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duction of newborn-screening programs for a number of T 
and B lymphocyte deficiencies will facilitate early diagnosis 
and therapeutic interventions, which may include hemato-
poietic stem cell transplantation and intravenous immuno-
globulin treatment. There is a need for the implementation 
of strategies to increase public awareness of the health risks 
associated with consanguineous marriage. It should be 
stressed that genetic counseling should be an important 
component of the care of patients with PIDs as well as their 
families.  © 2014 S. Karger AG, Basel 

 Introduction 

 Primary immunodeficiencies (PIDs) are a heteroge-
neous group of genetic disorders caused by mutations in 
genes encoding immune system components, which lead 
to defects in the development and/or function of the im-
mune system  [1] . Such defects predispose patients to a 
wide spectrum of clinical manifestations and complica-
tions, in particular an increased susceptibility to infections, 
autoimmune diseases, lymphoproliferation and malignan-
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 Abstract 

 Primary immunodeficiencies (PIDs) are a heterogeneous 
group of genetic disorders caused by defects in the immune 
system that predispose patients to infections, autoimmune 
diseases, lymphoproliferation and malignancies. Most PIDs 
are inherited in an autosomal recessive pattern; therefore, 
they are more common in areas with high rates of consan-
guineous marriage. Reports about PIDs from these areas 
have demonstrated a peculiar prevalence of more severe 
forms of diseases compared to other regions, and patients 
born to consanguineous parents have increased rates of 
morbidity and mortality compared to other patients. Indi-
viduals at high risk of having a child with a PID who wish to 
have a healthy child have limited options, these include pre-
natal diagnosis and pre-implantation genetic diagnosis. 
However, these options require a collaborative team of spe-
cialists and may not always be implemented due to geo-
graphic, religious, financial or social factors. The recent intro-
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cies. Although some PID patients show mild signs and 
symptoms, patients with severe PIDs, such as severe com-
bined immunodeficiency (CID), usually do not see their 
first birthday if not diagnosed and treated urgently  [2] .

  The Expert Committee for Primary Immunodeficien-
cy of the International Union of Immunological Societies 
(IUIS) classified PIDs into 8 general categories: (1) CIDs, 
(2) well-defined syndromes with immunodeficiency, (3) 
predominantly antibody deficiencies, (4) diseases of im-
mune dysregulation, (5) congenital defects of phagocyte 
number, function, or both, (6) defects in innate immu-
nity, (7) autoinflammatory disorders, and (8) comple-
ment deficiencies. Approximately 200 different PIDs 
have been identified to date, and their number is still 
growing rapidly  [3] .

  The true incidence and prevalence rates of PIDs are 
unclear. The overall prevalence of PIDs has been estimat-
ed as approximately 10:   100,000 individuals; however, 
further reports indicated a higher prevalence of PIDs that 
differs throughout the world  [4] . A recent study suggest-
ed that although approximately 60,000 patients with PIDs 
have been documented, approximately 6,000,000 people 
are estimated to be living with PIDs worldwide, which 
suggests that PIDs are no longer rare  [5] .

  Inheritance of PIDs 

 PIDs can be inherited in different patterns. The auto-
somal recessive (AR) pattern is the most common form 
of inheritance in patients born to consanguineous parents 
 [6, 7] . However, X-linked (XL) inheritance is prevalent in 
other regions, which leads to a higher disease rate in 
males. Some PIDs are inherited in an autosomal domi-
nant pattern. Notably, assessing the precise family history 
is important for determining parental consanguinity, ear-
ly deaths of siblings or similar symptoms in other family 
members. The presence of affected siblings in a family 
could suggest an AR inheritance, whereas transmission 
from parent to child can be observed in autosomal domi-
nant inheritance. The presence of disease in only male 
individuals could be suggestive of an XL disorder. 

  Consanguinity Worldwide 

 More than 1,000,000,000 people live in regions of the 
world where consanguineous marriages are common, 
particularly marriages between cousins  [8] . These consan-
guineous unions are particularly prevalent in the Middle 

East and North Africa as well as in West Asia. The popula-
tions in these regions are made up of different ethnic ori-
gins. The rate of intra-familial marriage may differ there 
from one country to another and within the same country 
between geographic areas, but the overall percentage is 
between 20 and 50% of all marriages  [9] . Although reliable 
data on the prevalence of consanguinity for many coun-
tries are not yet available, generally it does not exceed 
1–10%  [9]  in most other regions of the world. Interest-
ingly, consanguineous marriages are also practiced in Eu-
rope, North America and Australia among emigrant com-
munities from highly consanguineous populations. In re-
cent years, this brought new patterns of sociocultural 
diversity and associated criticisms as well as new public 
health concerns into awareness in the host countries  [10] .

  In societies with specific local or tribal traditions, the 
tendency to prefer such unions is generally aimed at pre-
serving family structure and property, strengthening re-
lationships with in-laws and, consequently, bringing 
more stability and durability to marriages  [8] . In addition 
to the impact of customs or laws associated with ethnic 
and cultural backgrounds, religious factors also contrib-
ute to the differences observed in the extent of this phe-
nomenon between world regions as well as between and 
within different countries. 

  Consanguinity and Genetics 

 Consanguineous mating is known to be associated 
with a higher risk for AR diseases. This impact of in-
breeding on health is attributed to the higher probability 
for offspring of consanguineous parents to be homozy-
gous by descent and to inherit two copies of the same 
single allele than for those born to non-consanguineous 
parents. Recent studies based on high-density SNP geno-
typing have clearly shown a gradual increase in average 
genome-wide homozygosity with increasing levels of 
consanguinity  [11] . Deleterious founder mutations have 
been reported in different consanguineous populations 
to be the underlying cause of a large spectrum of mono-
genic AR diseases including PIDs  [12, 13] . Recently, an 
interesting, but still controversial, potentially beneficial 
genetic aspect of consanguinity has been reported in the 
literature, suggesting that not only cultural and socioeco-
nomic benefits may explain the origin and persistence of 
this behavior  [14, 15] . Indeed, it has been proposed that 
inbreeding may also increase the speed of selection of re-
cessive alleles protecting against diseases such as malaria. 
This would allow a relative fitness of a population under 
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particular ecological conditions, with a potential overall 
genetic benefit that might exceed the genetic cost of in-
breeding  [15] . 

  Impact of Parental Consanguinity on PIDs 

 Unfortunately, the true prevalence of PIDs worldwide 
is not known; however, it is known to vary between popu-
lations from different geographic and ethnic backgrounds. 
Because most PIDs are inherited as AR traits, they would 
be expected to be more common in areas with high rates 
of consanguinity. Available reports from a few countries 
with high rates of consanguineous marriages have re-
vealed a peculiar distribution of PIDs, with a predomi-
nance of severe forms such as CIDs and phagocytic dys-
function, which is in contrast to the predominance of
antibody deficiencies in other populations  [13, 16–21] . 
Furthermore, consanguineous marriages have also been 
found to affect the types of genetic defects causing these 
diseases. For example, deficiencies in major histocompat-
ibility complex class II and recombinase-activating gene 
(RAG) 1 or 2, which are transmitted in an AR pattern, are 
the most common causes of CIDs in the Middle East, 
whereas defects in the IL-2 common γ chain, which are 
XL, are the most common cause of combined PIDs in oth-
er geographic areas and ethnicities  [22] . Another example 
of differences in the genetic defects causing PIDs in differ-
ent populations can be found in chronic granulomatous 
disease. Although XL chronic granulomatous disease rep-
resents approximately two-thirds of chronic granuloma-
tous disease patients in Western countries  [23] , AR forms 
of the disease appear to be the most common in regions 
with higher rates of consanguinity  [24, 25] .

  PID patients with a history of parental consanguinity 
have been found to present with more severe PID pheno-
types, as documented by the high rates of complications 
and unusual infections  [26, 27] , poor overall performance 
status  [28] , and a higher risk of death  [29] . This could be 
due to an overrepresentation of more severe early-onset 
PIDs in these populations. 

  Identification of Novel PIDs 

 The number of human genetic disorders is continu-
ously expanding. In the last 15 years, the molecular de-
fects in approximately 200 PIDs have been defined, and
a genotype-phenotype correlation has been established 
for some of them, with important prognostic and thera-

peutic implications  [30–32] . Due to the availability of 
next-generation sequencing technology in recent years, 
families from areas with a high rate of consanguineous 
marriages have been important for the identification of 
novel and complex phenotypes associated with PIDs 
( table 1 )  [33–48] . Because most of these diseases are in-
herited as AR traits, the identification of patients with 
unique clinical and immunologic manifestations within 
large consanguineous families may enable the identifica-
tion of novel disease-causing genes.  Figure 1  shows an 
example of such a family, in which multiple subjects suf-
fered from early-onset sinopulmonary infections. Labo-
ratory testing demonstrated agammaglobulinemia, 
thrombocytopenia, intermittent neutropenia and mild 
anemia. The immunologic analysis of peripheral blood 
mononuclear cells revealed normal percentages of CD3 +  
T cells and CD19 +  B cells, but a severely decreased per-
centage of CD19 + CD27 +  memory B cells in the patients 
compared with healthy age-matched controls. The prolif-
eration of peripheral blood mononuclear cells to several 
T-cell mitogens and anti-CD3 was significantly decreased 
in the patients compared with the healthy controls. Eight 
patients were cured with hematopoietic stem cell trans-
plantation from HLA-matched siblings. This family is 
currently studied using both linkage analysis and whole-
genome sequencing to identify the culprit gene. 

Table 1.  Novel PID genes identified during the last 3 years by 
studying patients with a history of parental consanguinity

Gene Disease Refer-
ence

LRBA CVID/CID 33
STK4 CID 34
CD27 CID/lymphoproliferation 35
ADAM17 inflammatory skin and bowel disease 36
IL-36RN generalized pustular psoriasis 37
TRIF TRIF deficiency 38
ISG15 predisposition to mycobacterial disease 39
ITK CID 40
CARD11 CID 41
TRAC CID 42
MALT1 CID 43
VPS45 SCN5 44
WIPF1 WAS-like phenotype 45
IL-10R/IL-10 early-onset IBD 46/47
IL21R CID 48

 CVID = Common variable immunodeficiency disorders;
IBD = inflammatory bowel disease; SCN = severe congenital neu-
tropenia; WAS = Wiskott-Aldrich syndrome.
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  Prenatal Diagnosis and Genetic Counseling 

 The burden of PIDs on an individual or country level 
necessitates strategic planning to prevent them or reduce 
their prevalence  [49] . The burdens vary between the dif-
ferent forms of PIDs but are higher in cases of CID, which 
are more common in countries with high rates of consan-
guineous marriage.

  Families known to have PID patients with identified 
genetic mutations should be given the option of pre-mar-
ital carrier testing followed by genetic counseling. Indi-
viduals at high risk of having a child with the disease be-
cause they are carriers for the genetic defect have limited 
options. They may opt to have no more children, which 
may compromise the family and break it apart. They also 
have the option to undergo prenatal diagnosis (PND) 
and, in the case of an affected fetus, may decide to termi-
nate the pregnancy, which is unacceptable in some cul-
tures due to national laws or traditional or religious is-
sues. Undergoing pre-implantation genetic diagnosis 
(PGD) to have healthy children is another option. How-
ever, these options require a collaborative team of immu-
nologists, geneticists and genetic counselors, and the im-
plementation of such interventions and access to genetic 
services may be limited due to geographic, religious, fi-
nancial or social factors  [50] .

  PND for PIDs involves testing the fetus or embryo for 
a known PID in the family to provide the option of preg-
nancy termination. In addition, it may give the family the 
chance to be prepared for the medical, psychological, fi-

nancial and family implications of the disease as well as 
time to expedite the process of medical interventions and 
precautions. These may include hematopoietic stem cell 
transplantation, intravenous immunoglobulins, prophy-
lactic antibiotics and the avoidance of live vaccines. No-
tably, PND requires that the disease-causing gene and 
mutation are known, and the procedure carries the risk 
of fetal loss. 

  PGD was introduced at the beginning of the 1990s as 
an alternative to PND to prevent pregnancy termination 
by couples with a high risk for having offspring affected 
by a genetic disease  [51] . In this procedure, embryos cre-
ated in vitro   are analyzed for well-defined genetic defects, 
and only those   with no genetic mutation are placed into 
the uterus. Embryos can also be selected according to 
their HLA type, so that the resulting child can serve as a 
stem-cell donor for an affected sibling. However, PGD 
carries the risks of misdiagnosis and pregnancy failure 
despite advances in technical applications.

  Future Perspectives: Neonatal Screening for PIDs 

 Newborn screening (NBS) for a number of T and B 
lymphocyte deficiencies is now available and has already 
been implemented in a few countries  [52, 53] . NBS is per-
formed using real-time polymerase chain reaction on 
DNA extracted from blood collected on NBS cards. T 
lymphocyte deficiencies such as severe CID can be de-
tected using the T cell receptor excision circle (TREC) as-

Obligate carrier

Possible carrier

  Fig. 1.  Pedigree of a large highly consan-
guineous family with multiple patients af-
fected by a novel PID. 
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say, while kappa-deleting recombination excision circles 
(KREC) can detect abnormalities in B cell development 
in primary B cell immunodeficiencies  [54] . Both tests 
were found to be cost effective and sensitive  [55, 56] . 
Hence, their implementation in countries with a high fre-
quency of PIDs is crucial and will remarkably improve 
long-term survival and decrease mortality for these dis-
orders.

  Conclusions 

 Despite the impressive changes in demographics, ed-
ucation and social behavior that have occurred over the 
last decades, consanguineous unions are still highly com-
mon in many countries and communities including 
those with favorable socioeconomic conditions and ad-

vanced diagnostic and health care facilities. A decline in 
the prevalence of such unions would be normally expect-
ed. Indeed, in this period of epidemiological transition, 
the lower mortality and morbidity due to infectious dis-
eases and increased rates of mortality and morbidity 
linked to genetic diseases support the need to implement 
plans to increase public awareness of the health burdens 
of consanguineous marriage. However, in some particu-
lar context, one should also consider the sociocultural 
benefits of such marriages. Pre-marital carrier testing, 
genetic counseling and PND should be essential parts of 
the care of PID patients and their families. However, 
these measures should be undertaken with respect to the 
social and religious practices of each community. The 
introduction of NBS programs for PIDs will facilitate 
early diagnosis and improve long-term survival for these 
disorders.
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