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Abstract
Introduction and objectives: The purpose of this study was to evaluate patients diagnosed with 
22q11.2 deletion syndrome and determine the clues directing to diagnosis and evaluation of 
immunological findings for excellent management of the disease.
Material and methods: Thirty-three pediatric patients with 22q11.2 deletion syndrome diag-
nosed between 1998 and 2019 at Pediatric Immunology Division of Ege University Faculty 
of Medicine and SBU Izmir Dr Behcet Uz Children’s Education and Research Hospital were 
evaluated.
Results: This study includes the largest case series reported from Turkey. Congenital car-
diac anomalies were the most common pathology associated with the syndrome (90.9%). 
Hypocalcemic symptoms were observed in 13 patients (40%). Twenty-two of the 33 (66.6%) 
patients were diagnosed before two years of age. Autoimmune diseases, dysmorphic facial 
findings, recurrent infections, growth retardation, and speech impairment were other clues 
for diagnosis in older patients. Clinical spectrum and immunological abnormalities of this syn-
drome are quite variable. All T-cell subset counts were less than 5th percentile below median 
by age in one patient (3%) and 10 patients had normal all T-cell subset counts (30.3%). Overall, 
69.6% of the patients had normal IgG, IgA, and IgM levels and two patients had panhypogam-
maglobulinemia. Recurrent infections were revealed in 75.7% of the patients during follow-up.
Conclusions: Presence of cardiac anomaly is more helpful in the diagnosis, especially under 
two years of age. Patients with immunologically high or standard risk did not show any differ-
ence in terms of numbers and severity of infections and autoimmunity.
© 2021 Codon Publications. Published by Codon Publications.
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nephelometric technique, and low immunoglobulin levels 
were defined as Standard Deviation (SD) < 2 below the mean 
value of age.5 Lymphocyte immunophenotyping was per-
formed by a flow cytometer using erythrocyte-lysed whole 
blood procedure. The following conjugated monoclonal 
antibodies were used: CD45/CD14 for the establishment of 
an optimal lymphocyte gate, CD3/CD19 for the detection of 
T and B lymphocytes, CD3/CD4 for the detection of helper 
T lymphocytes, CD3/CD8 for the detection of cytotoxic T 
lymphocytes, and CD3/CD16 + 56 to detect natural killer 
cells. Appropriate isotype controls were used to evaluate 
nonspecific staining. For each sample, 10,000 events were 
acquired. Samples were analyzed, and lymphocyte per-
centages were calculated. Cell numbers per cubic millili-
ter of blood were obtained using lymphocyte counts from 
the complete blood count. The patients were regarded as 
having low lymphocyte subset percentage and count when 
their levels were less than the 5th percentile below the 
median by age.6

Statistical analysis was performed using SPSS version 
18.0. Standard statistical descriptions of variables were 
used to characterize the data (mean, median, and range). 
Categorical variables were evaluated by using Chi-square 
test. P < 0.05 was considered statistically significant.

Results

All the 33 patients diagnosed as having DiGeorge syndrome 
in our clinics between 1998 and 2019 were examined. The 
diagnosis was verified by genetic analysis for each patient 
and 22q11.2 deletion was detected in all. Sixteen of the 
patients were girls (48.5%) and 17 were boys (51.5%). Mean 
age at diagnosis was 29.8 ± 39.2 months and median age was 
eight months (range antenatal to 135 months). The patient 
with the lowest age at diagnosis was determined by ante-
natal amniocentesis because of abnormal antenatal cardiac 
sonographic finding. Isolated hypocalcemic convulsion was 
the first clue for the diagnosis of a 135-month-old boy who 
was the oldest patient at the time of diagnosis. Congenital 
cardiac anomaly in 25 patients (75%), isolated hypocalce-
mic convulsions in four patients (12%), and autoimmune 
cytopenia in two patients (6%) were the first diagnostic 
clues suggesting the diagnosis of the 22q11.2 deletion syn-
drome (Table 1). Growth retardation and speech disorder 
were the other major complaints at admission. Twenty-two 
of the 33 (66.6%) patients were diagnosed before two years 
of age. As congenital heart disease and hypocalcemia were 
the most important findings at admission, these were also 
evaluated according to age groups. Although both find-
ings were higher in patients aged less than 2 years than in 
patients aged more than two years, the presence of con-
genital heart disease was statistically significant (P = 0.04) 
(Table 2). In patients aged more than two years in addition 
to congenital heart disease and hypocalcemia, autoimmune 
diseases, dysmorphic facial findings, recurrent infections, 
growth retardation, and speech disorder were also the 
clues for diagnosis.

Five of the patients had preterm labor and five had 
consanguinity. The most frequent pathology determined in 
patients was the cardiac anomaly (90.9%) (Table 3). Thirty 
patients had different pathologies with echocardiographic 

Introduction

22q11.2 deletion syndrome, also known as DiGeorge syn-
drome or velocardiofacial syndrome, is the most common 
chromosome deletion syndrome with an incidence of almost 
1/4000 live births.1 The clinical features are associated with 
the developmental defects in the third and fourth pharyn-
geal pouches. Heart, thymus, and parathyroid glands are 
derived from common primordia during embryonic devel-
opment. The clinical features come in view by influence 
of these structures in varying degrees and there is an evi-
dent phenotypic heterogeneity. Dysmorphic facies (hyper-
telorism, eyelid hooding, low-set ears, bulbous nasal tip, 
short philtrum, a small mouth, and micrognathia), cardiac 
anomalies, pharyngeal dysfunction, hypoparathyroidism, 
and immunodeficiency are the most characteristic fea-
tures. The spectrum of the severity of immunodeficiency 
varies and is associated with the dysfunction due to aplasia 
or hypoplasia of the thymus. As a result, T-cell production 
and maturation may be affected. Less than 0.5% of patients 
have reduced CD3+ T-cell counts (less than 50/mm3) related 
with athymia.2 They are defined as complete DiGeorge syn-
drome. The patients who are defined as partial DiGeorge 
syndrome have mild or moderately low T-cell counts. There 
is no correlation between phenotypic features and the 
severity and frequency of the immunodeficiency.3

The clinical findings and the severity of immunodefi-
ciency may be associated with the deletion size of 22q11.2 
and some other factors, and may vary widely.4 This study 
aimed to analyze the common clinical and immunological 
features of the cases diagnosed with 22q11.2 deletion in 
a group of 33 patients. The authors tried to identify the 
clues leading to the diagnosis, and to review management 
of the disease. Our case series also includes the largest 
number of patients reported from Turkey.

Patients and methods

Thirty-three pediatric patients diagnosed with 22q11.2 
deletion syndrome in Pediatric Immunology Division of Ege 
University Faculty of Medicine and SBU Izmir Dr Behcet Uz 
Children’s Education and Research Hospital between 1998 
and 2019 were evaluated. Medical records were retrospec-
tively examined for each patient. Gender of patients, age 
at diagnosis, family history, diagnostic findings at admis-
sion, neonatal hypocalcemia, cardiac antenatal sonographic 
findings, gestational age, consanguinity, pathological phys-
ical examination findings during follow-up, thymus apla-
sia/hypoplasia, presence of cardiac, palatal, and skeletal, 
endocrinological, neurological, hematological, urinary, and 
gastrointestinal system anomalies, and speech disorders 
were evaluated. Immunological parameters at diagnosis 
and follow-up were recorded. The diagnosis was confirmed 
by demonstration of 22q11.2 deletion by Fluorescence in 
situ hybridization (FISH). The frequency and types of infec-
tions and treatment regimens during the follow-up were 
examined.

All patients were evaluated for complete blood count, 
immunoglobulin levels (IgG, IgA, and IgM), and lympho-
cyte subtypes at the time of diagnosis and follow-up. 
Serum immunoglobulin levels were determined using 
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convulsion was the cardinal symptom of the DiGeorge syn-
drome in four patients aged eight months, nine months, 
eight years, and 11 years. The pathogenesis of autoimmune 
disorders in DiGeorge syndrome is not well known. Four 
of our patients (12.1%) had autoimmune manifestations, 
one patient had only autoimmune thyroiditis, and one 
patient had autoimmune thrombocytopenia. Autoimmune 
pancytopenia was determined in two of the patients. A 
four-year-old girl presented with autoimmune thrombocy-
topenia and in follow-up, she developed subacute chronic 
dermatitis, hemolytic anemia, autoimmune arthritis, and 
thyroiditis. When she was 18 years old, multiple autoim-
mune disorders occurred. Immune suppressive treatment 
and immunoglobulin replacement treatment were given, 
but unfortunately, she died because of resistant inflamma-
tion, sepsis, and multiple organ failure. An eight-month-old 
girl with congenital polymicrogyria, central facial nerve 
paralysis, and left-hemiparesis was admitted to the hospi-
tal due to autoimmune pancytopenia. Because of her dys-
morphic facial findings and severe lymphopenia, FISH test 
was performed and DiGeorge syndrome was diagnosed. 
Immunosuppressive treatments such as corticosteroid, rit-
uximab, and mycophenolate mofetil were used in addition 
to immunoglobulin replacement therapy in patients with 
autoimmune findings.

examination. Congenital cardiopathy was detected during 
routine examination in five patients who were admitted 
with different symptoms and clinical findings. Conotruncal 
(truncus arteriosus, tetralogy of Fallot, and double outlet 
right ventricle) and aortic arch defects were determined 
in 14 patients (42.4%). All patients had characteristic facial 
features associated with 22q11.2 deletion. Thymus was not 
evaluated in eight patients (25%) by radiological investiga-
tions or during cardiac operations.

Hypocalcemic symptoms caused by hypoparathyroidism 
were observed in 13 patients (40%), and 10 of these were 
neonatal hypocalcemia (Table 3). Isolated hypocalcemic 

Table 1  Clues suggesting the diagnosis of 22q11.2 deletion 
syndrome.

Clinical presentation

Age at diagnosis

<2 years 
Total n = 22  
n (%)

≥2 years 
Total 
n = 11  
n (%)

Congenital cardiopathy 8 (24.2) 5 (15.1)
Congenital 

cardiopathy + Neonatal 
hypocalcemia

6 (18.1) –

Congenital 
cardiopathy + perioperative 
thymus agenesis

2 (6.0) –

Congenital cardiopathy + cleft 
palate

3 (9.0) –

Congenital 
cardiopathy + recurrent 
infections

– 1 (3.0)

Isolated hypocalcemic 
seizure

2 (6.0) 2 (6.0)

Autoimmune 
cytopenia + dysmorphic 
facial findings

– 1 (3.0)

Autoimmune Cytopenia +  
Polymicrogyria +  
Lymphopenia +  Central 
facial nerve paralysis

1 (3.0) –

Growth retardation – 1 (3.0) 
Speech disorder – 1 (3.0)

Table 2  Congenital heart disease and hypocalcemia as 
presenting findings according to age groups.

Age at 
diagnosis

Patient presentation 
Hypocalcemia (+) 
Total n = 10 n (%)

Hypocalcemia (−) 
Total n = 23 n (%) P

<2 years 8 (36.4) 14 (63.6) 0.28
≥2 years 2 (18.2) 9 (81.8)

Cardiopathy (+) 
total n = 25

Cardiopathy (−) 
Total n = 8

<2 years 19 (82.6) 3 (13.6) 0.04
≥2 years 6 (54.5) 5 (45.5)

Table 3  Distribution of all clinical findings in patients with 
22q11.2 deletion.

% n

Cardiac defects 90.9 Aortic arch anomalies 5
VSD isolated 5
Tetralogy of Fallot 3
AS desolated 3
Truncus arteriosus 2
Double outlet right 

ventricle
2

Interrupted aortic arch 2
Others 8

Endocrine 
disorders

57.5 Hypoparathyroidism 13
Hypothyroidism 5
Diabetes 1

Speech delay 27.2 9
Palatal anomaly 27.2 Cleft palate/high arch 

palate/bifiduvula
9

Pes equinovarus 4
Skeletal anomaly 24.2 Scoliosis 3

Vertebral fusion defect 1
Urogenital 

abnormalities
15.1 Renal agenesis 3

Epi-hypospadias 2
Gastrointestinal 

abnormalities
12.1 Gastroesophageal reflux 3

Ileal atresia 1
Neurological 

abnormalities
9 Post-eriorfossa cyst 1

Polymicrogyria + central 
facial palsy + left

1

hemiparesis
Mixed-type 

polyneuropathy
1

Hematological 
abnormalities

9 Autoimmune cytopenia 3
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common features leading to diagnosis like other stud-
ies.7 Cardiac defects or hypocalcemia in newborns with 
facial features should lead to 22q11.2 deletion research. 
The presence of characteristic facial features can assist 
in diagnosis of patients, but if other typical congenital 
features are absent, the opportunity for diagnosis can be 
missed.8 Especially under two years of age, the presence 
of cardiac anomaly or hypocalcemia is very helpful for the 
diagnosis. However, there were patients with hypocalce-
mic convulsion or autoimmune manifestations diagnosed 
at older ages in our study.

It is known that there is an enormous phenotypic het-
erogeneity in this syndrome.9 The frequency of cardiac 
anomalies in the literature is 49–83%.9 Cardiac defect was 
detected in 90.9% of our patients. The malformations of 
the outflow tract that include tetralogy of Fallot (with or 
without pulmonary atresia), truncus arteriosus, and inter-
rupted aortic arch type B are the most specific congenital 
heart defects in 22q11.2 deletion syndrome.8 Furthermore, 
these patients may have a normal echocardiographic exam-
ination or nonspecific cardiac defects other than typical 
cardiac manifestations. Congenital heart diseases are the 
most common cause of death in patients with 22q11.2 dele-
tion syndrome (87%).10,11

In Childhood Obesity Programme (CHOP) cohort data,12 
the frequency of hypocalcemia is reported to be 49%. 
Similar to this data, in our evaluation for symptomatic 
hypocalcemia due to hypoparathyroidism, it was reported 
in 13 patients (39.3%). Ten of them were neonatal hypo-
calcemic (30.3%). This ratio is reported as 20% in an Italian 

Immunological spectrum of the patients was highly 
variable (Table 4). In five patients, absolute lymphocyte 
counts were low compared to age-related normal values 
(Table 5). Twenty-one patients had low CD3+ T-cell counts, 
19 patients had low CD4+ T-cell counts, and 11 patients had 
low CD8+ T-cell counts. Ten patients had normal T-cell per-
centages and T-cell subset counts (30.3%). Overall, 69.6% of 
the patients had normal IgG, IgA, and IgM levels and two 
patients (6%) had low IgA, IgG, and IgM levels at initial eval-
uation (Table 5). Other patients had at least one immuno-
globulin level below the normal values.

Twenty-five of the 33 patients (75.7 %) had recurrent 
infections such as pneumonia and otitis media, 21 (63.6%) 
of them used prophylactic antibiotic or antifungal (amoxi-
cillin, trimethoprim-sulfamethoxazole, and fluconazole) in 
follow-up. Immunoglobulin replacement therapy was per-
formed in 13 patients (39.4%). Regular immunoglobulin and 
prophylactic antibiotics or antifungals are still used regu-
larly in 12 of them. Prophylactic antibiotic was stopped in 
seven of them because of decreasing frequency of infec-
tions. One of the patients had tracheostomy and three had 
bronchiectasis. Immunosuppressive treatment was still 
used in one patient because of autoimmune cytopenia. 
One of our patients died during cardiac operation when he 
was 1.5 months old, and another one died because of sepsis 
and multiple organ failure when she was 18 years old. T-cell 
counts reached normal levels for their age in five patients 
who had low T-cell counts at initial examination. None of 
our patients had developed malignancy in follow-up.

Discussion

22q11.2 deletion syndrome is the most common 
microdeletion syndrome characterized by conotruncal 
cardiac anomaly, immunodeficiency, and hypocalcemia. 
However, the presence, severity, or onset age of the 
symptoms may be quite variable, it is sometimes available 
to access the diagnosis by other clues. According to our 
results, cardiac defects and hypocalcemia are the most 

Table 4  Mean levels of immunoglobulin isotypes and 
lymphocyte subgroup counts and ratios of the patients.

Mean ± SD Min Max

IgG (mg/dL) 748.4 ± 258.1 140 1570
IgA(mg/dL) 72.5 ± 64.1 6 295
IgM(mg/dL) 61.5 ± 33.1 17 132
Absolutelymphocytecount 

(#/mm3)
4029.3 ± 2828.1 920 7796

CD19 (%) 27.8 ± 10.3 11.5 54.4
CD19 (#/mm3) 1155.7 ± 823 122 2879
CD3 (%) 47.7 ± 16.9 5.8 80.3
CD3 (#/mm3) 1809.2 ± 1193.2 309 4448
CD4 (%) 27.9 ± 11.3 4.7 59
CD4 (#/mm3) 1124.8 ± 787.5 174 2962
CD8 (%) 21 ± 10.6 0.5 50
CD8 (#/mm3) 825 ± 630.9 30 2610
CD16/56 (%) 20.8 ± 10.5 2 45
CD16/56 (#/mm3) 788.1 ± 472.9 57 1857

Table 5  Immunological findings of patients with 22q11.2 
deletion.

Lymphocyte subsets
Number of patients 

total n = 33 %

Low absolute lymphocyte 
count

5 15.1

Decreased CD3 + T  
lymphocyte count

21 63.6

Decreased CD4 + T  
lymphocyte count

19 57.5

Decreased CD8 + T  
lymphocyte count

11 33.3

Decreased CD19 +  
Blymphocyte count

1 3

DecreasedNKcellcount 1 3
Decreasedallof 

lymphocytesubsets
1 3

Normal all of  
lymphocyte subsets

10 30.3

Immunoglobulin levels
Number of patients 

Total n = 33 %

Low IgG level 5 15.1
LowIgM level 10 30.3
LowIgA level 7 21.2
Panhypogamaglobulinemia 2 6
IgG,IgA,IgMare allnormal 23 69.6
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T-cell recovery was 2.5 years in partial DiGeorge syndrome 
patients. Giardino et al.21 reported that the age-related 
recovery of T-cell numbers depended on a homeostatic 
peripheral proliferation of T-cells as well as a more skewed 
T-cell repertoire in older partial DiGeorge syndrome 
patients. Reduced T-cell counts at initial stage had recov-
ery in six patients during follow-up. The mean age of reso-
lution was 67 months.

The B-side of DiGeorge syndrome was also investigated 
in recent studies. Total B-cell numbers were usually not 
affected but memory B-cells were low.18 In our data, there 
was only one patient who had decreased B-cell numbers. 
Twenty-three of the patients (69.6%) had normal immu-
noglobulin levels and two patients (6%) had panhypogam-
maglobulinemia. Ten patients (30.3%) had low IgM levels, 
but these patients were in both high- and standard-risk 
groups.

It has been observed that there is an increased risk of 
autoimmune manifestations, although the reason for this 
remains unclear.18 Giardino et al.21 reported that auto-
immunity was associated with persistently low IgM and 
lymphopenia levels. In Giardino’s study, patients with auto-
immunity showed lower levels of CD3+, CD3+CD4+, and 
naive CD4+CD45RA+CD27+ T lymphocytes compared with 
DiGeorge patients without autoimmunity.21 In our study, 
there were four patients with clinical and laboratory signs 
of autoimmunity. One of these patients had more than one 
autoimmune process such as thyroiditis, diabetes, arthritis, 
and hemolytic anemia. Because of uncontrolled inflamma-
tion despite the immunosuppressive treatment, she died at 
the age of 18 due to multiple organ failure and sepsis. None 
of our patients with autoimmune findings showed any asso-
ciation with IgM levels, lymphocyte numbers, and T cell 
subsets.

The course and management of disease are directly 
related with the severity of cardiac anomaly, immuno-
deficiency, and the patient’s age. Cardiac operations and 
calcium replacement treatment are often used before two 
years of age. Prophylactic antibiotic and antifungal treat-
ment can be used in patients with recurrent sinopulmo-
nary infections. Intravenous immunoglobulin therapy was 
administered to these patients for many purposes, such as 
replacement therapy for low IgG levels, insufficient specific 
antibody response, or to prevent serious pulmonary infec-
tions, although the patients have normal immunoglobulin 
levels. Thymus transplantation is rarely performed in com-
plete DiGeorge syndrome patients. If there is a compatible 
donor and recurrent infections threatening life, hematopoi-
etic cell transplantation could be an alternative treatment 
to thymus transplantation.

In this study, we have demonstrated the clinical and 
immunological data of quite a large number of patients 
with 22q11.2 deletion syndrome diagnosed in our clinics. In 
conclusion, cardiac anomalies are usually the first diagnos-
tic clue in patients with 22q11.2 deletion. Especially under 
two years of age, the presence of cardiac anomaly is more 
helpful in diagnosis. However, the clinical spectrum of this 
syndrome varies considerably and there are also several 
immunological abnormalities. Patients with immunologi-
cally high or standard risks did not show any difference in 
terms of numbers and severity of infections and autoimmu-
nity. We suggest that infections in these patients could be 

study.7 Hypocalcemic symptoms can manifest as transient 
neonatal hypocalcemia or new-onset hypocalcemia that 
related to stress and illness, preoperatively or during ado-
lescence or pregnancy.13 Hypothyroidism and diabetes were 
other endocrinological manifestations associated with this 
deletion in our cases.

Palatal anomalies associated with 22q11.2 deletion 
were reported at 69%.14 The frequency of palatal anoma-
lies was 27.2% in our study. It is possible that minor palatal 
abnormalities were not recorded for our cases. Similarly, 
less speech disorder may be observed because of the 
underage of the patients and incomplete anamnestic data.

The previous studies reported developmental midline 
anomalies in brain concomitant with 22q11.2 deletion such 
as abnormalities of septum pellucidi, agenesis of corpus 
callosum, increased white matter hyperintensities, hypo-
plastic cerebellar vermis and cerebellar atrophy, and poly-
microgyria.15 One of our patients had left hemiparesis and 
central facial paralysis. Polymicrogyria was determined in 
her brain MRI. The incidence of polymicrogyria in 22q11.2 
deletion has been reported as 1%.15 The pathogenesis of 
polymicrogyria is unclear but hypoperfusion of the brain 
because of a vascular mechanism is a defended hypothe-
sis.16 In addition, Schaer et al.17 reported that there was 
a correlation between significant congenital cardiac dis-
ease and the brain volume and gyrification. Our patient 
had a bicuspid aortic valve, which was not a severe car-
diac anomaly in her echocardiography. However, autoim-
mune cytopenia was the significant finding when she was 
14 months old. Walking disorder developed in one of our 
patients, who was operated because of pes equinovarus 
deformity. Mixed-type polyneuropathy was determined 
in his electromyographic examination. There is no similar 
case with mixed-type polyneuropathy in 22q11.2 deletion 
in literature. This was considered to be associated with 
pes equinovarus deformity or related operation with this 
situation.

22q11.2 deletion syndrome is characteristically related 
with T-cell immunity because of thymic aplasia/hypopla-
sia or abnormal thymic migration. However, defects in 
T-cell immunity are various and associated with the sever-
ity of immunodeficiency.18 The immunodeficiency related 
with this syndrome has a large range from life-threatening 
to normal immunity.18 Nain et al.19 defined patients with 
low CD4+ and CD8+ cells as “high risk patients” whereas 
patients with normal numbers of CD4+ and CD8+ T-cells 
were defined as “standard risk patients.” The authors had 
detected more severe infections and persistent hypopara-
thyroidism in the high-risk group. At the time of diagno-
sis, 15.1% of our patients had a low absolute lymphocyte 
count, and a total of 63.6% of the patients had low CD4+ 
and/or CD8+ T-cell numbers (high-risk group). Ten of our 
patients (30.3%) had a normal distribution of all lympho-
cyte subtypes (standard risk group). We could not find any 
significant difference between clinical findings in these two 
groups (data not shown).

Only one of our patients with diagnosed 22q11.2 
deletion was complete DiGeorge. He had all subtypes of 
lymphocytes low at diagnosis and no improvement was 
observed during eight years of follow-up. Thymic trans-
plant is still an alternative treatment for this patient. 
According to Suksawat et al.’s20 study, median age of CD4+ 
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