of IgA deficiency to other features
associated with the chromosome 22q11.2 deletion syndromea
Phenotypic feature

Developmental delay
Cardiac defects
Hypocalcemiab
Palatal abnormalities
a
b

had an IgA level of ,6 mg/dl, and one 8-year-old had an IgA
level of ,8 mg/dl. All but one of these studies were repeated
a minimum of 6 months later, and the results were found to be
stable over time. None of the patients were receiving medication known to affect IgA levels. Two of the IgA-deficient patients had juvenile rheumatoid arthritis, one patient had
chronic sinusitis, and one patient had a history of chronic otitis
media but had improved by 8 years of age. An additional three
patients had IgA levels below the normal range, and five patients had levels exceeding the normal range (Fig. 1). A community survey study of 3,212 Americans with a threshold level
of IgA of ,10 mg/dl demonstrated a prevalence of 0.10% in
the general population (3). The 13% prevalence of IgA deficiency we report in our study population is substantially higher
than the national prevalence. The odds ratio of IgA deficiency
in our chromosome 22q11.2 deletion syndrome population is
14.2 (4.7 to 42.8) with P , 0.0001 (with the survey mentioned
above used for comparison).
We examined whether IgA deficiency occurred more frequently in patients with other types of immunologic deficits.
There was no association between IgA deficiency and any
other laboratory assessment of cellular or humoral immune
function (Table 1). Although it is likely that the IgA deficiency
seen in this population is due to impaired T-cell help, we were
TABLE 1. Immunologic analyses of patients with the chromosome
22q11.2 deletion syndromea
Immunologic parameter

CD4, ,900 cells/mm3
CD8, ,400 cells/mm3
Phytohemagglutinin,
,50% of control
IgG in serum, ,553 mg/dl
IgM in serum, ,35 mg/dl
Nonprotective tetanus or
diphtheria titerb
a
b

No. (%) of patients with IgA
level/no. tested

P value

,10 mg/dl

.10 mg/dl

1/4 (25)
1/4 (25)
0/4 (0)

10/28 (36)
11/28 (39)
6/28 (21)

1.00
1.00
0.57

0/4 (0)
0/4 (0)
0/3 (0)

3/28 (11)
2/28 (7)
1/24 (4)

1.00
1.00
1.00

Some patients have more than one finding.
Studies were not performed for every patient.

,10 mg/dl

.10 mg/dl

2/4 (50)
2/4 (50)
1/4 (25)
3/4 (75)

10/14 (71)
14/28 (50)
13/27 (48)
13/28 (46)

P value

0.57
1.40
0.61
0.60

Most patients have more than one feature.
Studies not performed for every patient.

not able to identify any T-cell correlates with the IgA deficiency. This could reflect the nonspecific nature of the T-cell
laboratory studies or failure to perform the tests during some
critical developmental window. We also examined the relationship of IgA deficiency to other phenotypic characteristics associated with the 22q11.2 deletion syndrome. There was no
association found between IgA deficiency and either developmental delay, conotruncal cardiac defects, hypocalcemia, and
palatal abnormalities (Table 2).
The chromosome 22q11.2 deletion syndrome is typically associated with various combinations of developmental delay,
palatal abnormalities, conotruncal heart defects, hypocalcemia, and deficient cellular immunity (5, 19). Aberrant T-cell
function in other immunodeficiencies may be associated with
secondary humoral deficits; therefore, we sought to establish
the prevalence of IgA deficiency in our chromosome 22q11.2
deletion syndrome population. IgA deficiency is the most prevalent immune deficiency recognized in general, occurring in
0.03 to 0.3% of the population (4, 15, 22). In our patient
population with the chromosome 22q11.2 deletion syndrome,
we report a 13% prevalence of IgA deficiency (odds ratio,
14.20; P , 0.0001). It has been previously noted that patients
with DiGeorge syndrome may occasionally have decreased IgA
levels (2), and another study of 13 patients with the chromosome 22q11.2 deletion syndrome found a mildly delayed acquisition of protective titers to immunization in 3 patients and
transiently low levels of IgG in 2 patients. No patients in this
series were IgA deficient (11). There are also two case reports
of patients with different chromosome 22 anomalies (monosomy 22 and ring 22) associated with IgA deficiency (14, 20).
These studies suggest that humoral deficits may be more common in the chromosome 22q11.2 deletion syndrome than previously appreciated. The association of IgA deficiency and the
chromosome 22q11.2 deletion syndrome is clinically relevant,
because patients with both the chromosome 22q11.2 deletion
syndrome and IgA deficiency may have unique management
considerations.
The 22q11.2 deletion syndrome results from a hemizygous
chromosome deletion at position 22q11.2. Over 90% of patients carry an identical deletion in spite of widely varied phenotypic manifestations (9, 19). Management issues may include
frequent surgical procedures for cardiac lesions, palatal defects, tympanostomy tubes, and sinusitis. Reflecting the immunodeficiency, recurrent upper respiratory infections are common, and there is an increased prevalence of autoimmune
disease (18, 19). These problems are also common in patients
with IgA deficiency. Clinical features of IgA deficiency include
recurrent sinopulmonary infections, gastrointestinal infections,
autoimmune diseases, and atopy (2, 13, 17). Management of
IgA deficiency may include antibiotic prophylaxis for recurrent
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FIG. 1. IgA levels in patients with the chromosome 22q11.2 deletion syndrome. The solid lines designate the normal range (16).

No. (%) of patients with IgA
level/no. tested
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bacterial upper respiratory infections and aggressive management of chronic gastrointestinal infections.
Patients with the chromosome 22q11.2 deletion syndrome
and IgA deficiency may have special management issues. Patients with the chromosome 22q11.2 deletion syndrome may
have deficient cellular immunity, which can result in more
severe and prolonged viral infections (1). Patients with IgA
deficiency lack IgA antibodies directed against pathogens on
mucosal surfaces, and they may be more susceptible to bacterial superinfection.
Patients with IgA deficiency are also at increased risk of
anaphylaxis from IgA-containing blood products (21). The
conotruncal heart defects and palate defects commonly associated with this syndrome frequently require surgical repair.
Surgery increases the possibility that these patients may require blood transfusions. Patients with IgA deficiency can develop anti-IgA antibodies following transfusion with IgA-containing blood products. Subsequent transfusions with IgAcontaining blood products may result in anaphylaxis. In IgAdeficient individuals, it possible to assess risk of anaphylaxis by
screening for anti-IgA antibodies prior to surgery.
This is the first report of increased prevalence of IgA deficiency in patients with the chromosome 22q11.2 deletion syndrome. This association may be important clinically. This subgroup of patients may be prone to more frequent and severe
viral infections with associated secondary bacterial superinfections. Screening of patients with the chromosome 22q11.2 deletion syndrome for IgA deficiency is diagnostically important
and relevant to the medical management of this patient population.
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