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INHERITANCE

Some diseases are genetic in origin and are therefore
passed on in families.  Most of the immune deficiency
diseases are inherited in one of two different modes of
inheritance; x-linked recessive or autosomal recessive.
Laboratory studies can be helpful in establishing the
possible role of genes or chromosomes in a particular
primary immune deficiency disease and family history may
help to identify a particular pattern of inheritance.
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A number of our physical and chemical
characteristics are passed along from

parents to children. Examples of these
include the color of our eyes, our hair
color, and the chemicals that determine
our blood type.  In the same manner,
many of the primary immunodeficiency
diseases are inherited, or passed on, in
families.  The messages that determine
these, and the thousands of other charac-
teristics that make an individual unique,
are called genes. These genes are pack-
aged on long, string-like structures called
chromosomes. Every cell in the body
contains all the chromosomes, and there-
fore all of the genes, necessary for life.

Each of our cells contains 23 pairs of
chromosomes - and therefore 23 sets of
gene pairs. One of each pair of chromo-
somes is inherited from our mother while
the other is inherited from our father.
Since genes are on these chromosomes,
we also inherit one gene (or message) for
a certain characteristic (such as eye color)

from our mother and one gene for the
same characteristic from our father.

During egg and sperm production, the
total number of 46 parental chromo-
somes (23 pairs) is divided in half. One
chromosome of each pair, and only one,
is normally passed on in each egg or
sperm. When fertilization of the egg
occurs, the 23 chromosomes contained
in the egg combine with the 23 chromo-
somes in the sperm to restore the total
number to 46. In this way each parent
contributes half of his/her genetic infor-
mation to each offspring.

All of the chromosomes except the
sex chromosomes are called autosomes
and are numbered from 1-22 according to
size. One additional pair of chromosomes
determines the sex of the individual.
These are called the sex chromosomes
and are of two types, X and Y chromo-
somes. As shown in Figure 1, females
have two X chromosomes, and males
have an X and a Y chromosome. As a
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result of having two X chromosomes,
females can only produce eggs that have
an X chromosome.  In contrast, since
men have both an X and Y chromosome,
half of the sperm produced will contain
an X chromosome, and half will carry a Y
chromosome. The sex of the baby is
determined, therefore, by which type of
sperm fertilizes the egg.

TYPES OF INHERITANCE: Some dis-
eases are genetic in origin and are there-
fore passed on in families. Most of the
immune deficiency diseases are inherited
in one of two different modes of inheri-
tance; X-linked recessive or autosomal
recessive.  Laboratory studies can be
helpful in establishing the possible role of
genes or chromosomes in a particular pri-
mary immune deficiency disease. In addi-
tion, family history information may help
to identify a particular pattern of inheri-
tance, as can comparisons to other fami-
lies with similar problems.

Consult the appropriate handbook
chapter or your physician to learn
whether a particular immune deficiency
disease is genetic, and if so, what form
of inheritance is involved.

X-LINKED RECESSIVE
INHERITANCE

One type of single gene disorder involves
those genes located on the X chromo-
some. Because women have two X chro-
mosomes, they usually do not have prob-
lems when a gene on one X chromo-
some does not work properly. This is
because they have a second X chromo-
some that usually carries a normal gene
and compensates for the abnormal gene
on the affected X chromosome.
However, men have only one X chromo-
some, which is paired with their male-
determining Y chromosome. The Y chro-
mosome does not carry very much active

genetic information.  Therefore, if there is
an abnormal gene on the X chromosome,
the paired Y chromosome has no normal
gene to compensate for the abnormal
gene on the affected X chromosome and
the boy (man) has the disorder. This spe-
cial type of inheritance is called X-linked
recessive.

EXAMPLES of Primary Immune
Deficiency Diseases with X-linked
recessive inheritance:

- X-linked Agammaglobulinemia
- Severe Combined 

Immunodeficiency (one form)
- Chronic Granulomatous Disease 

(one form)
- Wiskott-Aldrich Syndrome

In this form of inheritance, a family histo-
ry of several affected males may be
found. The disease is passed on from
females (mothers) to males (sons). While
the males are affected with the disease,
the carrier females are generally asymp-
tomatic and healthy even though they
carry the gene for the disease. The dia-
gram in Figure 2 illustrates how this kind
of inheritance operates in the usual situa-
tion.

X-Linked agammaglobulinemia is used
as the specific example. Parents in the
situation shown in Figure 2, can have 4
different types of children, with respect
to X-Linked agammaglobulinemia. The X
chromosome is diagrammed as an “X”.
An X chromosome that carries the gene
for agammaglobulinemia is represented
by an “AX”. A normal X chromosome is
represented by an “XN”. A Y chromo-
some is represented by a “YO”.

The mother, who is a carrier, can pro-
duce two kinds of eggs - one containing
an X chromosome carrying the agamma-
globulinemia gene (AX) and one contain-
ing a normal X chromosome (XN). The
father, who is unaffected, can produce
two kinds of sperm - one containing a
normal X chromosome (XN) and one con-
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taining a YO chromosome.
If the egg containing the agamma-

globulinemia X chromosome (AX) com-
bines with (or is fertilized by) the sperm
containing the normal X chromosome,
then a daughter who is a carrier (AX/XN)
is produced; the gene for agammaglobu-
linemia is balanced out by the normal
gene on the other X chromosome. 

If the egg containing the agamma-
globulinemia X chromosome (AX) com-
bines with the sperm containing the Y
chromosome (YO), then a male who is
affected with agammaglobulinemia
(AX/YO) is produced.  In this case there is
no gene on the Y chromosome that cor-
responds to the agammaglobulinemia
gene and only the agammaglobulinemia
gene is active in the child.

If the egg containing the normal X
chromosome (XN) combines with the
sperm containing the normal X chromo-
some (XN) then a normal female (XN/XN)
is produced; in this case the child does
not carry the agammaglobulinemia gene. 

Finally if the egg containing the nor-

mal X chromosome (XN) combines with
the sperm containing the Y chromosome
(YO), then a normal male (XN/YO) results.

The chances for a given egg combin-
ing with a given sperm are completely
random. According to the laws of proba-
bility, the chance for any pregnancy of a
carrier female to result in each of these
outcomes is as follows: 

Carrier female - 1 in 4 chance or 25%
Agammaglobulinemia male - 1 in 4
chance or 25%
Normal female - 1 in 4 chance or 25%
Normal male - 1 in 4 chance or 25%

It should be noted that the outcome of
one pregnancy is not influenced by the
outcome of a previous pregnancy.   Just
as in coin-flipping, the fact that you get a
“heads” on your first toss doesn’t mean
you will get a “tails” on the next.
Similarly if you have a son with agamma-
globulinemia with your first pregnancy
you are not guaranteed to have an unaf-
fected child with your second pregnancy;
your chances of having a son with agam-

CARRIER
MOTHER

UNAFFECTED 
FATHER

SPERMEGGS

CARRIER
FEMALE

AFFECTED
MALE

NORMAL
FEMALE

NORMAL
MALE

XX

X X X Y

XYA         N

XXA         N XYA         O

A N N O

N         O

XYN         OXXN         N

FIGURE 2 X-LINKED RECESSIVE INHERITANCE - CARRIER MOTHER



IDF PATIENT/FAMILY HANDBOOK INHERITANCE

61

maglobulinemia are still 1 in 4 (25%) with
each pregnancy.

In some of the X-linked primary
immunodeficiency diseases, carrier
females can be identified by laboratory
tests; in other of the X-linked primary
immunodeficiency diseases carrier
females can only be identified by the fact
that they have had affected sons. Consult
with your physician or genetic counselor
to learn if carrier detection is available in
your specific situation.

With earlier diagnosis and improved
therapy many young men with X-linked
disorders, such as agammaglobulinemia,
are reaching adult life and having children
of their own. Figure 3 illustrates the kind
of children that a man with X-linked
agammaglobulinemia would have if he
married a woman who did not carry the
gene for agammaglobulinemia.  As can
be seen in Figure 3, all of the daughters
of an affected male would be carrier
females and none of the sons would be
affected.

AUTOSOMAL RECESSIVE
INHERITANCE

If a primary immunodeficiency disease
can only occur if two abnormal genes
(one from each parent) are present in the
patient, then the disorder is inherited as
an autosomal recessive disorder. If an
individual inherits only one gene for the
disorder; then he or she carries the gene
for the disorder but does not have the
disorder itself.

EXAMPLES of autosomal recessive
inheritance:

- Severe Combined Immunodeficiency
(several forms)

- Chronic Granulomatous Disease
(several forms)

- Ataxia Telangiectasia

In this form of inheritance, males and
females are affected with equal frequen-
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cy. Both parents carry the gene for the
disease although they themselves are
healthy.  Figure 4 illustrates how this kind
of inheritance operates in the usual situa-
tion. One form of severe combined
immunodeficiency disease (SCID) is used
as the specific example.  As illustrated in
Figure 4, these parents, each of whom is
a carrier, can have 3 different types of
children with respect to SCID. The chro-
mosome carrying the gene for SCID is
diagrammed as a vertical line with the ini-
tials SCID next to it. The normal chromo-
some is diagrammed as a vertical line
with the initial “N” next to it.  The moth-
er can produce two kinds of eggs - one
containing the chromosome carrying the
SCID gene and one containing a chromo-
some carrying the normal gene. Similarly
the father can produce two kinds of
sperm - one kind containing the chromo-
some carrying the SCID gene and the
other containing the chromosome carry-
ing the normal gene.  If an egg containing

the SCID chromosome combines with a
sperm containing the SCID chromosome,
then a child with SCID is produced; in
this case the child has two genes for
SCID and no normal genes to counteract
them. If an egg containing the chromo-
some carrying the SCID gene combines
with a sperm containing a normal chro-
mosome then a carrier child results; in
this case the gene for SCID is balanced
by a normal gene and the child is well but
still carries the gene for SCID.  Similarly,
if an egg containing the normal chromo-
some combines with a sperm containing
the chromosome carrying the SCID gene,
a carrier child is also produced. Finally if
an egg containing the normal chromo-
some combines with a sperm containing
the normal chromosome, a normal child
who is neither a carrier nor has the dis-
ease is produced. 

The chances for a given egg to com-
bine with a given sperm are completely
random. According to the laws of proba-
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bility the chance for any pregnancy of car-
rier parents to result in each of the fol-
lowing outcomes is as follows:

affected child - 1 in 4 chance or 25%
carrier child - 2 in 4 chance or 50%
normal child - 1 in 4 chance or 25%

It should be noted that the outcome of
one pregnancy is not influenced by the
outcome of a previous pregnancy. Just as
in coin-flipping, the fact that you get a
“heads” on your first toss doesn’t mean
you will get a “tails” on your next.
Similarly if you have a child with SCID
with your first pregnancy you are not
guaranteed a normal child or a carrier
child with your second pregnancy; your
chances of having a child with SCID are
still 25% or 1 in 4 with each pregnancy.

CARRIER
TESTING

In many primary immunodeficiency disor-
ders, carrier parents can be identified by
laboratory tests. Consult with your physi-
cian or genetic counselor to learn if carri-
er detection is available in your specific
situation. 

REPRODUCTIVE
OPTIONS

After the birth of a child with a special
problem, many families face complicated
decisions about future pregnancies. The
risk of recurrence and the burden of the
disorder are two important factors in
those decisions. For instance, if a prob-
lem is unlikely to occur again, the couple
may proceed with another pregnancy
even if the first child’s problem is serious.
Or if the risk of recurrence is high but
good treatment is available, the couple

may be willing to try again. On the other
hand, when both the risk and the burden
are high, the circumstances may seem
unfavorable to some families. These deci-
sions are personal, although important
information can be gained from speaking
to your pediatrician, immunologist, obste-
trician and/or genetic counselor.  

A number of options are available
regarding family planning for families who
have family members with one of the
genetically determined (inherited) primary
immunodeficiency diseases.  In some sit-
uations, prenatal testing of a fetus in the
uterus can determine whether the infant
will be affected by the primary immunod-
eficiency disease.  Chorionic villus sam-
pling (CVS) or amniocentesis can be per-
formed to obtain a fetal sample for chro-
mosome, gene or biochemical testing.
CVS is usually scheduled at 10-13 weeks
of pregnancy and involves the retrieval of
a tiny sample of the developing placenta
from the womb.  Amniocentesis is typi-
cally performed at 16-17 weeks of preg-
nancy and involves the withdrawal of
fluid that surrounds the fetus.  Both pro-
cedures have a small risk of miscarriage
that should be balanced against the bene-
fits of the testing.

Chromosome studies can be per-
formed on cells from CVS or amniocente-
sis.  In addition to determining the chro-
mosome number and structure, this
study will identify the sex of the fetus.
For conditions that are X-linked, identifica-
tion of the sex will help determine
whether the fetus could be affected by
the disease (if male) or a possible carrier
(if female).

The fetal sample can also be used to
provide DNA (deoxyribonucleic acid) for
gene testing.  There are two main types
of DNA studies: direct and indirect.  For
some of the primary immunodeficiency
diseases, specific gene changes, or
mutations, can be identified in affected
individuals.  If the specific change, or
mutation, is known in the affected family
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member who has the disorder, the muta-
tion can then be tested for in the DNA
from a fetal sample obtained during a
subsequent pregnancy.  This direct test-
ing of the DNA for a specific mutation is
the most accurate form of DNA testing.
If a specific mutation has not been identi-
fied, or can not be identified, a family link-
age study may be possible to follow the
mutated gene’s transmission through the
family.  Normal DNA variations near the
gene in question, called polymorphisms
or markers, can be identified in some
families.  The inheritance of these mark-
ers near the gene of concern can then be
used to determine whether the gene has
been passed on to the fetus.  

Finally, for some conditions, biochem-
ical measurement of a particular enzyme
or protein in the fetal cells may provide
an alternative method of testing for the
disorder.  Absence or severe deficiency
of the enzyme produced by the gene
mutation would indicate the presence of
the disorder.

In certain situations, other prenatal
testing techniques may provide informa-
tion about the risk of an affected fetus.
A detailed sonogram at 16-18 weeks of
pregnancy can often identify the sex of
the fetus.  This information can be helpful
to families deciding whether to undergo
amniocentesis for an X-linked disorder.
For some families, testing chorionic villus
or amniotic fluid cells will not provide the
proper information about the fetus’s sta-
tus, but testing of the fetus’s blood will.
This procedure can be performed after 18
weeks of pregnancy and involves the
insertion of a needle into the fetus’s
umbilical cord or liver vein in order to
withdraw a small amount of blood for
testing.

If an affected fetus is identified
through prenatal testing, the couple can
then decide whether they wish to contin-
ue the pregnancy.

Some couples at risk for autosomal
recessive disorders elect to use donor
sperm through a process called artificial
insemination.  Alternatively, in both auto-
somal recessive and X-linked recessive
disorders, donor eggs can be used.  The
risk for an affected child is reduced sub-
stantially by using a donor, as he or she
would be unlikely to be a carrier of the
same condition.  Finally for certain condi-
tions, testing of the early embryo may be
possible after in vitro fertilization (concep-
tion outside the womb).  This process,
called preimplantation diagnosis, allows
for those embryos unaffected with the
genetic condition to be transferred to the
woman’s uterus after which the child is
carried like any other till birth.  Although
this type of procedure is not yet available
for any of the primary immunodeficiency
diseases, it may be available in the
future.

Some couples may choose to adopt a
child, as they do not wish to attempt
another pregnancy themselves.  
Although this process can be frustrating
and lengthy, many couples are successful
in locating a baby or child to join their
family. Finally, the option of maintaining
the current family size may seem best to
some couples. Either because the possi-
bility of having another similarly affected
child is unacceptable or because the
demands of the current family are high,
expansion of the family may not be
desired. 

Careful consideration of these options
is important before decisions can be
reached. In addition, periodic consultation
with the medical staff can be helpful in
keeping current with recent medical
advances that could potentially provide
more information for your family.


