
What is Hemophilia?
Hemophilia is a condition, predominantly
affecting males, in which the blood does not clot
properly. Individuals with hemophilia have a
scarcity or lack of a protein called clotting
factor. This causes bleeding to last longer 
than normal.

The two most common forms of hemophilia are
Hemophilia A (classic hemophilia) and
Hemophilia B (Christmas disease). Hemophilia A
is a deficiency of the plasma protein called factor
VIII and Hemophilia B is a deficiency of the
plasma protein called factor IX. Hemophilia A
occurs in about 1 in 5,000 to 10,000 people and
Hemophilia B occurs in about 1 in 40,000
people.1 There are some other very rare types of
hemophilia, as well.2

What causes Hemophilia?
Individuals with
Hemophilia A have a
mutation in a gene called
Factor VIII. Those with
Hemophilia B have a
mutation in a gene called
Factor IX. These genes
both affect blood clotting
and are located on the 
X chromosome.2,3

Hemophilia and X-linked or 
Sex-linked Inheritance
Humans have a total of 46 chromosomes; they
inherit half from the mother and half from the
father. Females have two copies of the “X”
chromosome (XX), whereas males have one 
copy of the “X” and one copy of the “Y”
chromosome (XY). The X and Y chromosomes
do not necessarily carry genes for the same traits.

Disorders associated with
an X-chromosome (called
X-linked or sex-linked
disorders) affect males
more often than females
because males do not have
the extra X  to act as a
back-up (i.e., when there
is an alteration in a gene
on one X chromosome, females have another
copy of that gene to compensate; males do not).

X-linked disorders are transmitted to male
offspring by carrier mothers, who usually have
mild or no symptoms. A carrier has an altered
(mutated) gene on one of her X chromosomes
and an unaltered (working) gene on the other.

There is a 25 percent chance for a female carrier
to have a son with symptoms of hemophilia 
(see illustration, on the next page). The risk
remains constant with each pregnancy. Sometimes
it is only after giving birth to an affected 
son that a mother learns that she carries an 
X-linked condition.



How does genetic testing for
hemophilia A and B work?
A range of mutations causes hemophilia. Families
often have unique mutations. The mutations arose in
the families sometime during the past few hundred
years. It is not uncommon for the unique mutation to
be a genetic alteration not previously described in any
other family.

Two genetic tests are performed for both hemophilia
A and B. One is known as “hemophilia patient
testing” or “full gene analysis.” This test first
identifies the mutation in a family and is ideally
performed on an affected male. The second test is
called “carrier” or “known mutation testing.” Once
the mutation has been found in a family, known
mutation testing is performed to look for that
particular mutation in other family members.

Another way to think about the two different tests is
to imagine that each of our genes is a chapter in a
book. Full gene analysis is like reading through an
entire chapter until the one “typo” is found. Once the
“typo,” or mutation, is found, it is only necessary to
look for that particular mutation. Therefore, in
“known mutation testing,” only the page on which
the “typo” occurred is examined.

Additionally, when the mutation is known in the family,
obstetricians may recommend prenatal diagnosis for
family planning and/or management of pregnancy.

Candidates for Testing
• Individuals with a diagnosis of hemophilia A or B.
• Individuals at risk to be carriers of hemophilia.
• Hemophilia carriers with previously identified

mutations who desire prenatal diagnosis.

Genetic counseling is recommended prior to genetic testing.

Is all hemophilia inherited?
Not all cases of hemophilia are inherited. Hemophilia
can also result from a new mutation in the egg or
sperm from which the child was conceived.4 Up to 1/3
of all cases of hemophilia are the result of a new
mutation.4 Rarely, hemophilia can be acquired during
a lifetime, typically by the development of antibodies
by the body against Factor VIII or Factor IX.

Can hemophilia be cured?
At present, there is no cure for hemophilia; however,
effective treatment is available for patients through
the intravenous administration of synthetic clotting
factor replacements.2
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In the above chart, the mother carries an X chromosome with the
condition (X), but because she also has a healthy copy (X,) she
displays mild or no symptoms. There is a 50/50 chance that her
offspring will inherit the affected chromosome (X). Daughters
that inherit it will also be carriers (XX). Sons that inherit it will
have the condition (XY).



How is testing done?
The simplest and most cost-effective way to do carrier
testing is to first test an affected male. Once a mutation has
been identified in an affected male, testing for that
particular mutation (“known mutation testing”) is
performed for at-risk carriers and for prenatal testing.

What if we can't test an affected male
in my family?
Although not ideal, if there are no affected males available
for testing, the “full gene analysis” test can be performed in
a female. However, an additional test must also be ordered
to detect mutations that are difficult to find in females but
are readily detectable in males. This test is known to
clinicians as “dosage” analysis. Overall, there is a slight risk
of missing a less common mutation when performing the
“full gene test” in a female.

(Note: When the mutation has already been identified in a family,
and the test being performed is “known mutation testing,” the
chance of a false negative is extremely unlikely.)

How is the test performed?
A blood test is performed on the suspected carrier or
affected individual.5 If prenatal testing is desired and a
mutation has been identified in the family, amniocentesis or
CVS is performed by a physician and a sample of the fetal
cells are sent along with a blood sample from the mother.

Who does the testing for hemophilia A
and B?
The City of Hope Molecular Diagnostic Laboratory
(CMDL) performs these tests. For additional information
and Test Request Forms, please visit our Web site at
http://mdl.cityofhope.org.

Will medical insurance cover testing?
Testing is often covered by insurance. Pre-verification for
services must be obtained by City of Hope before testing
begins.* Patients can always contact their insurance
company beforehand to determine coverage. Testing is
held until verification is completed.

If a patient prefers that testing begin immediately, the
patient or institution may offer a guarantee of payment
which would be used only if insurance denies coverage 
for testing. Additional information regarding the
insurance verification process is available at
http://mdl.cityofhope.org or 888-826-4362, ext. 0.

*All HMO’s require the primary physician to obtain pre-authorization for

the services to be rendered.

Resources
National Hemophilia Foundation
116 West 32 Street, 11th Floor, New York, NY 10001 
Phone: 800-424-2634; 212-328-3700  Fax: 212-328-3777 
E-mail: info@hemophilia.org 
Web: www.hemophilia.org

World Federation of Hemophilia
1425 Rene Levesque Boulevard West, Suite 1010
Montreal, Quebec, Canada, H3G 1T7 
Phone: 514-875-7944  Fax: 514-875-8916 
E-mail: wfh@wfh.org
Web: www.wfh.org 
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