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Decreased CD27� Memory B cells in 
DiGeorge Anomaly
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ABSTRACT

Patients with DiGeorge anomaly (DGA) have a variety of B-cell immune deficiencies, in-
cluding IgA deficiency and impaired polysaccharide antibody responses. CD27� memory B
cells have been found to be decreased in a variety of B-cell immunodeficiencies, such as se-
lective antibody deficiency (SAD). We evaluated for a correlation between reduced CD27�
memory B cells and impaired polysaccharide antibody responses in patients with DGA. A
retrospective analysis of DGA patients referred for recurrent sinopulmonary infections was
performed. Twenty-one patients with DGA (62% male and median age was 5 � 0.8 years)
were evaluated. Six patients had reduced CD3� T cells, and two patients had reduced CD4�
T cells, but none had opportunistic infections. B-cell numbers and percentages were normal
in all patients, but the percentages of memory CD27� B cells were decreased compared to
normal values, 12 � 2% versus 34%. CD27� B cells were �15% in 86% of patients. Eighty-
one percent of patients had reduced protective antibody responses to �70% of Streptococ-
cus pneumoniae serotypes. Immunoglobulin levels were normal in all patients except one
with selective IgA deficiency. Seventy-five percent of the patients had both decreased CD27�
B cells and decreased antibody responses to S. pneumoniae immunizations. In addition, pa-
tients who were treated with intravenous immunoglobulin (IVIG), had CD19� B cells �7%,
and 12 of 14 patients treated with prophylactic antibiotics had CD19� B cells �14%. There
was an association of anti-S. pneumonia antibody responses and percentages of CD27� B
cells in 86% of patients. The percentages of CD27� memory B cells and antibody responses
to S. pneumoniae were associated in patients with DGA. Decreased memory B cells may be
involved in the pathogenesis of SAD, as seen in patients with DGA, and may be predictive
of increased susceptibility to infections.

INTRODUCTION

DIGEORGE ANOMALY (DGA) is considered a field defect of the third and fourth pharyngeal pouches that
occurs in the first trimester of fetal development and affects facial, parathyroid, aortic arch, and thymic

structures.1–4 This leads to the clinical syndrome of unusual facies, hypocalcemia, conotruncal cardiac anom-
alies, and congenital T-cell immunodeficiency. In addition, speech and development abnormalities frequently
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occur in patients with DGA. Most patients with DGA anomaly have a heterozygous microdeletion of chro-
mosome 22.q11.2. Recent studies have suggested that TBX1 is the gene defect that results in DGA.5

Thymic aplasia leads to profound T-cell immunodeficiency, complete DGA.1 Fortunately, most patients
with DGA have some to normal thymic tissue and sufficient T cells to protect against opportunistic infec-
tions.4,6,7 More commonly, patients with DGA have recurrent otitis media and sinusitis.7 Anatomic and
physiologic reasons related to velopharyngeal insufficiency may account for this increased susceptibility.
B-cell numbers, serum IgG, IgA, and IgM levels, and antibody function are typically normal in DGA; al-
though there is increased frequency of IgA deficiency and functional antibody responses, especially to bac-
terial polysaccharide antigens, are frequently impaired in patients with DGA who have recurrent sinopul-
monary infections.7–12 As a potential mechanism, Haire et al.13 reported that in DGA patients with recurrent
infections, B-cell repertoire and diversity were decreased due to decreased T-cell help.

Recently, investigators have reported that CD27� memory B cells are reduced in a variety of B-cell im-
munodeficiencies, including common variable immunodeficiency (CVID), hyper-IgM syndromes (HIGM),
and selective antibody deficiency (SAD).14–17 Because SAD frequently occurs in patients with DGA, we
examined whether there was an association of reduced CD27� memory B cells and impaired antibody re-
sponses to pneumococcal polysaccharide antigens in patients with DGA.

MATERIALS AND METHODS

Patient population

This is a retrospective analysis of patients with DiGeorge anomaly who were referred to the Pediatric
Allergy and Immunology Clinic at St. Louis University Health Sciences Center for evaluation of recurrent
sinopulmonary infections. All children received standard childhood immunizations, as well as unconjugated
Streptococcus pneumoniae (Pneumovax®) immunizations.

Immunologic studies

T, NK, and B cell enumeration studies were performed on whole blood as previously described in the
Pathology Laboratory by cytofluorographic analyses.18 The CD27� subpopulation is expressed as the per-
centage of gated CD19� B cells. In this study, we examined total CD27� B cells, which in adults repre-
sent 25% to 45% of B cells,19,20 and defined decreased CD27� B cells as �15% of CD19� B cells. Serum
IgG, IgA, and IgM quantification was performed by the Clinical Laboratory in the Department of Pathol-
ogy using nephelometry.18 Antidiphtheria and antitetanus antibody titers were measured by Quest Labora-
tories. S. pneumoniae antibody concentrations to 12 or 14 serotypes were measured at Quest Laboratories.
We defined a normal response to unconjugated S. pneumoniae immunization as an antibody level of �2.0
�g/mL to �70% of the serotypes tested, as recommended by Bonilla et al.21 In previous studies, we de-
fined normal anti-S. pneumoniae antibody responses �50% of serotypes; in addition, we observed that pa-
tients with more severe infections and were treated with intravenous immunoglobulin (IVIG) had protec-
tive antibody responses to �25% of the serotypes.18 Landesman et al.22 and Douglas et al.23 demonstrated
that by 12 to 17 months of age protective levels of antibody were produced to 11 of 12 pneumococcal
serotypes and by 2 years of age all serotypes induced protective levels. We did not choose to use a �4-
fold rise in antibody titer following vaccination because this standard has not been as well studied, and in
our experience the presence of a protective antibody level (in the absence of a �4-fold postvaccination rise
in antibody titer) is not associated with an increased risk of infection. All antibody studies were performed
prior to initiation of IVIG therapy.

Statistics

Multiple linear regressions were performed on CD27� B cells and percentages of protective antibody
responses to S. pneumoniae serotypes.
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RESULTS

Patient characteristics

As seen in Table 1, there were 21 patients with DGA. All patients were identified to have a heterozy-
gous 22q11.2 microdeletion. The median age was 5 � 0.8 years old, and there were 13 males and 8 fe-
males. A variety of cardiac anomalies were present in 67% of the patients, including tetralogy of Fallot
(three patients), ventricular septal defect (four patients), interrupted aortic arch (one patient), pulmonary
atresia (one patient), anomalous pulmonary venous return (one patient), and patent foramen ovale (one pa-
tient). Hypoparathyroidism and treatment for hypocalcemia was present in only 19% of the patients. Speech
delay and speech therapy were present in 76% of the patients, and varying severity of developmental de-
lay was present in 62%. Recurrent sinopulmonary infections were frequent in these patients, consisting pri-
marily of sinusitis in 48%, otitis media in 62%, and pneumonia in 24%. The susceptibility to recurrent in-
fections was managed predominantly by prophylactic antibiotics in 67% of the patients, and by IVIG
treatments in 14% of the patients.

T-cell immunity

As seen in Table 2, CD3� T-cell numbers and percentages were normal in the majority of patients. Six
patients had reduced CD3� T cells, 356, 683, 1,012, 1,075, 1,285, and 1,334 CD3� cells/mm3; however,
none of the patients had opportunistic infections. In the majority of patients, the percentages and numbers
of CD4� T cells were normal, but were decreased in two patients, 308 and 472 CD4� cells/mm3. Fur-
thermore, naive CD4�CD45RA� T cells were also reduced in a minority of patients.

B-cell immunity

The numbers of B cells were normal in patients with DGA, 892 � 141 cells/mm3. However, the per-
centages of CD27� B cells were reduced compared to published adult normal levels,24,25 12 � 2% versus
34% (range 20–45%), and CD27� B cells were �15% in 18 patients (86%). Serum IgG, IgA, and IgM
levels were normal in all of the patients, except for one patient with selective IgA deficiency (Table 2).
Functional antibody responses to protein antigens were normal in all of the patients to diphtheria toxoid,
80% of patients to tetanus toxoid, and in 80% of patients to Hemophilus influenzae type B immunizations.

We stratified the antibody responses to S. pneumoniae serotypes into quartiles of positive antibody responses
to 0–25% of serotypes, 26–50% of serotypes, 51–75% of serotypes, and 76–100% of serotypes. Nineteen per-
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TABLE 1. CLINICAL CHARACTERISTICS OF PATIENTS WITH DIGEORGE ANOMALY

Percent of patients
Characteristic (21)

Age, yrs 5 � 0.8
Male/female, % 62/38
22q11.2 microdeletion, % 100
Cardiac disease, % 67
Hypocalcemia, % 19
Speech delay, % 76
Developmental delay, % 62
Recurrent infections, %

Sinusitis 48
Otitis media 62
Pneumonia 24

Prophylactic antibiotics, % 67
IVIG, % 14

DGA, DiGeorge anomaly; IVIG, intravenous immunoglobulin. Data presented
as Mean � SE for age and percentage of patients.



cent of patients with DGA produced protective antibody responses to �70% of the serotypes; whereas 81%
of patients had reduced antibody responses to �70% of the serotypes (Fig. 1). When CD27� B cells per-
centages (absolute numbers of CD27� B cells were similar) and S. pneumoniae antibody responses were cor-
related, 16 patients (75%) had both decreased antibody responses to S. pneumoniae to �70% of serotypes and
decreased CD27� B cells �15%, and 2 patients (10%) had both normal percentages of CD27� B cells and
antibody responses to S. pneumoniae (Fig. 1). On the other hand, two patients (10%) had decreased CD27�
B cells but normal antibody responses to S. pneumoniae, and one patient (5%) had normal CD27� B cells
but decreased S. pneumoniae antibody responses. However, multiple linear regression was not significant (R2 �
0.082). Thus, in 86% of the patients there was an association of anti-S. pneumoniae responses and percent-
ages of CD27� B cells. Three patients who were treated with IVIG had CD27� B cells of 1, 4.3, and 7%,
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TABLE 2. IMMUNOLOGIC FINDINGS IN PATIENTS WITH DIGEORGE ANOMALY

Patient Normal for age
Study (21) 2–5 years old

ALC 3,514 � 353 2,700–11,900
CD3 cells/mm3 1,864 � 224 1,400–8,0000

(6)
CD4 cells/mm3 1,158 � 154 900–5,500

(2)
CD8 cells/mm3 658 � 76 400–2,300

(0)
CD19 cells/mm3 892 � 141 600–3,100

(0)
CD56 cells/mm3 488 � 83 100–1,400

(0)
CD4�CD45RA�, % 74 � 4 63–910

(2)
CD4�CD45RO�, % 55 � 4 7–20
CD19�CD27�, % 12 � 2 34 (25–45)b

(18)
IgG, mg/dL 828 � 56 508–1,359

(1)
IgA, mg/dL 147 � 37 21–129

(1)
IgM, mg/dL 92 � 13 31–126

(0)
IgE, IU/dL 19 � 4 9–69
antidiphtheria toxoid, �g/mL 1.0 � 0.3 �0.05

(0)
anti-tetanus toxoid, �g/mL 2.6 � 0.5 �0.50

(4)
anti-HiB, mcg/ml 4.3 � 0.9 �1.00

(4)
anti-S. pneumoniae antibody responsesc

0–25% of serotypes 33%
26–50% of serotypes 38%
51–75% of serotypes 10%
76–100% of serotypes 19%

Data presented as mean � SE. In parenthesis, number of patients with decreased levels.
aFrom Comans-Bitter et al.37 and bBrouet et al.19

cPercentage of patients that had protective anti-S. pneumoniae antibody levels to 0–25% of
serotypes, 26–50% of serotypes, 50–75% of serotypes, and 76–100% of serotypes.



and 12 of 14 patients treated with prophylactic antibiotics had CD27� B cells �14%. Only 2 of 14 patients
treated with prophylactic antibiotics had normal percentages of memory B cells.

DISCUSSION

A variety of immune abnormalities may be present in patients with DGA. Patients with complete DGA
have low percentages of T cells and develop severe infections caused by opportunistic infections. In pa-
tients with partial DGA, the T cell numbers and function vary widely based on the amount of thymic tis-
sue present. Abnormalities in the humoral immune response are seen in about 10–15% of patients with
DGA.4,26 Decreased percentages of CD27� memory B cells have been widely reported in other immun-
odeficiencies,14–16 but only one other study found decreased memory B cells in patients with DGA.27

The majority of patients in this study had normal percentages of T cells. However, 28% of patients had
decreased CD3� T cells, but none of the patients developed opportunistic infections. CD4� T cells and
naive CD4� CD45RA+ T cells were reduced in 9% of our patients. Other studies have also reported de-
creased T cells in patients with DGA. Jawad et al.7 found decreased average T-cell numbers compared with
controls, and Chinen et al.28 found lower median T cells in 45 patients with DGA compared with controls.
Pierdominici et al.29 evaluated 14 patients with 22q11.2 deletion and found that they had decreased CD3�
and CD8� T cells when compared with controls, but there was no significant difference in CD4� T cell
numbers when compared with controls. Three years after the initial study, they found spontaneous im-
provement in all T cell populations, which is in contrast to other studies evaluating T-cell subtypes.7,28

Our patients had normal numbers and percentages of B cells. Immunoglobulin levels were normal ex-
cept in the one patient with selective IgA deficiency. Other studies have also reported normal im-
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FIG. 1. Correlation of CD27� memory B cells and anti-S. pneumoniae antibody responses. In the majority (75%)
of patients, there was an association of decreased CD27� memory B cells and decreased antibody responses to S. pneu-
moniae, and in 10% of patients there were normal CD27� memory B cells and normal antibody responses to S. pneu-
moniae. Multiple linear regression was not significant (R2 � 0.082).



munoglobulin levels in DGA, especially in older subjects.7,30 On the other hand, hypogammaglobulinemia
has been observed,9–12,31 which may be the result of a decreased T helper activity for the production of im-
munoglobulins.11,12

The majority of our patients had reduced pneumococcal antibody responses to S. pneumoniae immuniza-
tions. Selective antibody deficiency to polysaccharide antigens has been previously reported in patients with
DGA.9,10 This antibody deficiency may lead to recurrent sinopulmonary infections in patients with DGA. Haire
et al.13 postulated that T cells play an important role in the generation of diversity within the B-cell repertoire,
as evidenced by reduced IgM VH somatic mutation in one patient with complete DGA, but normal in a patient
with partial DGA. Whether this plays a role in decreased CD27� memory B cells in DGA is unclear.

In our patients, the antibody responses to S. pneumoniae were stratified into quartiles to allow for eval-
uation of correlation between antibody function and CD27� memory B-cell percentages. Unfortunately,
we did not analyze subpopulations of CD27� B cells. CD27� B cells can be further delineated into
IgM+IgD+CD27� (approximately 40% of CD27� B cells), IgM+IgD-CD27� IgM memory (approximately
20% of CD27� B cells), and IgM	IgD	CD27� class-switch B cells (approximately 40% of CD27� B
cells).17 CD27�IgD-switched memory B cells are typically �7%; thus, when CD27� B cells and anti-S.
pneumoniae antibody responses were correlated, we used a conservative value of 15% as normal percent-
ages of CD27� memory B cells. The majority of our patients had reduced antibody titers to S. pneumo-
niae, indicating a selective antibody deficiency. Seventy-five percent of the patients had both decreased an-
tibody titers and decreased CD27� B cells. In contrast, 10% of the patients had both protective responses
to �70% of the serotypes and normal CD27� B cell percentages. Clinically, CD27� B cells were typi-
cally decreased in DGA patients who were treated with either IVIG and/or prophylactic antibiotics. There-
fore, an association between antibody responses to S. pneumoniae and CD27� memory B cells was pre-
sent in most of the patients. While few other studies have reported the incidence of decreased memory B
cells in patients with 22q11.2 deletion, this phenomenon has been well reported in patients with
CVID,16,19,20,32–35 which may help to increase our understanding of this finding in DGA patients.

Decreased memory B cells are common in CVID patients, and the Frieburg classification was developed
to characterize these patients based on numbers of memory B cells.32 Group I includes patients with �0.4%
memory B cells. This group can be further subdivided into group Ia with increased numbers of memory
(CD19�CD21	) B cells and group Ib with normal numbers of memory B cells. Group II includes patients
with normal numbers of memory B cells, and group III consists of patients with a total B cell count of
�1%. This classification of CVID patients has been accepted by other investigators.24,25,32 In an evalua-
tion of patients with CVID, Agematsu et al.16 found that all of these patients had decreased memory B cells.
These investigators also found that Ig V region genes showed no or few changes of nucleotides/amino acids
in patients with low memory B cells.

Alachkar et al.14 evaluated patients with SAD and CVID and found that the median percentages of memory
B cells in these patients were not significantly different than controls, but that patients with splenomegaly,
bronchiectasis, and autoimmune disease had significantly decreased memory B cells. Similarly, Ko et al.36 found
that patients with the least amount of memory B cells have the lowest levels of IgG, decreased vaccine responses,
and higher frequencies of autoimmune and granulomatous disease. These studies indicate that CD19�CD27�
B cell numbers should be monitored in patients with primary antibody deficiencies and normal B-cell counts to
alert the physician that extensive monitoring and treatment may be required to prevent further complications.

One study found that IgM�IgD�CD27� (nonswitched) memory B cells in the tonsils are protective
against pneumococcal infection,17 so decreases in these cells could lead to increased infections. A subset
of CVID patients has been identified with defective activation of TLR9 and low memory B cells.35 An-
other investigator has found that TLR9 is required in the conversion of transitional B cells to IgM memory
B cells, which are important in antibody responses to polysaccharide antigens. These studies indicate that
dysfunctional TLR9 may also lead to abnormal antibody responses to S. pneumoniae and increased pneu-
mococcal infections.

The many studies evaluating memory B cells in SAD and CVID may be helpful in evaluating and manag-
ing patients with DGA. Many patients with DGA have abnormalities in their humoral immune responses. Pa-
tients with DGA and a history of recurrent infections should have a complete B and T cell immune evaluation.
This assessment should include analysis of memory B cell numbers. Based on our findings there was an asso-
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ciation between pneumococcal antibody responses and memory B cells in patients with DGA. In addition, de-
creased memory B cells were also associated with patients who were treated with IVIG and/or prophylactic an-
tibiotics. Unfortunately, we did not examine switched memory B cells, IgD-CD27� B cells, which may be a
better subpopulation of memory B cells to examine for anti-S. pneumoniae antibody responses. In addition, we
did not have age-adjusted normal values of CD27� B cells, which also needs to be determined in future stud-
ies. In conclusion, further studies evaluating CD19�CD27� B cells and subpopulations of memory B cells in
patients with DGA should a provide a better understanding of this immune deficiency.
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