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Abstract
Introduction Primary immunodeficiency disorders (PIDs) are
heterogeneous disorders that mainly present with severe, per-
sistent, unusual, or recurrent infections in childhood. Reports
from different parts of the world indicate a difference between
Western and Eastern populations.
Aim The aim of this study was to report on the different pat-
terns of PIDs and identify subgroup characteristics in a highly
consanguineous population in Egypt.
Methods We performed a retrospective chart review for chil-
dren below 18 years diagnosed with PID at Cairo University
Pediatric Hospital from 2010 to 2014.
Results Four hundred seventy-six children were diagnosed
with PID disorders. Major categories included combined im-
munodeficiency disorders, which constituted a large proportion
(30 %) of cases, along with predominantly antibody disorders
(18 %) followed by syndromic combined disorders (16.8 %),
phagocytic disorders (13.2 %), immune dysregulation disor-
ders (10.5 %), and autoinflammatory disorders (9 %).
Conclusion PIDs have different patterns within inbred popu-
lations with high consanguinity.
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Introduction

Primary immunodeficiency disorders (PIDs) constitute several
hundred disease entities. Their main presentation is with severe,
persistent, unusual, or recurrent infections. Other presentations
may include autoimmunity, lymphoproliferation, and/or malig-
nancy. PIDs are remarkably underreported in developing coun-
tries [1] because of several factors like attribution of infections
to malnutrition and difficulties with diagnosis in limited re-
source settings with scarcity of needed investigations.
Interestingly, PIDs in areas with high rates of consanguinity
have demonstrated a peculiar prevalence of more severe forms
of diseases and a different overall distribution [1, 2].

Egypt’s population has been estimated as 90 million in
2015. With an estimated birth rate of 23.35 births/1000, chil-
dren constitute about 32% of the population. Consanguinity, a
deeply rooted cultural trend in Egypt, ranges from 35.3 to
60 % with higher rates in rural areas and causes a relative
abundance in autosomal recessive disorders [3, 4].

The high rates of consanguinity and inbreeding result in
high rates of autosomal recessive inherited disorders as docu-
mented in other diseases studied in consanguineous popula-
tions [5, 6].

The study aims to report on the spectrum and different
patterns of PID in Egyptian children within a 5-year interval
of PID search at a tertiary referral center located in Cairo and
to identify subgroup characteristics in a highly consanguine-
ous population.

Methods

The study was set at the Primary Immunodeficiency Clinic at
Cairo University Pediatric Hospital and Immunology
Laboratory, Department of Clinical and Chemical Pathology,

* Nermeen Galal
Nermeen.galal@kasralainy.edu.eg

1 Department of Pediatrics, Faculty of Medicine, Cairo University,
Cairo, Egypt

2 Department of Clinical and Chemical Pathology, Faculty of
Medicine, Cairo University, Cairo, Egypt

J Clin Immunol (2016) 36:649–655
DOI 10.1007/s10875-016-0314-1

http://crossmark.crossref.org/dialog/?doi=10.1007/s10875-016-0314-1&domain=pdf


Cairo University. The clinic receives referrals from all over the
country and neighboring countries. The study was designed as
a retrospective chart review through 5 years from 2010 to 2014.

Children were referred for assessment from outpatient
clinics and inpatient wards if they had warning signs sug-
gestive of PID (severe, unusual, persistent, or recurrent
infections) or specific phenotypes such as autoimmunity/
lymphoproliferation/allergy suggestive of a certain immu-
nodeficiency disorder, e.g., autoimmune lymphoprolifera-
tive syndrome (ALPS) (presenting with lymphoprolifera-
tion and autoimmune cytopenias) or syndromic features
(hypocalcemia with congenital heart disease suggestive
of DiGeorge syndrome). Cases were subsequently tested
based on clinical suspicion of one of the PID categories.
Diagnosis was established according to the criteria set by
the European Society of Immunodeficiency Disorders
(ESID) and classified according to the International
Union of Immunological Societies [7]. Cases excluded
from the study were children proved to have other diag-
noses responsible for their symptoms such as cystic fibro-
sis, anatomical defects, etc. The study protocol was ap-
proved by the Institutional Review Board (IRB). Children
were examined by pediatricians who took a complete his-
tory and performed a clinical examination.

Laboratory Assessment Complete blood counts and
immunophenotyping of peripheral blood lymphocytes was
done by flow cytometry. Lymphocytes were characterized
by a panel of monoclonal antibodies: anti-CD3 as pan-T
marker, anti-CD4 for T helper lymphocytes, anti-CD8 for
cytotoxic T cells, anti-CD19 or anti-CD20 as pan-B
markers, anti-CD16, and anti-CD56 for natural killer cells.
Specific memory/naive markers as CD27, IgD, CD45RA,
and CD45RO were used for determination of memory ver-
sus naive B and T cells when indicated. CD18/CD11 and
Tregs were assayed in certain cases. Dihydrorhodamine as-
say was done in case of suspicion of phagocytic defects
with analysis of specific deficient NADPH components
for chronic granulomatous disease (CGD) patients by flow
cytometry. Further tests were tailored according to the pa-
tient’s presentation, e.g., TCRαβ for query ALPS patients,
WASP protein for suspected Wiskott-Aldrich patients, and
DOCK8 in hyperimmunoglobulin E syndrome (HIES).
Serum immunoglobulin levels were determined by nephe-
lometry. Genetic analysis was done for some cases when
available.

Statistics Descriptive statistics were presented with mean,
+/− standard deviation (SD), or median with interquartile
range for continuous variable and proportion of categori-
cal variables.

Results

During the period from 2010 to 2014, a total of 5000 children
were screened for PID. Out of those, 476 were identified with
confirmed PID disorders. One hundred twenty children were
diagnosed with probable PID (not matching specific disease
criteria or not having enough evidence to support the diagno-
sis yet presenting with clinical manifestations highly sugges-
tive of PID). The patients were diagnosed with 30 different
primary immunodeficiency disorders which belonged to eight
different categories (Table 1).

T cell/combined disorders constituted 143 (30 %) and were
the most common disorders, followed by predominantly anti-
body disorders with 86 (18%), syndromic combined disorders
with 80 (16.8 %), phagocytic defects of number or function
with 63 (13.2 %), immune dysregulation with 50 (10.5 %),
autoinflammatory disorders with 43 (9 %), complement defi-
ciency with 6 (1.3 %), and defects of innate immunity with 5
(1 %) (Fig. 1).

The percentage distribution of PID categories in similar
countries with high rates of consanguinity is demonstrated in
Fig. 2 although each country’s cohort is different regarding
intervals of case recruitment and sample size.

Among the 140 cases diagnosed with severe combined
immunodeficiency (SCID)/Omenn syndrome, sufficient
data for categorization was available for only 91 cases
over the past 3 years. Of those, 46 (50.5 %) cases were
diagnosed with T-B-SCID, 35 (38.5 %) with T-B + SCID,
and 10 were diagnosed with Omenn syndrome (11 %).
RAG mutations were identified in four out of 10 children
p r e s en t i ng wi th T-B-SCID/Omenn pheno type .
Interestingly, one of the patients had a novel nonsense
mutation (Q812X) detected in a homozygous form despite
being born to nonconsanguineous parents [8]. Prenatal
diagnosis was carried out for three pregnant mothers with
previously affected SCID or Omenn syndrome infants
having a homozygous RAG1 mutation. Two fetuses were
diseased while the third had the wild-type gene.

T cell receptor excision circles (TRECs) assays were used
for targeted screening in high-risk infants with a positive yield
in 18.4 % (23/125 neonates) of studied cases diagnosed with
SCID. Two SCID patients were successfully transplanted.

Among the categories of combined immunodeficiency
with syndromic features, hyperimmunoglobulin E syndrome
(HIES) was the most common diagnosis with 35 cases diag-
nosed based on their clinical features and elevated immuno-
globulin E (IgE) level, which ranged between 2000 and
50,000 IU/ml. Out of 20 cases screened for genetic mutations,
there were 12 DOCK8 deficiency cases, one case of STAT3
deficiency, and a group of children with typical clinical pre-
sentations, laboratory investigations, and unidentified genetic
mutations. Thirty-two patients were diagnosed with ataxia tel-
angiectasia; three of them developed malignancy in the form
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of acute lymphoblastic leukemia and Hodgkin and non-
Hodgkin lymphomas.

Thirty-six patients were diagnosed with less than 2 %
CD19 levels. Based on family history with exclusive ma-
ternal cousins’ and/or uncles’ affection, a presumptive di-
agnosis of X-linked agammaglobulinemia was made in 14
cases, and the rest were suggestive of autosomal recessive
agammaglobulinemia.

Fifty patients were diagnosed with different immune
dysregulation disorders including hypopigmentation dis-
orders, hemophagocytic lymphohistiocytosis (HLH), auto-
immune lymphoproliferative disease (ALPS), and immune
dysregulation, polyendocrinopathy, enteropathy, X-linked
immune deficiency (IPEX)/IPEX-like syndromes.

Chronic granulomatous disease (CGD) was the most com-
monly diagnosed disorder in the phagocytic disorder category.
The group included 45 children, and data was retrievable for
31 children from 28 different kindred. Twenty-seven children
were proved to have autosomal recessive CGD with the most
common defective protein was p22-phox in 14 patients,
followed by p47-phox in 11 patients, and p67-phox in 2 pa-
tients. Four children presented as X-linked CGD based on
maternal bimodal dihydrorhodamine assay patterns and exclu-
sive male affection.

Familial Mediterranean fever (FMF) was one of the most
commonly diagnosed disorders, with 41 cases diagnosed
based on mutations detected in the Mediterranean fever
(MEFV) gene.

Clinical Presentation

Recurrent infections were the main presenting symptoms
in 90 % of our cases, with pneumonia topping the list
followed by chronic diarrhea, skin abscesses, and chronic
otitis media. Family history of similar cases was positive
in 80 %. A minority of cases presented with other mani-
festations, e.g., autoimmunity, malignancy, and/or lym-
phoproliferation. In the category predominantly antibody
deficiency disorders, presentations extended to include re-
current sinopulmonary infections, bronchiectasis, cor
pulmonale, and stunted growth. In hyperimmunoglobulin
M, patients also suffered from sclerosing cholangitis, au-
toimmune cytopenias, and cryptosporidial diarrhea. In the
CGD group, BCGosis following compulsory BCG vacci-
nation was recorded in three patients. Fungal infections

Fig. 1 Primary
immunodeficiency disorder
distribution by category

Fig. 2 Percentage distribution of primary immunodeficiency disorders
by different categories in Middle Eastern countries with high
consanguinity compared to the European Society of Immunodeficiency
Disorders Society’s (ESID) registry

652 J Clin Immunol (2016) 36:649–655



among those patients were very vigorous and frequently
involved the central nervous system.

Age of Onset, Age of Diagnosis, and Diagnosis Delay

The age of onset of symptoms ranged between 0 and 9 years
with mean of 1.15 years for all PID categories. While the age
of diagnosis of the patients ranged between 0.08 and 17 years
with mean of 3.25 years. Majority of the patients (83 %) were
diagnosed during childhood (<14 years). Prenatal diagnosis
confirmed the disease in two fetuses, and mothers decided to
terminate the pregnancy. The overall mean delay in diagnosis
was 1.67 years.

Genetic Analysis

Genetic analysis was not always available. In 106 patients
(22.26 %), the genetic defect was identified. The identified
mutated genes among SCID were RAG1&2 (6 patients), arte-
mis (1 patient), and purine nucleoside phosphorylase deficien-
cy (2 patients). Among the CGD group, NCF1 (8 patients),
CYBA (14 patients), NCF2 (2 patients), and CYBB (4 pa-
tients). In HIES, mutations were detected in dedicator of cy-
tokinesis 8/DOCK8 (12 patients), and STAT3 (1 patient). In
all FMF patients, mutations were detected in the MEFV gene.
Mutations were also detected in IL-10 RA, IL10RB, STAT1 (2
patients), CD40 (2 patients), IL-12RA (1 patient), IL-12RB (1
patient), and FAS (1 patient); there were 2 patients with ORAI,
1 patient with TCN2, and 1 patient with IFNGR1 gene muta-
tion. One patient was diagnosed with NEMO deficiency (nu-
clear factor kappa B essential modulator).

Atypical Cases

We had cases presenting with multiple mutations and a mixed
phenotype:

Case 1 A 9-year-old female presenting with pneumonia, di-
arrhea, draining ears, cholangitic microabscesses,
portal venous thrombosis, oral candidiasis, and ecze-
ma was diagnosed with a homozygous deletion of
exons 1–44 in DOCK 8 and a homozygous missense
variant in exon 13 of CARD9.

Case 2 A male patient with a history of two siblings’ deaths
by classical T-B-SCID. Sequencing revealed two ho-
mozygous missense mutations in RAG2 (p.T2151)
and (p.R229Q). Both parents and grandmothers
(sisters) carried the two mutations in a heterozygous
form while the grandfather was normal, indicating
both mutations to be on the same allele.

Case 3 A 5-year-old boy with pneumonia, sinusitis, otitis,
eczema, diarrhea, recurrent warts, and multiple frac-
tures was found to have a homozygous mutation in
DOCK8 and two heterozygous mutations in the
AIRE gene.

Discussion

This study reports on a different distribution of PID disorders
in a consanguineous population with a prevalence higher than
estimated and with low awareness among the population as
well as healthcare providers.

The rate of consanguinity was obviously very high in
all PID categories reported in our population. In combined
immunodeficiency disorders, the consanguinity rate was
almost 79.7 %, a rate that is very close to that of Saudi
Arabia (82 %) but higher than that of Turkey (62 %),
Tunisia (56 %), and Morocco (44.8 %) but less than that
of Kuwait (100 %) [9–13]. While we reported a consan-
guinity rate of 85.7 % in our HIES patients, lower rates
were reported in nearby countries; 77 % in Saudi Arabia,
60 % in Turkey, 39 % in Kuwait, and 37.5 % in Morocco
[9, 12–14]. For antibody deficiency disorders, the consan-
guinity rate in our patients was 68.6 %, a rate close to that
of Saudi Arabia (74 %) and Kuwait (70 %) but higher
than that of Morocco (40.6 %) and Turkey (9.7 %) [9,
12, 13, 15]. Regarding patients with immune dysregula-
tion, the consanguinity was 86 % with a rate close to that
of Saudi Arabia (83 %) and Turkey (80 %) [9, 15], but
higher than that of Morocco (44.4 %) and lower than that
of Kuwait (100 %) [12, 13]. In CGD, the present study
reported a consanguinity rate of 83 %, similar to Kuwait’s
but higher than Saudi Arabia’s (74 %), Turkey’s (61.7 %),
and Morocco’s (54.5 %) [9, 13, 16], while in LAD pa-
tients, the consanguinity rate (90 %) was higher than what
was reported in other studies (Saudi Arabia [85 %],
Morocco [38.5 %], Turkey [47.9 %]) [9, 12, 15]. With
regard to autoinflammatory disorders, the consanguinity
was observed in 65 % of the cases, a much higher rate
than Turkey’s 12 % and Morocco’s 16.7 % while this
category was not reported in Saudi Arabia and Kuwait
[9, 12, 13, 15].

T cell/combined immunodeficiencies were reported as the
most common class (30 % combined disorders and 46.8 %
when combined with syndromic disorders) compared to the
other categories as reported in similar populations like Tunisia
(28.5 %), Saudi Arabia (59.7 %), and in a collective compar-
ative study of the North African region with prevalence in
Egypt, Tunisia, and Morocco, with 41, 27, and 19 % of cases,
respectively [1, 9, 11].

J Clin Immunol (2016) 36:649–655 653



Other countries demonstrate a high prevalence of com-
bined disorders but not as the most common category as in
Kuwait, where they came at 21 %, second to antibody disor-
ders, and Oman, with a predominance of phagocytic disorder
as the most common PID category [13, 17].

A previous study conducted in Egypt reported a total prev-
alence of combined T and B cell immunodeficiencies as
(29.7 %) of their cohort of PID patients with a consanguinity
rate of 62.5 % [18].

For SCID cases, identification of the genetic defect
encourages proper counseling and has enabled parents to
make informed decisions in their subsequent pregnancies.
The study revealed SCID constituted a major fraction of
PID disorders among our studied patients. The mean age
at diagnosis was 8.9 months, which is quite late unfortu-
nately. A study of an Egyptian cohort of PID patients also
documented a high incidence of SCID with a relatively
late age at diagnosis and a diagnostic lag of several
months [18].

A study comparing SCID patients diagnosed in Kuwait and
USA revealed a different age of onset and different molecular
causes, which highlights the importance of newborn screening
even if targeted among high-risk families [19].

Regarding North Africa, Morocco, as well as Tunisia, data
showed that among T-B+ SCIDs, only a minority have a de-
fective expression of the gamma chain (X-linked form), while
autosomal recessive forms as interleukin 7 receptor alpha
chain (IL7Rα) expression defect and janus kinase 3 (Jak-3)
deficiencies were observed in a score of patients [1]. RAG
mutations were confirmed to be not uncommon in the
Egyptian SCID population as previously reported by
Meshaal et al. [8].

Antibody deficiency disorders reported as the most com-
mon category of PIDs observed in European and Latin
American registries were found to be lower in North African
populations studied [1]. This was suggested by Barbouche
et al., where agammaglobulinemia cases with absence of cir-
culating B lymphocytes diagnosed in the three North African
series were often highly suggestive of autosomal recessive
mode of inheritance and confirmed in this study with a low
incidence of X-linked agammaglobulinemia in comparison to
other disorders [1].

In CGD, the most common defective proteins were p22-
phox, then p47-phox, followed by gp91-phox, and finally p67-
phox, indicating a predominance of the autosomal recessive
mode of inheritance compared to the X-linked mode. These
findings are in agreement with the study of CGD pattern in
Turkish families by Köker and colleagues, which also demon-
strated predominance of AR forms in a consanguineous pop-
ulation [16]. Other studies of the Israeli and Indian popula-
tions revealed the autosomal recessive patterns were 63 and
58 % of CGD population, respectively, also because of the
high consanguinity rates [20, 21]. Western countries, on the

other hand, show a predominance of X-linked CGD as the
ESID registry reports an approximate two-thirds of CGD
cases are X-linked forms [22, 23].

The clustering of specific protein deficiencies in particular
geographical areas of our country probably points to a founder
gene effect.

Cases of HIES screened for genetic mutations revealed a
strong predominance of DOCK8 deficiency (AR form) as
opposed to STAT3 mutations (AD form) in our patients.
Interestingly, a group of typical HIES patients were negative
for mutational testing by next-generation sequencing, suggest-
ing an undiagnosed cause that might prevail in the
community.

A study of the MEFV mutations in Egyptian patients with
FMF revealed the most frequent gene mutations in the studied
group were V726A, M694V, M680I, E148Q, and M694I at
41.2 %, 32.4 %, 29.4 %, 25 %, and 20.6 %, respectively. At
least one of these main five founder mutations was present in
97.1 % of patients [24].

As for MSMD, a new IFNGR1 mutation underlying
IFN-γR1 deficiency was detected among Egyptian children
[25]. Similar cases were also reported frequently in a Tunisian
series with IL12B and IL12Rβ1 gene defects and founder
effects have been observed with interleukin 12 B (IL12B)
gene mutation [26].

Interestingly, some of the cases had several coexisting
disease-causing mutations and presented with a mixed
phenotype.

In conclusion, the exact prevalence and/or incidence of
PID disorders in Egypt remain a puzzling question in the
absence of a national registry. This data set may act as a
foundation for setting up a national record of PID disor-
ders in Egypt.

The study demonstrates that in highly consanguineous pop-
ulations, autosomal recessive forms of PID disorders prevail
and may also have peculiar characteristics pertaining to pre-
sentations and underlying genetic mutations. Such popula-
tions constitute a rich high-potential area for the discovery of
new genetic causes in the field of immune deficiency disorder
research. The study also establishes that collaboration and
networking allows a state-of-the-art approach to the genetic
and functional characterization of genetic defects in families
with primary immunodeficiency despite limited resources.
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