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Primary immune Background: Activated Phospho-Inositide 3 (PI3) Kinases Delta syndrome (APDS) can underlie
deficiency; primary immune deficiency. The prevalence and phenotypic characterization of these patients
B lymphocytes; are not well described in Egypt.

T lymphocytes; Objectives: To describe patients with APDS in hospitalized children with recurrent respiratory
Activated PI3K Delta tract infections with suspected primary immune deficiency.

syndrome; Methods: 79 patients were included in the study. E1021K and E525K mutations of PI3K & chain
Respiratory tract gene were screened by Sanger sequencing technique.

infections Results: one patient was heterozygous to E1021K mutation; a female child was diagnosed clin-

ically as Combined Immune Deficiency with CD4 and B lymphopenia and markedly deficient IgG
and increased IgM. The E525K mutation was not detected in our cohort.

Conclusions: Screening for APDS in patients with recurrent respiratory tract infections with
undefined antibody deficiency or combined immune deficiency with or without bronchiectasis is
required. These patients need great attention to benefit from the available treatment. Further
studies on the Egyptian population are recommended to increase the knowledge about the
prevalence and phenotypic characterization of this disease in Egypt.
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Introduction

Congenital or primary immune deficiency disorders (PIDs)
are a heterogeneous group of diseases characterized by
defects in the development and/or functions of immune sys-
tem components, resulting not only in recurrent infections
but also in immune dysregulation in the form of allergy,
autoimmunity, and malignancy.' According to the 2017 Inter-
national Union of Immunological Societies (IUIS) phenotypic
classification of primary immune deficiency, there are 320
gene defects underlying 330 phenotypic disorders.? Over
the last decade, the knowledge of PIDs and their molecu-
lar bases, as well as the ability to treat has been clearly
growing. Therefore, early diagnosis of PIDs is essential to
improve the overall survival of patients.>

Class 1A phospho-inositide 3 (PI3) kinases are het-
erodimers of a 110 KDa catalytic subunit whether (p110 «,
p110 B or p1103) and a regulatory subunit p85s. PI3Ka and 3
are expressed in all tissues and cells, while PI3K3 is enriched
mainly in leukocytes.” These enzymes phosphorylate the 3
position of the inositol lipid of cell membrane generating
phosphatidylinositol-3, 4, 5-triphosphates PI (3,4,5)P3. The
generated Pl (3,4,5) P3 recruits Akt to be activated by PDK1
and mTORC2.5¢

Class 15 PI3K/AKT/mTOR signaling pathway has a cru-
cial role in immune cell function mediation. p85 or p1103
knockout mice have functional defects in Neutrophils,
Macrophages, Dendritic Cells, and Natural Killer cells even
though these cells show normal development. Conversely,
B cell development, B Cell Receptors (BCR) mediated pro-
liferation, as well as antibody production are all impaired.
In addition, T cell responses to cognate antigens are also
impaired.”

Gain of function mutations in the p1108 gene were first
described in 2013.%8 These mutations in the catalytic sub-
unit lead to increased activity of the PI3KCD, resulting in
immune dysregulation and immunodeficiency causing a dis-
ease named Activated PI3K-3 Syndrome (APDS).? Recently,
up to 10 gain of function mutations in PI3KCD chain gene
have been described.’ The most frequently reported one is
the E1021K variant. It is an autosomal dominant missense
Guanine (G) to Adenine (A) mutation at position c.3061.
It encodes an amino-acid substitution glutamic acid with
lysineat position 1021 (E1021K) in the C-lobe of the delta
chain protein.? Another one (E525K), is G to A mutation at
position c.1573 with the same consequent amino acid substi-
tution at position 525 in the helical domain, this substitution
likely interferes with the inhibitory contacts between p1108
and p85a.'°

Recently, loss of function mutations in the PIK3 regulatory
chain (PIK3R1) gene have been described to cause increased
PI3KCD activity and an immune deficiency disorder pheno-
typically resembling patients with the PIK33 catalytic chain
mutations. This disorder has been termed APDS2. Now, a PID
caused by activating mutations in the PIK33 catalytic chain
gene is referred to as APDS1 and both diseases together are
known as APDS.°

Activated PI3K-delta syndrome is characterized by
recurrent respiratory tract infections, bronchiectasis, lym-
phoproliferation, poor antibody responses, expansion of
senescent CD8+T cells, B cell lymphopenia with rela-

tively increased transitional B cell nhumbers, and reduced
immunoglobulin 1gG.° APDS patients have been described to
exhibit benign and malignant lymphoproliferative disease,
often in association with EBV viremia.® T cell lymphopenia
was explained by the enhanced signaling of T Cell Recep-
tors (TCR) leading to Activation Induced Cell Death (AICD).
The defective B cell function was attributed to the suppres-
sion of class switching recombination while the increased
transitional cell types is due to blocked B cell maturation or
enhanced death of mature B.®

Recurrent respiratory tract infections in children >4
times per year are considered a warning sign of an underlying
immunodeficiency disorder. APDS is represented mostly with
recurrent pneumonia and bronchiectasis. The early diagno-
sis and correct treatment of these patients allows them to
benefit from the commercially available inhibitor of PIK33.

Objectives and aim of this work

To evaluate the existence and to describe the phenotypic
characterization of APD syndrome among children presented
with recurrent respiratory tract infections at Zagazig Univer-
sity Hospital, to highlight the importance of screening for
this disorder among Egyptian children with suspected PID.

Patients and methods

This cross-sectional study was conducted at the pediatrics
and clinical pathology departments of Zagazig University
Hospital, Zagazig City, Al Shargia Governorate, Egypt, from
the first of July 2017 to January 2019. During the plan-
ning for this work and because the phenotypic characters
of APDS patients had not been described before in Egypt,
we preferred to widen the spectrum of the research to
include children with recurrent respiratory tract infections
with suspected PID. Subjects were selected from children
admitted to the chest unit at the pediatrics department
with severe or recurrent upper or lower respiratory tract
infections with and without complications. Eligibility selec-
tion criteria included; age < 16 from both genders, of the
same Egyptian ethnicity, suspected to have a PID either by;
1) positive family history, 2) presence of any warning sign of
immunodeficiency'' suspected from history taking and clini-
cal examination, or 3) presence of any routine laboratory
test results that indicate immunodeficiency such as lym-
phopenia. Written informed consents were obtained from
parents to allow their child’s participation in the study.

Children with secondary immunodeficiency or whose par-
ents refused to give informed consent were excluded from
the study.

Data collection

All selected patients were subjected to full history taking
and thorough clinical examination. Results of imaging tech-
niques including; chest X ray + Computerized Tomography
(CT) or Magnetic Resonance Imaging (MRI), routine labora-
tory investigations including; complete Blood Count (CBC), C
Reactive Protein (CRP), serum immunoglobulin levels, lym-
phocyte subsets assessment by flowcytometry for T cells
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(CD3,CD4 and CD8) and for B cells (CD19)and specific labora-
tory investigations such as Nitro Blue Tetrazolium test, CD11
and CD18 assessment and CH50 assay test if presentwere
collected from patients’ files.

Sample size calculation

The sample size of this study was calculated using this
formula.'

n = 2.58%2x4p(1-p)/d?

where p is the prevalence of these mutations in a previous
study =0.008 and d is the absolute error or precision =0.05.

Ethical approval

The Institutional Review Board (IRB) and ethical commit-
tee of Zagazig University Hospitals approved this study
(Approval number: IRB#4704/26-6-2017). All subjects gave
written informed consent before enrollment in this work.
This study was conducted in accordance with the Declaration
of Helsinki.

Genotyping of PI3KCD (p110 3) for E1021K and
E525K mutations by sanger sequencing

1) DNA extraction; 2ml whole blood on EDTA were col-
lected, extraction was performed by Thermo Fisher Kits
(Thermo Fisher Scientific Inc., Ontario, Canada) according
to the manufacturer’s guidelines, 2) PCR amplification using
the following primers; for E1021K (forward 5’GAG ATG CTG
GGA GCT CTC TACT3’- reverse5’TGT CGG TTC TTT CCC GTT
AG3’).8

For E525K (forward 5’CTA CCA GGC ATA TCT GGG GCC
TTC3’- reverse 5’AGC TCC GCC CCC AGG TGC3’)."* PCR
amplification reaction mixture contained 10 ul of the ready
master mix (TOPsimple™PreMIX-nTaq, enzynomics, Dae-
jeon, South Korea), 1wl of 5pmol from each primer, 2 pl
of genomic DNA, and 6 ul nuclease free water, in a thermal
cycler (Biometra TProfessional PCR, Gottingen, Germany)
with cycling condition of initial denaturation at 95°C for
5min, 35 cycles of (denaturation at 95°C for 30s, annealing
at 60°C for 60s and extension at 72°C for 1 min), followed
by a final extension at 72°C for 5min. On 1.5% agarose gel;
amplicon bands that appeared at 380 and 590 bp for E1021 K
and E525K, respectively, were considered positive. 3) First
purification of amplified PCR products with MEGAquick-
spin™plus (INTRON Biotechnology, South Korea). 4) Cycle
sequencing using Bigdye Terminator V3.1cycle sequencing
kit (Thermo Fisher Scientific Inc., Ontario, Canada). 5)
Second purification of the products using Centrisep spin col-
umn Purification Kit (Thermo Fisher Scientific Inc., Ontario,
Canada). 6) Sequencing using the Applied Biosystems 3500
Genetic Analyzer (Thermo Fisher Scientific Inc., Ontario,
Canada). All were performed according to the manufac-
turer’s guidelines. 7) The Nucleotide Blast online program
(https://blast.ncbi.nlm.nih.gov) was used for results inter-
pretation. Genotyping was performed at Zagazig university
hospital research lab.

Further evaluation of positive cases

Patients who were positive for any of the candidate
mutations by DNA sequencing were subjected to further
evaluation by: 1) Flowcytometry using the following mark-
ers from BD Bioscience (San Jose, USA); naive T cell
(CD45RA), memory T cell (CD45R0), Transitional B cells
(CD24 and CD38), memory B cell (CD27) and natural killer
marker (CD56) using the BD FACScan™ flow cytometer
(BD Bioscience, San Jose, USA), 2) Epstein Barr (EBV) and
Cytomegalovirus (CMV) viremia by real time PCR using the
LightCycler EBV Quant kit and LightCycler CMV Quant Kit
with the LightCycler 2.0 Instrument (Roche Diagnostics,
Mannheim, Germany).

Statistical analysis

SPSS program version 21 (IBM Corp., Chicago, IL, USA) sta-
tistical software was used for data analysis. Shapiro-Wilk
test was used to test the normality of quantitative results.
Age and weight are expressed as median and range. Mann-
Whitney test was used to compare medians. Frequencies are
expressed as numbers and percentages, Chi-square test and
Fisher’s exact test for results <5 were used to compare fre-
quencies. P <0.05 was considered to indicate statistically
significant differences.

Results

This study included 82 children suspected to have a primary
immune deficiency disorder. Three patients were excluded
- one of them due to incomplete data and two due to failed
sequencing. The remaining 79 children included 39 males
and 40 females. Their median age was 15.5 months, range
(5 months to 7 years) and median weight was 8kg, range
(5-22 kg). Demographic features, family history and pre-
senting symptoms of the included patients are illustrated
in Table 1. Signs and routine laboratory investigation results
of patients are illustrated in Table 2. The main presenting
symptom of patients was recurrent chest infections. Motor
and mental delay, as well as hepatosplenomegaly, were more
frequent in male children while the recurrent hospitalization
was more frequent in female patients although the level of
significance was weak p=0.05 and 0.04, respectively.

The E1021K positive patient referred to as (Patient 5)
was a full term, 2.5 years old female, weight 9 kg, she was
the second child in the family and the first child was healthy;
there was positive consanguinity as the parents were cousins
with a negative family history of PID. She had been admitted
twice previously to hospital by recurrent chest infections at
the age of 13 months and 19 months with the occurrence
of frequent upper respiratory tract infections and sinusi-
tis treated at home. This time she came to the hospital
with difficulty breathing. In the examination, there were
bilateral chest fine crepitations, cervical lymphadenopa-
thy, no organomegaly, and no neurodevelopmental delay.
The complete blood count of the patient showed normal
total leukocyte count with marked lymphopenia, moder-
ate microcytic hypochromic anemia, and normal platelet
count. C reactive protein and Procalcitonine were highly
increased in the first day of admission then decreased gradu-
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Table 1 Demographic features, family history, and presenting complaints of patients.
Males Females P value
n=39 n=40
Age in months Median 18 13 0.2
Range 6-84 5-72
Weight in Kg Median 9 8 0.1
Range 5-22 5-18
Consanguinity Positive 15 14 0.4
(%) (38.4) (35)
Positive family history Positive 8 5 0.2
(%) (20.5) (12.5)
Other presenting symptoms Abdominal enlargement 8 3 0.08
Failure to thrive 13 15 0.4
Mental and motor delay 12 5 0.05
Prolonged fever 15 16 0.5
Recurrent skin abscesses 1 6 0.06
Recurrent hospitalization 10 19 0.04
Recurrent gastroenteritis 2 4 0.3
Asthma 3 6 0.2
Significant P values are in bold.
Table 2 Clinical signs and routine laboratory investigation results of patients.
Males Females P value
n=39 n=40
Examination findings Hepatosplenomegaly 12 5 0.05
Generalized 5 7 0.7
lymphadenopathy 10 4 0.09
20thers
CBC Absolute neutropenia 7 6 0.7
Absolute lymphopenia 8 13 0.2
Immunoglobulin Increased IgM with 3 2 0.3
decreased IgG and IgA
Decreased IgM and 1gG 5 8 0.3
Decreased IgG 2 3 0.4
Decreased IgA 5 6 0.5
Flow cytometry Decreased CD3 6 7 0.4
Deceased CD4 6 6 0.8
Inverted CD4/CD8 ratio 5 6 0.3
Decreased CD19 7 5 0.7
Decreased CD56 0 1 0.5

Significant P values are in bold.

a other findings include: silvery hair, gastroenteritis, sinusitis and skin abscesses.

ally with treatment. Flowcytometry for lymphocyte subsets
showed the following; CD3 and CD8 were within the nor-
mal range, decreased CD4, inverted CD4/CD8 ratio with
decreased CD45RA naive T cells and CD45R0O were rela-
tively increased. Markedly decreased CD19 with relatively
increased transitional B cell (CD24 and CD38), normal CD56
were observed. Results of immunophenotyping are shown
in Fig. 1. The immunoglobulin pattern showed markedly
decreased IgG, normal IgA, and increased IgM. Laboratory
investigation results of patient 5 as well as immunologi-
cal investigation results are illustrated in Tables 3 and 4,
respectively.

Epstein Barr Virus and Cytomegalovirus were nega-
tive. A chest X-ray showed bilateral bronchopneumonia,
a CT scan revealed neither bronchiectasis nor mediasti-
nal lymphadenopathy. Sputum culture and sensitivity were
negative, most probably due to the previous adminis-
tration of antibiotics before admission. The therapeutic
regimen of this case consisted of antibiotic treatment
with parenteral Ceftriaxone 75mg/kg/day, vancomycin
15mg/kg/dose/8 h, and fluconazole 9 mg/kg/day for 15 days
and intravenous immunoglobulin therapy to resolve the
concurrent infection with the planning for stem cell trans-
plantation.
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Figure 1  Flow cytometry charts of Patient 5.

(1) CD3 within normal range (2) reduced CD4 with inverted CD4/CD8 ratio. (3) Natural killer cell within normal. (4) Reduced naive
T cell. (5) Markedly reduced B lymphocytes (6) memory B cells are within normal percentage. (7) and (8) Relatively increased

transitional B cells.

The final diagnoses of the involved patients were as fol-
lows: 21 (26.4%) patients had antibody deficiency, 11 (13.9%)
of them had isolated IgA deficiency, five (6.3%) were diag-
nosed as Common Variable Immune Deficiency (CVID), three
(3.7%) were diagnosed as hyper IgM syndrome, and two
(2.5%) Bruton’s agammaglobulinemia. There were 11 (13.9%)
patients with Combined Immune Deficiency (CID), two (2.5%)

with Digeorge syndrome, two (2.5%) with Chediak-Higashi
syndrome, one (1.3%) with Chronic Granulomatous disease,
one (1.3%) with hyper IgE syndrome, one (1.3%) with adhe-
sion molecules deficiencies, one (1.3%) with mitochondrial
disorders, one (1.3%) with autoinflammatory disorders, one
(1.3%) had C5 deficiency, and one (1.3%) Ataxia Telangiecta-
sia syndrome. The remaining 36 (45.6%) patients were not
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Table 3 Laboratory investigation results of Patient 5 and reference ranges for age.

Results Reference range for age
Total leucocyte count (103 /ulL) 9.8 5-15
Neutrophil count (10% /ulL) 8 1.5-8.5
Lymphocyte count (103/uL) 1.6 2-5
Red cell count (106/uL) 4.6 3.9-5.3
Hemoglobin concentration (g/dl) 9.5 11.5-15
Mean Corpuscular Volume (fl) 61.1 70-87
Mean Corpuscular Hemoglobin (pg) 20.8 24—31
Platelet count (103/uL) 295 150-500
Serum total Bilirubin (mg/dl) 0.51 Up to 1.2
Serum Direct Bilirubin (mg/dl) 0.37 Up to 0.2
Serum Total proteins (g/dl) 5.30 6.4-8.3
Serum Albumin (g/dl) 3.09 3.5-5.2
ALT (U/L) 16.7 Up to 41
AST (U/L) 35.6 Up to 40
Serum Creatinine (mg/dl) 0.25 0.7-1.2
Serum urea nitrogen (mg/dl) 8.1 6-20
CRP (mg/dl) 206.88%86.84°25.81°10.77¢ 1-5
Procalcitonin (ng/mL) 0.990? 0.261° Up to 0.5
Serum sodium (mmol/l) 138 133-145
Serum potassium (mmol/l) 3.64 3.5-5.5
Serum calcium (mg/dl) 7.95 8.8-10.8
Serum phosphorus (mg/dl) 2.60 3.1-6
Serum magnesium (mg/dl) 1.76 1.7-2.3
Prothrombin time (sec) 12.7 11-14
Prothrombin concentration (%) 84.6 80-120
INR® 1.09 0.8-1.2
Partial Thromboplastin Time (sec) 21.4 26-42

@ Day one of admission.

b Day seven of admission.

¢ Day ten of admission.

d Day 14 of admission.

€ International Normalized Ratio.

Table 4 Immunological test results of Patient 5 and refe-
rence ranges for age.

Results Reference range for age
Serum IgM (g/L) 4.4 0.4-2.3
Serum IgA (g/L) 0.8 0.7-4
Serum 1gG (g/L) 0.7 7-16
Serum IgE (IU/mL) 0.1 Up to 60
CD19 count/uL (%) 100 (7) 670-1619 (16.5-25.8)
CD38 (%) 14 7.5-16.6
CD24 (%) 12 5.1-10.7
CD27 (%) 7 5.7-11
CD3 count/uL (%) 1200 (75)  900-4500 (43-76)
CD4 count/uL (%) 357 (22) 500-2400 (23-48)
CD8 count/uL (%) 843(53) 300-1600 (14-33)
CD4/CD8 Ratio 0.4 1.6-6.2
CD45RA (%) 54 61.8-85.2
CD45R0 (%) 42 14.8-37.2
CD56 count/uL (%) 300 (18) 155-565 (4-13)

confirmed to be PID patients, the causes of their recurrent
respiratory infections were due to: bronchial asthma in nine
(11.4%), gastro-esophageal reflux in six (7.6%), vitamin D

deficiency in five (6.3%), inhaled foreign body in one patient
(1.3%) and one case diagnosed as cystic fibrosis (1.3%). The
remaining 14 (17.7%) patients were completely normal and
the recurrent infections were attributed to environmental
factors and poor hygiene.

Discussion

This study was carried out in the chest unit of the pediatrics
department at Zagazig university hospital. Seventy-nine
children with recurrent respiratory tract infections were
included; PID was proved in 43 patients (54.5%). The distri-
bution of PID in these patients is compatible with registries
in Egypt and other countries.” Among the included 79
patients only one female patient (Patient 5) was het-
erozygous for E1021K mutation. This prevalence may be
underestimating. Therefore, by excluding 36 patients with
unproved PID and 11 patients with well-recognized syn-
dromes of immune deficiency, the final prevalence of
E1021 K mutation would be one in 32. The prevalence of
APDS1 is not well established due to variations of the stud-
ied cohorts among different studies.’ Angulo et al. identified
17 APDS1 patients among 184 PID patients,® this increased
frequency was explained by the inclusion of multiple cases
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with hyper IgM syndrome, while Elgizouli et al. encountered
five patients among 669 patients with undefined antibody
deficiencies. "

The phenotypic characteristics of Patient 5 meet those
of the previously described APDS patients in some aspects
and differ in others. She was classified clinically as combined
immune deficiency due to the deficient CD4 and B lympho-
cyte subsets with IgG deficiency with increased serum IgM.
By returning to previous studies a wide heterogeneity in
the immunological presentation of these cases was observed
even within one family, with the predominance of recurrent
respiratory tract infection in the majority of cases. Elgizouli
et al. screened for four reported gain of function mutations
in PI3K delta chain p1108 including (E1021K, E525K, N334K,
and C416R) and one loss of function mutation in the PI3K
regulatory chain p85a (c.1425+1). Only five patients were
heterozygous for E1021K, three of them were siblings of one
family and two were sporadic. The three siblings were pre-
sented as common variable immune deficiency (CVID) due
to B lymphocytopenia and hypogammaglobulinemia, while
the two sporadic cases were presented as combined immune
deficiency due to B and T lymphopenia particularly CD4
and IgG deficiencies, with increased IgM in one of them
whilst in the other it was normal.” In a study by Crank
et al.," they described three patients with APDS who pre-
sented with immunodeficiency and recurrent infection, with
hyper reduced naive CD4 T cells and class-switched B lym-
phocytes, reduced IgG, IgA or IgE with increased serum
IgM; they had been previously diagnosed as hyper IgM syn-
drome.

The E1021K mutation can be de novo and this can explain
the negative family history of PID in Patient 5. Angluo
et al. sequenced the healthy parents of an APDS patient
and confirmed that they were homozygous for the normal
allele.? In addition, they found that the E1021K mutation
is germline not somatic with any linkage disequilibrium
to other genes; they also attributed the variability in the
clinical presentation of patients to many factors including
lifestyle, pathogens, treatment efficacy and possibly modi-
fying genetic factors.

Activated PI3K-delta syndrome (APDS) patients are
susceptible to complications such as airway damages.
Bronchiectasis was described frequently in previous studies
with variable incidence. Lucas et al.® and Coulter et al.'®
described bronchiectasis in 33% and 75% of their cohorts,
respectively. These patients are prone to develop benign
and malignant lymphoproliferation with and without asso-
ciation with EBV.®" Two of eight patients described by
Kracker et al."”” developed B cell lymphoma. The young age
of Patient 5 can explain the absence of lymphoprolifera-
tion as well as airway damages, since these complications
may require time and recurrent episodes of infections par-
ticularly by herpes viruses to develop.'® Moreover, patients
with APDS possess a high incidence to develop inflam-
matory and autoimmune diseases such as systemic lupus
erythematosus.'® The severity of complications and high
mortality rate signify the HSCT and the use of Rapamycin
the mTOR inhibitor-®

The E525K mutation was not detected in this study. It
had, however, been identified in three patients out of 53
described with APDS1,® yet according to Elgizouli et al.,
it has not been identified among the 669 patients with

antibody deficiencies,'® indicating that E525K is much less
common than E1021K.

The discovery of these mutations and their activating role
has opened the opportunity for patients to gain benefit from
selective PI3KCD inhibitors, which have been used as cancer
chemotherapy'® and in inflammatory disorders.?%-?? |delal-
isib @ PI3KCD inhibitor approved for the treatment of chronic
lymphocytic leukemia and non-Hodgkin lymphomareduces
the catalytic activity of mutant PI3KCD efficiently to the
level of the wild type.' This opened the way for clinical
trials on APDS1 patients. So, the screening for PI3KCD as
well as PI3KR1 gene mutations in patients with atypical or
undefined antibody deficiencies, bronchiectasis even with-
out clear PID, severe herpes virus infection and lymphoma
is recommended. "

Despite the increasing number of patients with APDS
since the first description in 2013 and the rising importance
as a cause of PID, the knowledge about this syndrome is
not wide enough, as to the best of our knowledge no one
in Egypt has studied this syndrome in PID patients, at least
until the moment of writing this work. So, this study can
be considered as a beginning to understand the prevalence
and the clinical phenotype of these patients in our coun-
try. Because of this, during the plaining for this work we
preferred to widen the spectrum of research to include chil-
dren with suspected PID with recurrent respiratory tract
infections, but in the light of our results and the results
of previous literature worldwide we recommend to screen
for APDS in children with recurrent infections who proved
to have either undefined antibody deficiencies or CID with
or without bronchiectasis, especially in infants and young
children.

Conclusion

Screening for PI3KCD as well as PI3KR1 gene mutations in
recurrent respiratory tract infection patients with PID is
required. APDS patients need great attention to gain bene-
fit from the available treatment. In addition, further studies
on a large cohort of Egyptian population are recommended
to increase the knowledge about the prevalence and pheno-
typic characterization of APDS patients in Egypt.

Limitations
Cell culture equipment and facilities for in vitro mitogen

stimulation were not available. Parents would not allow us
to try in vivo stimulation or take LN biopsy
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