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PREFACE

PREFACE

Over the past few decades, advances in genetics and genomics have revolutionized the way we
think about health. Although genetics has traditionally been associated with pregnancy, birth
defects, and newborn screening, almost every disease is influenced in part by an individual’s
genetic makeup. Therefore, it is important to consider the impact of genetics in health and
disease throughout an individual’s lifetime.

The purpose of this manual is to provide an educational genetics resource for individuals,
families, and health professionals in the New York — Mid-Atlantic region and increase awareness
of specialty care in genetics. The manual begins with a basic introduction to genetics concepts,
followed by a description of the different types and applications of genetic tests. It also provides
information about diagnosis of genetic disease, family history, newborn screening, and genetic
counseling. Resources are included to assist in patient care, patient and professional education,
and identification of specialty genetics services within the New York — Mid-Atlantic region. At
the end of each section, a list of references is provided for additional information. Appendices
can be copied for reference and offered to patients. These take-home resources are critical to
helping both providers and patients understand some of the basic concepts and applications of
genetics and genomics.

The original manual was created by Genetic Alliance with funding from the District of
Columbia Department of Health, through U.S. Department of Health and Human Services
(HHS) Health Resource and Services Administration (HRSA) Grant #5 H91 MC 00228-03.

Genetic Alliance transforms health through genetics. We promote an environment of openness
centered on the health of individuals, families, and communities.

We bring together diverse stakeholders to create novel partnerships in advocacy. Genetic
Alliance’s network includes hundreds of disease-specific advocacy organizations, as well as
universities, companies, government agencies, and policy organizations. The network is an open
space for thousands of shared resources, creative tools, and dozens of focused programs.

We revolutionize access to information to enable translation of research into services and
individualized decision-making. Genetic Alliance offers technical assistance to organizations, builds
and sustains robust information systems, and actively works for public policies that promote the
translation of basic research into therapies and treatments. In particular, Genetic Alliance identifies
solutions to emerging problems and works to reduce obstacles to rapid and effective translation of
research into accessible technologies and services that improve human health. In all we do, we
integrate individual, family, and community perspectives to improve health systems.

Genetic Alliance is supported by a HRSA Collaborative Agreement.

NYMAC, the New York — Mid-Atlantic Consortium for Genetic and Newborn Screening
Services, is one of seven federally-funded regions in the U.S., created to ensure that individuals
with heritable disorders and their families have access to quality care and appropriate genetic
expertise and information. It is funded by HRSA Collaborative Agreement #U22 MC 03956.

This manual is available on the Genetic Alliance website, www.geneticalliance.org/publications, and
on the NYMAC website, www.wadsworth.org/newborn/nymac/resources. html.
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GENETIC ALLIANCE MANDATE FOR QUALITY
GENETIC SERVICES

Access to quality genetics services is critical to healthcare.

6.
7.

. Individuals and families partner with their healthcare providers to identify needs, develop and

monitor treatment plans, and manage their genetic condition.

. Healthcare providers refer individuals to appropriate specialists, as needed, including those

outside of their health insurance plans.

. Providers and payers consider the psychosocial, as well as the medical, effects of a genetic

condition—on both the individual and the individual’s family—at each stage of life.

. Healthcare insurance plans reimburse genetic testing, diagnosis, and treatment

for genetic conditions.

. Quality resources are available to assist individuals and their families in understanding family

health history, signs/symptoms, screening/testing options and their implications, diagnosis,
treatment, and long-term follow-up, as needed.

A healthcare provider with experience in genetic services is available to all individuals.

Providers, payers, and employers create and use policies, guidelines, and procedures to ensure
the appropriate use of genetic information.

. Information about genetic conditions is provided to individuals and families in a culturally-

appropriate manner, which may include primary language, appropriate educational level, and
various media.

. Information about genetic research and clinical trials is available to the affected individuals

and integrated into clinical practice when appropriate.

10. Referrals to support groups and resources are offered at regular office visits.

11. Outpatient, home, and hospital care for individuals with genetic conditions is available

and integrated.



CHAPTER 1 : GENETICS 101

Almost every human trait and disease has a genetic component, whether inherited
or influenced by behavioral factors such as exercise. Genetic components can also
modify the body’s response to environmental factors such as toxins. Understanding
the underlying concepts of human genetics and the role of genes, behavior, and the
environment is important for appropriately collecting and applying genetic and
genomic information and technologies during clinical care. It is important in
improving disease diagnosis and treatment as well. This chapter provides
fundamental information about basic genetics concepts, including cell structure,
the molecular and biochemical basis of disease, major types of genetic disease, laws

of inheritance, and the impact of genetic variation.
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1.1 CeLLs, GENOMES, DNA, AND GENES

Cells are the fundamental structural and functional units of every known living organism.
Instructions needed to direct activities are contained within a DNA (deoxyribonucleic acid)
sequence. DNA from all organisms is made up of the same chemical units (bases) called adenine,
thymine, guanine, and cytosine, abbreviated as A, T, G, and C. In complementary DNA strands,
A matches with T, and C with G, to form base pairs. The human genome (total composition of
genetic material within a cell) is packaged into larger units known as chromosomes—physically
separate molecules that range in length from about 50 to 250 million base pairs. Human cells
contain two sets of chromosomes, one set inherited from each parent. Each cell normally
contains 23 pairs of chromosomes, which consist of 22 autosomes (numbered 1 through 22) and
one pair of sex chromosomes (XX or XY). However, sperm and ova normally contain half as
much genetic material: only one copy of each chromosome.

Each chromosome contains many genes, the basic physical and functional units of heredity.
Genes are specific sequences of bases that encode instructions for how to make proteins. The
DNA sequence is the particular side-by-side arrangement of bases along the DNA strand (e.g.,
ATTCCGGA). Each gene has a unique DNA sequence. Genes comprise only about 29 percent
of the human genome; the remainder consists of non-coding regions, whose functions may
include providing chromosomal structural integrity and regulating where, when, and in what
quantity proteins are made. The human genome is estimated to contain 20,000 to 25,000 genes.

Although each cell contains a full complement of DNA, cells use genes selectively. For example, the
genes active in a liver cell differ from the genes active in a brain cell because each cell performs different
functions and, therefore, requires different proteins. Different genes can also be activated during
development or in response to environmental stimuli such as an infection or stress.

1.2 TYyPES OF GENETIC DISEASE

Many, if not most, diseases are caused or influenced by genetics. Genes, through the proteins
they encode, determine how efficiently foods and chemicals are metabolized, how effectively
toxins are detoxified, and how vigorously infections are targeted. Genetic diseases can be
categorized into three major groups: single-gene, chromosomal, and multifactorial.

Changes in the DNA sequence of single genes, also known as mutations, cause thousands

of diseases. A gene can mutate in many ways, resulting in an altered protein product that

is unable to perform its normal function. The most common gene mutation involves a change
or “misspelling” in a single base in the DNA. Other mutations include the loss (deletion)

or gain (duplication or insertion) of a single or multiple base(s). The altered protein product
may still retain some normal function, but at a reduced capacity. In other cases, the protein may
be totally disabled by the mutation or gain an entirely new, but damaging, function. The
outcome of a particular mutation depends not only on how it alters a protein’s function, but
also on how vital that particular protein is to survival. Other mutations, called polymorphisms,
are natural variations in DNA sequence that have no adverse effects and are simply differences
among individuals.

In addition to mutations in single genes, genetic diseases can be caused by larger mutations in
chromosomes. Chromosomal abnormalities may result from either the total number of
chromosomes differing from the usual amount or the physical structure of a chromosome
differing from the usual structure. The most common type of chromosomal abnormality is
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Imace Creprt: U.S. Department of Energy Human Genome Program, hzep:/fwww.ornl.gov/hgmis.

known as aneuploidy, an abnormal number of chromosomes due to an extra or missing
chromosome. A usual karyotype (complete chromosome set) contains 46 chromosomes
including an XX (female) or an XY (male) sex chromosome pair. Structural chromosomal
abnormalities include deletions, duplications, insertions, inversions, or translocations of a
chromosome segment. (See Appendix F for more information about chromosomal abnormalities.)

Multifactorial diseases are caused by a complex combination of genetic, behavioral, and
environmental factors. Examples of these conditions include spina bifida, diabetes, and heart
disease. Although multifactorial diseases can recur in families, some mutations such as cancer
can be acquired throughout an individual’s lifetime. All genes work in the context of
environment and behavior. Alterations in behavior or the environment such as diet, exercise,
exposure to toxic agents, or medications can all influence genetic traits.

1.3 LAWS OF INHERITANCE

The basic laws of inheritance are useful in understanding patterns of disease transmission.
Single-gene diseases are usually inherited in one of several patterns, depending on the location
of the gene (e.g., chromosomes 1-22 or X and Y) and whether one or two normal copies of
the gene are needed for normal protein activity. Five basic modes of inheritance for single-gene
diseases exist: autosomal dominant, autosomal recessive, X-linked dominant, X-linked recessive,
and mitochondria. (See diagram on following page.)

Genetics 101
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CHAPTER I : Genetics 101

1.4 GENETIC VARIATION

All individuals are 99.9 percent the same
genetically. The differences in the sequence of
DNA among individuals, or genetic variation,
explain some of the differences among people
such as physical traits and higher or lower risk
for certain diseases. Mutations and
polymorphisms are forms of genetic variation.
While mutations are generally associated with
disease and are relatively rare, polymorphisms
are more frequent and their clinical significance
is not as straightforward. Single nucleotide
polymorphisms (SNPs, pronounced “snips”)

are DNA sequence variations that occur when a
single nucleotide is altered. SNPs occur every
100 to 300 bases along the 3 billion-base human
genome. A single individual may carry millions

of SNDPs.

Although some genetic variations may cause or modify disease risk, other changes may result in
no increased risk or a neutral presentation. For example, genetic variants in a single gene account
for the different blood types: A, B, AB, and O. Understanding the clinical significance of genetic
variation is a complicated process because of our limited knowledge of which genes are involved
in a disease or condition and the multiple gene-gene and gene-behavior-environment
interactions likely to be involved in complex, chronic diseases. New technologies are enabling
faster and more accurate detection of genetic variants in hundreds or thousands of genes in a
single process.

SELECTED REFERENCES
Department of Energy, Human Genome Project Education Resources

www.ornl.govlsciltechresources/Human_Genomeleducation/education.shtml

Genetics Home Reference
www.ghr.nlm.nih.gov

National Human Genome Research Institute
www.genome.gov/health

Online Mendelian Inheritance in Man
www.ncbi.nlm.nib.govlentrez/query. fegizdb=omim

9






CHAPTER 2 : DIAGNOSIS OF A GENETIC DISEASE

Advances in understanding the genetic mechanisms behind disease enable the
development of early diagnostic tests, new treatments, or interventions to prevent
disease onset or minimize disease severity. This chapter provides information
about the importance of clinical signs that may be suggestive of a genetic
disease, family history, the different uses of genetic testing, and the different types

of genetic diseases.

Mutations may be inherited or developed in response to environmental stresses
such as viruses or toxins. The ultimate goal of this manual is to use this information

to treat, cure, or, if possible, prevent the development of disease.
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2.1 HISTORY AND PHYSICAL EXAMINATION

Diagnosing genetic disease requires a comprehensive clinical
examination composed of three major elements:

1. Physical examination

2. Detailed medical family history

3. Clinical and laboratory testing, if appropriate
and available

Although primary care providers may not always be able to make
a definitive diagnosis of a genetic disease, their role is critical in
collecting a detailed family history, considering the possibility of
a genetic disease in the differential diagnosis, ordering testing as
indicated, and when available, appropriately referring patients to
genetic specialists.

2.2 RED FLAGS FOR GENETIC DISEASE

Several factors indicate the possibility of a genetic disease in a Imace Creprt: U.S. Department of
differential diagnosis. One major factor is the occurrence of a Energy Human Genome Program,
www.ornl.gov/hgmis.

condition among family members that is disclosed when the family

history is obtained (see Chapter 3, Pedigree and Family History-taking). The occurrence

of the same condition such as multiple miscarriages, stillbirths, or childhood deaths in more
than one family member (particularly first-degree relatives) is suggestive of a genetic disease.
Additionally, family history of common adult conditions (e.g., heart disease, cancer, and
dementia) that occur in two or more family members at relatively young ages may also suggest
a genetic predisposition.

Other clinical symptoms suggestive of a genetic disease include developmental delay, mental
retardation, and congenital abnormalities. Dysmorphologies (unusual physical features), as well
as growth problems, can be suggestive of a genetic disorder. Although these clinical features may
be caused by a number of factors, genetic conditions should be considered as part of the
differential diagnosis, particularly if the patient expresses several clinical features together that
might be indicative of a syndrome (e.g., mental retardation, distinct facial features, and a heart
defect or heart defects). Some physical features such as wide-set or droopy eyes, flat face, short
fingers, and tall stature may appear unique or slightly different than the average. Even though
these rare and seemingly mild features may not immediately be suggestive of a genetic disease to
a primary care provider, an evaluation by a genetics specialist may be helpful in identifying the
presence of a genetic disease.

Genetic conditions should not be ruled out in adolescents or adults, though many genetic
conditions appear during childhood. Genetic diseases can remain undetected for several years
until an event such as puberty or pregnancy triggers the onset of symptoms or the accumulation
of toxic metabolites results in disease later in life.
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2.3 USeS oF GENETIC TESTING

Genetic tests can be used for many different purposes, some of which are listed in Table 2.1.

* Newborn screening is the most widespread use of genetic testing. (See Chapter 4 for more
information about newborn screening.) Almost every newborn in the United States is screened
for a number of genetic diseases. Early detection of these diseases can lead to interventions to
prevent the onset of symptoms or minimize disease severity.

* Carrier testing can be used to help couples learn if they carry—and

thus risk passing to their children—an allele (variant form of the Tablesa1

Uses of Genetic Tests

same gene) for a recessive condition such as cystic fibrosis, sickle cell
e Newborn Screening

e Carrier Testing

¢ Prenatal Diagnosis

¢ Diagnostic/Prognostic

e Predictive/Predispositional

anemia, or Tay-Sachs disease. This type of testing is typically offered
to individuals who have a family history of a genetic disorder or
people in ethnic groups with an increased risk of specific genetic
conditions. If both parents are tested, the test can provide

information about a couple’s chance of having a child with a specific

genetic condition.

Prenatal diagnostic testing is used to detect changes in a fetus’ genes or chromosomes. This
type of testing is offered to couples with an increased risk of having a baby with a genetic or
chromosomal disorder. A tissue sample for testing can be obtained through amniocentesis or

chorionic villus sampling (see Appendix H).

Genetic tests may be used to confirm a diagnosis in a symptomatic individual or used to
monitor prognosis of a disease or response to treatment (see Appendix G).

Predictive or predispositional testing can identify individuals at risk of getting a disease prior
to the onset of symptoms. These tests are particularly useful if an individual has a family
history of a specific disease and an intervention is available to prevent the onset of disease

or minimize disease severity. Predictive testing can identify mutations that increase a person’s
risk of developing conditions with a genetic basis such as certain types of cancer.

2.4 TYPES OF GENETIC TESTING

Several different methods are currently used in genetic testing laboratories. The type of test will
depend on the type of abnormality being measured. In general, three major types of genetic
testing are available: cytogenetic, biochemical, and molecular.

2.4.1 Cyrogenetic Testing. Cytogenetics involves the examination of whole chromosomes for
abnormalities. Chromosomes of a dividing human cell can be analyzed clearly under a
microscope. White blood cells, specifically T lymphocytes, are the most readily accessible cells
for cytogenetic analysis because they are easily collected from blood and are capable of rapid
division in cell culture. Cells from tissues such as bone marrow (for leukemia), amniotic fluid
(for prenatal diagnosis), and other tissue biopsies can also be cultured for cytogenetic analysis.
Following several days of cell culture, chromosomes are fixed, spread on microscope slides, and
then stained. The staining methods for routine analysis allow each of the chromosomes to be
individually identified. The distinct bands of each chromosome revealed by staining allow for
analysis of chromosome structure.
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2.4.2 Biochemical Testing. The enormous numbers of biochemical reactions that routinely occur
in cells require different types of proteins. Several classes of proteins such as enzymes,
transporters, structural proteins, regulatory proteins, receptors, and hormones exist to fulfill
multiple functions. A mutation in any type of protein can result in disease if the mutation
results in failure of the protein to function correctly. (See Table 2.2 for types of protein
alterations that may result in disease.)

Clinical testing for a biochemical disease uses
Table 2.2 Types of Protein Changes techniques that examine the protein instead of the gene.
Resulting in Altered Function Tests can be developed to measure directly protein

« No protein made activity (enzymes), level of metabolites (indirect

e Too much or too little protein made
e Misfolded protein made
e Altered active site or other critical region
e Incorrectly modified protein
e Incorrectly localized protein
(buildup of protein)
e Incorrectly assembled protein

measurement of protein activity), and the size or
quantity of protein (structural proteins). These tests
require a tissue sample in which the protein is present,
typically blood, urine, amniotic fluid, or cerebrospinal
fluid. Since proteins are less stable than DNA and can
degrade quickly, the sample must be collected, stored
properly, and shipped promptly according to the

laboratory’s specifications.

2.4.3 Molecular Testing. For small DNA mutations, direct DNA testing may be the most
effective method, particularly if the function of the protein is unknown and a biochemical test
cannot be developed. A DNA test can be performed on any tissue sample and requires very
small amounts of sample. Some genetic diseases can be caused by many different mutations,
making molecular testing challenging. For example, more than 1,000 mutations in the cystic
fibrosis transmembrane conductance regulator (CFTR) gene can cause cystic fibrosis (CF).

It would be impractical to examine the entire sequence of the CFTR gene routinely to identify
the causative mutation because the gene is quite large. However, since the majority of CF

cases are caused by approximately 30 mutations, this smaller group of mutations is tested before
more comprehensive testing is performed. (See Appendix I for more information on genetic
testing methodologies.)

SELECTED REFERENCES
American College of Medical Genetics

PATIENTS AND HEALTH PROFESSIONALS

www.acmg. net

Gelehrter TD, Collins FS, Ginsburg D. Principles of Medical Genetics. 2nd Edition.
Baltimore: Williams & Wilkins; 1998.

Genelests
wwuw.genetests.org
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Mahowald MB, McKusick VA, Scheuerle AS, Aspinwall TJ (eds). Genetics in the Clinic:
Clinical, Ethical, and Social Implications for Primary Care. St. Louis: Mosby, Inc.; 2001.

Scriver CR, Beaudet AL, Sly WS, Valle D (eds). 7he Molecular and Metabolic Basis of Inberited
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CHAPTER 3 : PEDIGREE AND FAMILY HISTORY-TAKING

Healthcare professionals have long known that common diseases (e.g., heart
disease, cancer, and diabetes) and rare diseases (e.g., hemophilia, cystic fibrosis, and
sickle cell anemia) can run in families. For example, if one generation of a family
has high blood pressure, it is not unusual for the next generation to have similarly
high blood pressure. Family history can be a powerful screening tool and has often
been referred to as the best “genetic test.” Family history should be updated on

each visit, and patients should be made aware of its significance to their health.

(See Appendix D for the Healthcare Provider Card.)
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3.1 IMPORTANCE OF FAMILY HISTORY

Family history holds important information
about an individual’s past and future life. Family
history can be used as a diagnostic tool and help
guide decisions about genetic testing for the
patient and at-risk family members. If a family is
affected by a disease, an accurate family history
will be important to establish a pattern of
transmission. A family history can also identify
potential health problems such as heart disease,
diabetes, or cancer that an individual may be at
increased risk for in the future. Early
identification of increased risk may allow the
individual and health professional to take steps
to reduce risk by implementing lifestyle changes,
introducing medical interventions, and/or
increasing disease surveillance.

Although providers may be familiar with

childhood-onset genetic conditions, many complex, adult-onset conditions can also run in
families. For example, about 5 to 10 percent of all breast cancers are hereditary. These cancers
may be caused by mutations in particular genes such as BRCA1 or BRCA2. The U.S. Preventive
Services Task Force (USPSTF) recommends that doctors and patients be aware of family history
patterns associated with an increased risk for BRCA mutations.

Another example of an adult-onset disease that can be inherited is Alzheimer’s disease. Although
most Alzheimer’s disease cases are not seen in many consecutive generations, a small number of
cases are hereditary. Hereditary Alzheimer’s disease is an extremely aggressive form of the disease
and typically manifests before the age of 65. Three genes that cause early-onset Alzheimer’s
disease have been identified to-date.

Despite the importance of family history in helping define occurrence of a genetic disorder
within a family, it should be noted that some genetic diseases—such as single-gene disorders like
Duchenne muscular dystrophy and hemophilia A, as well as most cases of Down syndrome,
chromosomal deletion syndromes, and other chromosomal disorders—are caused by
spontaneous mutations. Therefore, a genetic disorder cannot be ruled out in the absence of a
family history.



CHAPTER 3 : Pedigree and Family History-taking

3.2 How 10 TAKE A FAMILY MEDICAL HISTORY

A basic family history should include three generations. To begin taking a family history,
healthcare professionals start by asking the patient about his/her health history and then ask
about siblings and parents.

Questions should include:

1. General information such as names and birthdates

2. Family’s origin or racial/ethnic background

3. Health status, including medical conditions and ages at diagnoses
4. Age at death and cause of death of each deceased family member
5. Pregnancy outcomes of the patient and genetically-related relatives

It may be easier to list all the members of the nuclear family first, then go back and ask about
the health status of each one. After you have taken the family history of the patient’s closest
relatives, go back one generation at a time and ask about aunts, uncles, grandparents, and first
cousins.

3.3 PEDIGREES

One can record a family history in several ways, including charts, checklists, forms, and
drawings of a family tree or “pedigree.” Pedigrees are sometimes the preferred method

of collecting family history information because a pedigree can be drawn more quickly

than the information can be written and allows patterns of disease to emerge as it is drawn. A
pedigree represents family members and relationships using standardized symbols (see Pedigree
Symbols below). Because the family history continually changes, the pedigree can be updated
easily on future visits. Patients should be encouraged to record information and update their
family histories regularly.

PEDIGREE SYMBOLS

I:I O WHAT IF INFORMATION ABOUT
FAMILY MEMBERS IS LIMITED?

Male Female
| 1. If you do not know names and ages
: of family members, but do know the
|:|:|:| Z number of boys and the number of girls,
Adopted Deceased you can do this:

Diagonal line used
to show that a
person has died Example: This shows that there are

5 boys and 3 girls.

Pregnancy loss Stillbirth

Include the Include the
pumber of weeks pumber of weeks
if known if known 2. If you do not know the number of boys

and the number of girls, use a diamond

|:| / : with number inside it (if total is known) or a “?.”

D!vorced/ not together Example: This shows that there
Diagonal line used to

show parents are divorced are 8 children.
or not together

17
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The sample pedigree below contains information such as age or date of birth (and age at death
and cause of death for all deceased family members), major medical problems (with age of
onset), birth defects, learning problems and mental retardation, and vision or hearing loss at a
young age. For family members with known medical problems, ask if they smoke, what their
diet and exercise habits are, and if they are overweight.

SAMPLE PEDIGREE

Mexico England and Germany
Grandfather | Grandmother Grandfather | Grandmother
65 85 60s 705
Heart Colon Breast cancer
attack cancer diagnosed 68
Pregnancy :
loss @ |:|:|
8 weeks / |:
Uncle Aunt Father Mother Uncle
62 47 50 49 adopted
High High blood 47
cholesterol pressure
Igg} O Twins
First cousins First cousin O Non-identical
305 —40s 23 Brother Sister  YOU ':Zlf's'Ster 20
22 ::? b f 5 Same mother
|_Ij ub foot different father
Nephew Niece
2 6 months

SELECTED REFERENCES
Bennett RL. 7he Practical Guide to the Genetic Family History. New York: Wiley-Liss, Inc.; 1999.

Centers for Disease Control and Prevention. Office of Genomics and Disease Prevention.
Using Family History to Promote Health.
wwuw.cde.gov/genomics/public/fambist. htm

Genetic Alliance. Taking a Family History; 2004.
www.geneticalliance.orglws_display.asp?filter=fhh

March of Dimes—Genetics and Your Practice. www.marchofdimes.com/gyponlinelindex.bm?2

My Family Health Portrait
Jamilybistory. hbs.gov

U.S. Department of Health and Human Services. U.S. Surgeon General's Family Health
Initiative; 2004.
www. hhs.gov/familybistory/



CHAPTER 4 : NEWBORN SCREENING

Almost every child born in the United States undergoes state-mandated newborn
screening. In each state, a small blood sample (“heel stick”) is collected within 48
hours of birth. The sample is sent to a laboratory and tested for a panel of medical
conditions. State newborn screening panels include testing for an ever-increasing
number of conditions. Every year, over 100,000 newborns have an abnormal
screen for one of these conditions. In the event that a newborn is affected by one
of the diseases screened for, early medical intervention can reduce the severity of
the condition and possibly even prevent symptoms from occurring. This chapter
provides an overview of newborn screening programs in the New York — Mid-
Atlantic region. In the U.S., newborn screening programs are state-mandated, and
each state’s list of screened conditions varies. Efforts are underway to develop a
consistent panel to be used throughout the U.S. New technologies have enabled

substantial expansion of newborn screening programs.
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4.1 OVERVIEW OF NEWBORN SCREENING

By state law, all newborns are screened for various
serious medical conditions. Babies with any of these
conditions may look healthy at birth; bu, if left
untreated, these conditions can cause health problems
such as mental retardation, slow growth, and even
death. These outcomes may be prevented with
treatment and long-term follow-up.

Newborn screening programs began in the U.S. in the
1960s with the work of Dr. Robert Guthrie, who
developed a screening test for phenylketonuria (PKU).
PKU is an inherited metabolic disease caused by a
mutation of the gene for an enzyme responsible for
metabolism of the amino acid phenylalanine. Children

who are identified early can avoid foods with
phenylalanine, thereby avoiding buildup of the amino acid, which would otherwise lead to
brain damage and mental retardation. When Dr. Guthrie introduced a system for collecting
and transporting blood samples on filter paper, cost-effective, wide-scale genetic screening
became possible.

4.1.1 Screening Procedure and Follow-up. A nurse or other medical professional takes a few drops
of blood from the baby’s heel. The blood should be drawn after the baby is 24 hours old, but
before the baby leaves the hospital. This blood sample is sent to a newborn screening laboratory.
The baby’s doctor contacts the parent(s) if the results are not in normal range for any of the
screened conditions. If this scenario occurs, follow-up testing may be required.

4.1.2 Retesting. Sometimes a baby must be screened again. This does not necessarily mean that a
medical condition is present. Retesting may need to be done if:

* The blood sample was taken before the baby was 24 hours old
* A problem occurred with the way the blood sample was taken
* The first test showed risk of a possible medical condition

The baby’s doctor or the state’s newborn screening program will contact the parent(s) if retesting
is necessary. It is important to get this testing done right away.

4.1.3 Clinical Evaluation and Diagnostic Testing. Occasionally, the results of the newborn screen
strongly suggest that the infant has one of the conditions. The newborn screening program
notifies one of four specialty-care centers, depending on which test was abnormal. The
specialties are metabolic, cystic fibrosis, endocrine, and hematology. The parents will be notified
by the newborn screening program, the primary physician, the hospital of birth, or the specialty-
care center, depending on the newborn screening program’s protocol. If this happens, it is
extremely important that the parents bring their child to the specialist as soon as possible,
sometimes that very day, for further evaluation and laboratory testing.

4.1.4 Treatment. The treatment for each condition is different and may include a special diet,
hormones, and/or medications. It is very important to start the treatment of affected infants as
soon as possible.
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4.1.5 Tests Performed. Completed tests vary from state to state. Typically, each state has an

advisory committee that reviews and selects which conditions are screened for based on current

scientific and clinical data. Social and ethical issues are also included in the decision-making

process. Increasingly, tandem mass spectrometry is being used for newborn screening. This

technology is capable of screening for over 50 metabolic conditions from dried blood-spot

specimens. In 1999, the American College of Medical Genetics released a report commissioned

by the U.S. Health Resources and Services Administration recommending a uniform screening

panel of 29 genetic conditions. Efforts are under way to examine the feasibility of instituting a

uniform newborn screening policy so that every infant is screened for the same conditions,

regardless of the state in which he or she is born. In general, the conditions on newborn

screening panels fall into one of the following groups: metabolic conditions, endocrine

conditions, hemoglobin conditions, and pulmonary conditions.

For information on the diseases tested for in a particular state, contact that state’s newborn screening

program or the National Newborn Screening and Genetics Resource Center (genes-r-us.uthscsa.edu).

Screening for more conditions may be available at other laboratories for a fee.

4.2 NEWBORN SCREENING PROGRAMS

Delaware

Delaware Health and Social Services,
Division of Public Health

Delaware Public Health Laboratory

30 Sunnyside Road

PO. Box 1047

Smyrna, DE 19977

Ph: 302.223.1520

www.dhss.delaware.gov/dhss/dph/chcaldphnsp 1.

html

District of Columbia

District of Columbia Department of Health
Newborn Screening Program

825 North Capital Street, NE

Washington, DC 20002

Ph: 202.650.5000
www.dchealth.dc.gov/doh/site/default. asp

Maryland

Maryland Department of Health and
Mental Hygiene

Division of Newborn and
Childhood Screening

201 West Preston Street, Room 1A6

Baltimore, MD 21201

Ph: 410.767.6099

www.fha.state.md. us/genetics/newprog. cfin

New Jersey

New Jersey Department of Health and
Senior Services

Public Health and Environmental Laboratories

Newborn Genetic and Biochemical
Screening Program

Health and Agriculture Building

Market & Warren Streets, PO. Box 371

Trenton, NJ 08625

Ph: 609.292.4811

www.state.nj.us/health/fhs/nbs/index.shtml

New York

New York State Department of Health
Wadsworth Center

Newborn Screening Program

Empire State Plaza, PO. Box 509
Albany, NY 12201

Ph: 518.473.7552

www.wadsworth.org/newborn

Pennsylvania

Pennsylvania Department of Health
Bureau of Family Health

Division of Newborn Screening
Health and Welfare Building

7th and Forster Streets

7th Floor, East Wing

Harrisburg, PA 17120

Ph: 717.783.8143

www.dsf. health.state.pa.us/health/cwplview.asp’a
=179¢9=232592
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Virginia West Virginia

Virginia Department of Health West Virginia Department of Health and
Division of Child and Adolescent Health Human Resources

Pediatric Screening and Genetic Services Office of Maternal, Child, and Family Health
109 Governor Street, 8t Floor Newborn Metabolic Screening Program
Richmond, VA 23219 350 Capitol Street, Room 427

Ph: 804.864.7712 Charleston, WV 25301
www.vahealth.org/genetics Ph: 304.558.5388

www.wvdhhr.org/nbms

4.3 NEWBORN HEARING SCREENING

Hearing loss is a common condition
present in as many as one in every 300

_ babies. When hearing loss goes
undetected, even for just a year or two,
serious delays in speech and language can
result. When hearing loss is discovered in
infancy, treatment can be started early
enough to prevent or lessen these delays.

4.3.1 Screening Procedure. Babies are
usually screened in the first few days of

W - ™
\ 3

painless, is done by one of two methods: otoacoustic emissions (OAE) or automatic brainstem

life, before they are discharged from the

— hospital. The screen, which is quick and

response (ABR). Both of these methods involve placing tiny earplugs in the ear canals or
earphones on the ears and using a computer to measure the baby’s reactions to sound. The OAE
test measures how the baby’s inner ear responds to sound, and the ABR test measures how the
brain responds to sound. Typically, testing is done when the baby is asleep and unaware of the
testing. Passing the hearing screening indicates that the baby’s hearing is within the normal range
at the time of the test. However, some babies with a family history of hearing loss, repeated ear
infections, or serious illness may develop hearing loss later. The child’s hearing and speech
should be monitored as he or she grows.

4.3.2 Retesting. Babies who do not pass the first screening are retested and may be referred

to an audiologist (hearing specialist). The second screening should occur while the baby is still
in the hospital or within two weeks after leaving the hospital. If the baby does not pass the
initial hearing screening, it does not mean that the baby has permanent hearing loss since most
babies who do not pass the first hearing screening pass the second screening. Often, babies can
have fluid, blockage, or debris in the ear that clears naturally. If further testing shows that a baby
has hearing loss, an audiologist along with an ear, nose, and throat specialist can best determine
the next steps.

4.3.3 Treatment. Treatment will depend on the type and degree of hearing loss. If hearing
loss is permanent, treatment options include hearing aids, cochlear implants, or early
intervention services.
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4.4 NEWBORN HEARING SCREENING PROGRAMS

Delaware

Delaware Health and Social Services,
Division of Public Health

Delaware Newborn Hearing
Screening Program

655 Bay Road, Suite 216

Dover, DE 19903

Ph: 302.741.2975

www.dbss.delaware.gov/dhss/dph/chcal

dphnhsp1.html

District of Columbia

District of Columbia Department of Health
Newborn Hearing Screening Program

825 North Capital Street NE, 314 Floor
Washington, DC 20002

Ph: 202.671.5000

Maryland

Maryland Department of Health and
Mental Hygiene

Office of Genetics and Children with
Special Health Care Needs

Infant Hearing

201 West Preston Street, Room 423A

Baltimore, MD 21201

Ph: 410.767.6432

www.fha.state.md.us/genetics/inf”_hrg.cfm

New Jersey

New Jersey Department of Health and
Senior Services

Early Hearing Detection and
Intervention Program

50 East State Street, PO. Box 364

Trenton, NJ 08625

Ph: 609.292.5676

www.nj.govihealth/fhs/ehdi/index.shtml

New York

New York State Department of Health
Division of Family Health

Early Intervention Program

Empire State Plaza

Corning Tower, Room 287

Albany, NY 12237

Ph: 518.473.7016
www.health.state.ny.us/community/infants_child
renfearly_intervention/newborn_hearing_screening

Pennsylvania

Pennsylvania Department of Health

Pennsylvania Newborn Hearing Screening and
Intervention Program

Health and Welfare Building

7th and Forster Streets

7t Floor, East Wing

Harrisburg, PA 17108

Ph: 717.783.8143

www.dsf-health.state. pa.us/health/ CWPlview.asp?

A=179¢QUESTION _ID=232585

Virginia

Virginia Department of Health

Virginia Early Hearing, Detection, and
Intervention Program

109 Governor Street, 8th Floor

Richmond, VA 23219

Ph: 804.864.7713

www.vahealth.orglhearing

West Virginia

West Virginia Department of Health and
Human Resources

Office of Maternal, Child, and Family Health

Right From The Start Project

Department of Health

350 Capitol Street, Room 427

Charleston, WV 25301

Ph: 304.558.5388

www.wvdhbr.orglrfis/mewbornbearing.asp
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Advisory Committee on Heritable Disorders and Genetic Diseases in Newborns and Children
www. hrsa.gov/heritabledisorderscommitree/

American Academy of Pediatrics, Newborn Screening Overview
www.medicalhomeinfo.org/screening/newborn.hrml

Centers for Disease Control and Prevention, Early Hearing Detection and
Intervention Program
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March of Dimes
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CHAPTER 5 : GENETIC COUNSELING

As members of a healthcare team, genetic counselors provide information and
support to families affected by or at risk for a genetic disorder. They serve as a
central resource of information about genetic disorders for other healthcare
professionals, patients, and the general public. This chapter provides an overview
of the role of genetic counselors and their approach to educating patients
and identifying individuals/families at risk of a genetic disorder. Patient resources

are also provided.
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5.1 ROLE oF GENETIC COUNSELING

Genetic counselors help identify families at possible risk of a genetic condition by gathering and
analyzing family history and inheritance patterns and calculating chances of recurrence. They
provide information about genetic testing and related procedures. They are trained to present
complex and difficult-to-comprehend information about genetic risks, testing, and diagnosis

to families and patients. Genetic counselors can help families understand the significance of
genetic conditions in relation to cultural, personal, and familial contexts. They also discuss
available options and can provide referrals to educational services, advocacy and support groups,
other health professionals, and community or state services. Genetic counselors can serve as a
central resource of information about genetic conditions for other healthcare professionals,
patients, and the general public. (See Appendix O for Making Sense of Your Genes: A Guide to
Genetic Counseling.)

5.2 PROCESS OF GENETIC COUNSELING

In general, a genetic counseling session aims to:

* Increase the family’s understanding of a genetic condition

* Discuss options regarding disease management and the risks and benefits of further
testing and other options

* Help the individual and family identify the psychosocial tools required to cope with
potential outcomes

* Reduce the family’s anxiety

It is not unusual for multiple genetic counseling sessions to occur and, at a minimum, to include
a pre-testing and post-testing session. During the initial genetic counseling visit, the genetic
counselor will determine why the patient/family is seeking genetic counseling, identify what
information they wish to obtain from the session, collect and record a family medical history,
and assess and record the medical and psychosocial history of the patient.

Among the topics that may be discussed during a pre-testing session are the clinical presentation
of the condition(s) the patient may be at risk for, pattern of genetic inheritance of the condition,
chance of recurrence, available testing procedures and test limitations, reproductive options, and
follow-up procedures, if needed. General questions relating to suggested treatment or therapy are
also addressed. Referrals may be made to specialists regarding specific issues that fall outside the
scope of genetic counseling practice.

If the patient decides to have genetic testing performed, the genetic counselor often acts as

the point person to communicate the results. However, the post-test session involves more than
the provision of medical information and often focuses on helping families cope with the
emotional, psychological, medical, social, and economic consequences of the test results. In
particular, psychological issues such as denial, anxiety, anger, grief, guilt, or blame are addressed,
and, when necessary, referrals for in-depth psychosocial counseling are offered. Information
about community resources and support groups can be provided to the patient/family.

If the genetic test is positive, testing may be considered for additional relatives of the
individual. Genetic counseling referrals for other family members for risk assessment may
be discussed. It may be necessary to refer relatives to other genetic counselors due to
geographical and other constraints.
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At the conclusion of the final genetic
counseling session, the patient may receive
a written summary of the major topics
discussed. The summary is often provided
in the form of a letter, which serves as a
permanent record of the information
discussed and can include additional
information that became available after the
final counseling session. The patient may
choose to share the letter with other family
members or healthcare providers.

5.3 PATIENT EDUCATION

Many patients rely heavily on their primary
healthcare providers for information related

to their condition. In general, though,
patients will require information providers may not have. Before providing patients with any
educational materials, providers should be sure to check that the information is current and
produced by a credible source.

Books and pamphlets are appreciated by patients, even those who are web-savvy. Patient
advocacy groups generally provide the best and most up-to-date information. The organizations
listed on the following page are excellent sources of information about genetic diseases that can

be helpful to patients.

27
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Genetic Alliance

4301 Connecticut Avenue, N'W, Suite 404
Washington, DC 20008

Ph: 202.966.5557

Fax: 202.966.8553

Email: info@geneticalliance.org
www.geneticalliance.org

Genetic and Rare Diseases Information
Center (GARD)

P.O. Box 8126

Gaithersburg, MD 20898

Ph: 888.205.2311

TTY: 888.205.3223

Fax: 240.632.9164

Email: GARDinfo@nih.gov

www.genome.govlhealth/gard

SELECTED REFERENCES

Genetics Home Reference
Reference and Web Services
National Library of Medicine
8600 Rockville Pike
Bethesda, MD 20894

Ph: 888.346.3656

Fax: 301.496.2809

Email: custserv@nlm.nih.gov
www.ghr.nlm.nih.gov

National Organization of Rare
Diseases (NORD)

55 Kenosia Avenue, P.O. Box 1968

Danbury, CT 06813

Ph: 203.744.0100

TTY: 203.797.9590

Fax: 203.798.2291

Email: orphan@rarediseases.org

www. rarediseases.org

American College of Medical Genetics, Newborn Screening Act Sheets and

Confirmatory Algorithms

www.acmg.netfresources/policies/act/condition-analyte-links. htm

Genetic Alliance Disease InfoSearch
www.geneticalliance.orgldis

International Society of Nurses in Genetics

Www. isong.org

March of Dimes

www.marchofdimes.com (Spanish at www.nacersano.org)

MedlinePlus

www.nlm.nih.govimedlineplus

National Human Genome Research Institute—Health

www.genome.gov/health

National Society of Genetic Counselors (NSGC)

Wwuw.nsgc.org
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CHAPTER 6 : INDICATIONS FOR A GENETIC REFERRAL

Referrals to genetic specialists should be considered if a healthcare provider suspects
a patient is at risk for or affected with a genetic disorder. Genetic specialists can help
identify the appropriate tests to order, consider the family history, and provide
information about the treatment and long-term outcomes for patients diagnosed
with a genetic disorder. They may recommend a referral or referrals to other
medical specialists. This chapter provides a brief overview of points to consider

when deciding if a referral to a genetic specialist is appropriate.

A referral to or consultation with a genetic specialist may be indicated for several
reasons. In general, a consultation with a genetic specialist should be considered
if a hereditary condition is suspected. Symptoms that may suggest a genetic disorder
are listed in Section 2.2: Red Flags for Genetic Disease. Specific clinical guidelines are

available for some conditions such as cancer and diabetes.
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6.1 WHEN TO REFER TO A GENETIC SPECIALIST

Patients meeting any of the following criteria should be considered for referral to a genetic specialist:
6.1.1 Family History

* One or more members with mental retardation, developmental disability, an inherited
disorder, or a birth defect

* One or more members with early deaths due to known or unknown medical conditions

¢ One or more members with adult-onset health conditions such as cardiovascular disease,
dementia, or cancer, particularly if onset is early in adulthood

* Couples who would like testing or more information about genetic conditions that
occur with higher frequency in their ethnic group

6.1.2 Delayed Growth and Development

* Those who have or are concerned that their child has developmental delays that may be
due to an inherited disorder or birth defect

* Parents whose infant has a genetic disease diagnosed by newborn screening
6.1.3 Reproductive Issues
* Women who are interested in genetic testing or screening
* Women who have experienced multiple pregnancy losses or babies who died in infancy

* People concerned that their jobs, lifestyles, or medical history may pose a risk to
the outcome of a pregnancy. Common
causes of concern include exposure to
radiation, medications, illegal drugs,
chemicals, or infections

* Couples who are first cousins or other close
blood relatives

* Pregnant women whose ultrasound
examinations or blood testing indicate that
their pregnancy may be at increased risk for
certain complications or birth defects

A genetic specialist can provide assistance in several
ways: a formal or informal consultation, genetic
counseling session, or genetic evaluation. A genetic
specialist can provide an accurate assessment or
confirm the diagnosis of a genetic disease. A
diagnosis may be made primarily through genetic
testing or a combination of testing, clinical
examination, and family history. Genetic specialists

are able to provide management options or referrals
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to specialists as needed; provide advice to primary-care practitioners about a genetic condition,
prognosis, treatment, and long-term outcome; and recommend educational materials to patients
and families.

The primary genetic specialists considered for referral are clinical geneticists and genetic
counselors. Although these specialists can play a major role in the diagnosis and education

of family members with a genetic disorder, other medical specialists such as surgeons,
cardiologists, or ophthalmologists may be required for appropriate treatment or intervention.
The services of other allied health professionals such as nutritionists, social workers,
psychologists, and occupational and physical therapists may also be necessary. The requirements
for a referral will vary from system to system. In general, though, a genetic referral requires the
following information:

e Patient information

¢ Name and address of the referrer

* Reason for the referral

* Information about the suspected diagnosis, if known
* Family history

SELECTED REFERENCES
GeneTests

wwu. genetests. org

March of Dimes, Genetics and Your Practice
www.marchofdimes.com/gyponline/index.bm2

National Cancer Institute, Cancer Genetics Service Directory
www.cancer.govlsearch/genetics_services

National Society of Genetic Counselors
www.nsge.org/resourcelink.cfim
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CHAPTER 7 : PSYCHOLOGICAL AND SOCIAL IMPLICATIONS

Genetic disorders impact not only the physical condition, but also the psychological
and social health of patients and their families. Understanding the unique aspects of
genetic information and anticipating reactions to genetic tests and diagnoses can help
guide a course of action to minimize distress and maximize benefit for both the
patient and family. Referrals to specialists or support services can also help address the

psychological health of the patient and family.

The personal and permanent nature of genetic disease can raise a range of emotions
including guilt, fear, and helplessness. Specialists such as genetic counselors, social
workers, and psychologists, as well as members of support groups, can be extremely

helpful to patients and families as they deal with these difficult issues.
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7.1 GENETIC INFORMATION AND OTHER MEDICAL INFORMATION

Genetic information is often perceived as different from other medical information. Some
people believe that genetic information is uniquely sensitive because of its predictive nature and
potential implications for other family members; therefore, it raises unique social issues. This
belief has translated to specific policy positions to protect genetic information and prevent it
from becoming part of a patient’s medical record. Others believe that genetic information is like
other medical information, and the same protections and high standards of privacy and
confidentiality should apply to all personal medical information. In fact, they believe that
treating genetic information differently from other medical information may result in
unintended disparities.

Regardless, both genetic and non-genetic medical information:

* Have the potential to help or harm patients and must be considered in making patient
care decisions

* Are complex and demands thoughtful, critical communication of risks and uncertainties

 Will arise in your practice; it is helpful to think through how you will respond in the
face of inevitable questions, some of them involving difficult decisions

Concerns that may be specific to genetic information:

* Provides information about family members and relatives; disclosure of genetic
information often directly impacts other family members
* Can lead to breaches of confidentiality that must be considered and addressed proactively

7.2 A LIFETIME OF AFFECTED RELATIONSHIPS

Genetic conditions have powerful effects on families. Like many chronic conditions, they may
require continuous attention and lack cures. They have implications for the health of relatives.
So a genetic diagnosis for one family member may mean other biological relatives are at risk,
even if they currently show no symptoms. In addition to the medical implications, genetic
s disorders present emotional

challenges and special
reproductive implications.
Families may be concerned
about difficult treatment
options, the chance that
additional offspring will inherit
the condition, and prenatal

- and newborn testing decisions.
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7.3 IMPACT OF A GENETIC DIAGNOSIS

The psychosocial impact of a genetic disorder varies by the nature of the condition, the
relationship of a person to the affected individual, and individual personalities. Every family
is different, and it is difficult to predict how people will react to a genetic diagnosis. It is
helpful to think in advance about some of the possible reactions so you can be prepared and
minimize distress.

7.3.1 Patients. A genetic diagnosis can provide a great benefit to patients. When the condition
is rare and patients and families spend years without knowing its name or cause, a diagnosis
can help make sense of the situation. Diagnoses can lead to improved treatment options and
access to support services. They can also help other family members make decisions about
their own lives.

A genetic diagnosis may lead to negative reactions, too. A common response is that the science
of genetics is confusing and frustrating. Patients identified with a genetic diagnosis may consider
themselves at fault or “broken” or interpret their diagnosis as leading to something they cannot
handle. A genetic diagnosis can lead to concerns about stigmatization.

The reaction to a diagnosis varies from individual to individual and is affected by many factors
including age, gender, education, religion, and culture. Providers should be aware of these
differences and understand the patient’s background in order to communicate effectively.

7.3.2 Parents. Understandably, diagnosis of a genetic condition may put stress on a relationship.
Couples with an affected child often face difficult family-planning decisions because future
children may have a chance of inheriting the condition. Depending on the condition, parents
may also be faced with hard choices regarding prenatal testing and termination of a pregnancy.
The magnitude of these decisions and their outcomes impacts both individuals and relationships.
Parents may experience guilt due to the hereditary nature of genetic conditions.

7.3.3 Family. Given the shared nature of genetic information, it is important to consider the
family unit. Unaffected family members should not be forgotten in the case of a genetic disorder.
When one family member is diagnosed with a disease, family members who do not have the
disease often feel guilt that loved ones are affected when they are not. For adult-onset diseases,
unaffected spouses may view their partners differently. The diagnosis can lead to a breakdown in
communication. Siblings of children with special needs sometimes feel neglected because parents
may focus more time and effort on the siblings affected by a genetic condition. Including
unaffected family members in the care of individuals with special needs can help them examine
their own emotional issues. Adults who are diagnosed with a genetic condition and are
considering having a child may need to consider the chance of having an affected child, as well
as their ability to care for the child.

In cases where a genetic test is predictive, other family members may misinterpret the results as a
diagnosis rather than an indicator of risk for a condition. It is important to keep in mind that
genetic test results are often complex and may be difficult for patients and their families to
understand. In some cases, a genetic test may reveal the risk status of other family members who
may not wish to know this information, potentially encroaching upon their autonomy or privacy.
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The financial burden of a chronic genetic condition can also lead to stress among family
members. A family already struggling financially may be intimidated by the costs associated
with caring for a child with special needs. Referrals to appropriate support services are crucial
to help ease the stress caused by a genetic diagnosis. Advocacy groups, state health departments,
and The Patient Advocate Foundation are all organizations that may provide a starting point
for support services.

In general, support or advocacy groups and community resources can provide ongoing support
to patients and their families with genetic conditions. Support groups provide a forum for
sharing experiences about caring for a family member affected with a genetic condition, coping
with a new diagnosis, obtaining healthcare or other services, and healing. Members of support
groups know firsthand what it means to be faced with a diagnosis and need accurate, up-to-date
information. Staying connected with their community helps individuals fight the feelings of
isolation that often surround families living with a genetic condition.

7.3.4 Communities. Genetic testing can also affect the community at large. Genetics has been
used in the past to stigmatize and discriminate along ethnic or racial lines, and underserved or
underrepresented communities often view genetic research and services with distrust. They may
feel that the results of a genetic test, including newborn screening, will be used to segregate their
communities. These fears often work in combination with other difficulties, including
availability of services and health insurance, communication, and cultural barriers, when
navigating the medical system.

Some communities do not see their condition as a disability, but rather as one aspect of their
lifestyle. For example, members of the deaf community may oppose hearing tests for this reason.
In general, it is a good idea to understand the communities to which your patients belong so
you can present information and options in ways that promote trust.

7.4 COPING MECHANISMS

When a newborn is diagnosed with a genetic
condition, parents may be overcome with
concern for their child. Some common
reactions include fear, confusion, and grief
that their child is not “normal,” guilt that
they did something to cause the condition,
anger at the lack of a solution, or the belief
that the other parent is to blame.

The fact that a medical cure or treatment
may not exist often comes as a great surprise
to parents. This further adds to the parents’
concerns about their ability to care for the
child. The manner in which healthcare
providers react has a large impact on how
parents cope with negative feelings and can

help them focus on the challenges and
blessings of the newborn child.
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The following suggestions can help healthcare providers help parents cope with the birth of a
child with an inherited condition:

* Focus on the child’s overall well-being, not solely on the child’s genetic condition at
routine visits. Talk about the newborn’s personality, feeding patterns, and other personal
traits. Always remember that the newborn is an infant first and an infant with special
needs second.

* Provide realistic expectations for the future and models for coping. The parents are
likely to be asked many well-intentioned questions by relatives and friends, and parents
will be better able to respond if they have thought about the questions themselves.

* Explain the genetics of the condition in an understandable manner. Consider referring
the parents to a genetic specialist.

* Emphasize that you are aware of the difficulty of the situation and acknowledge that
each parent has his/her own way of coping with the stress of caring for an infant with
special needs. It may be helpful for families to share their feelings with others. Referrals
to a social worker, psychologist, or support group may facilitate these discussions.

* Identify resources such as support groups that focus on the condition in question.
Support groups can help families overcome feelings of isolation often associated with a
rare genetic condition, provide firsthand experience about caring for an infant with the
condition, provide information about expectations for the affected infant, and suggest
coping mechanisms that will help both parents and siblings adjust to new challenges.

SELECTED REFERENCES
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CHAPTER 8 : ETHICAL, LEGAL, AND SOCIAL ISSUES

Over the past decade, many ethical, legal, and social issues (ELSI) associated with
genetic testing and research have been raised. For genetic testing to be
used safely and appropriately, these issues should be discussed with patients so
they are aware of risks and benefits. This chapter provides a brief overview

of some of the major ELSI concerns related to genetic testing.

Concerns have arisen regarding the use and potential misuse of genetic
information. The unease relates to a range of misuse: from the analytical and
clinical validity of a genetic test, to the possible stigma of carrying a genetic
difference, to the duty of disclosing genetic information to potentially affected

family members.
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8.1 DESCRIPTION OF ETHICAL, LEGAL, AND SOCIAL ISSUES

To protect patients from additional distress, healthcare providers should be aware of the relevant
ethical, legal, and social issues related to genetics in healthcare. Genetic specialists may be able to
address specific patient concerns and questions regarding these issues.

8.1.1 Communicating Test Resulss. It is critical that genetic test results are discussed with patients
in an understandable and compassionate manner. As many genetic tests will not provide simple
positive/negative results, but potentially inconclusive results or risk estimates, it is important that
patients understand the extent of the information actually provided from a genetic test. Results
should be released only to those individuals for whom the test recipient has given consent. The
method of communication should be chosen in advance (for example, by phone or in person) to
minimize the likelihood that results will be shared with unauthorized persons or organizations.
Under no circumstances should results with personal identifiers be provided to any outside
parties, including employers, insurers, or government agencies, without the test recipient’s
written consent.

8.1.2 Direct-to-consumer Tests. A number of companies offer genetic tests directly to consumers
without requiring physician involvement. Patients should be cautious when considering direct-
to-consumer genetic testing and are encouraged to discuss this option with their healthcare
professional. Some of these companies may play off consumer fears, offer tests with little clinical
utility, or not be properly certified or licensed.

8.1.3 Duty to Disclose. The results of a genetic test may have implications for a patient’s family
members. However, healthcare providers have an obligation to the person being tested not to
inform other family members without the permission of the person tested, except in extreme
circumstances. If a health professional believes family members may be at risk, the patient may
be encouraged to discuss test results with other family members. In general, families are opposed
to doctors informing at-risk members without their consent, even in cases where the disease is
easily preventable. The duty to inform varies by state, and courts have ruled differently in
response to distinct cases.

The American Society of Human Genetics suggests that disclosure to at-risk individuals is
permissible when the following criteria are met:

* Attempts to encourage disclosure on the part of the patient have failed

* Harm is highly likely, serious, imminent, and foreseeable

* At-risk relatives are identifiable

* Disease is preventable or medically accepted standards for treatment or screening
are available

* Harm from failing to disclose outweighs the harm from disclosure

8.1.4 Genetic Discrimination. When considering genetic testing, the potential for discrimination
based on genetic information is a major concern often raised. This fear can impact an
individual’s decision to utilize genetic testing services. Since genetic test results are typically
included in an individual’s medical record, people should be aware that the results could be
accessible to others.

On May 21, 2008, President Bush signed the Genetic Information Nondiscrimination Act
(GINA) into law. As the first major new civil rights bill of the new century, GINA protects
individuals from discrimination on the basis of genetic information in health insurance and
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employment. The health insurance provisions of the law take effect 12 months after the date of
signing, in May 2009, and the employment protections take effect 18 months after the date of
signage, in November 2009.

In summary, GINA prevents health insurers from denying coverage or adjusting premiums on
the basis of genetic information or requesting that an individual undergo a genetic test. Similarly,
employers are prohibited from using genetic information to make hiring, firing, or promotion
decisions. The law also limits an employer’s right to request, require, or purchase an employee’s
genetic information. GINA does not apply to life, disability, or long-term care insurance. Before
the federal protections of GINA, more than 40 states established legislation prohibiting genetic
discrimination. However, the scope of these protections differs from state to state. GINA does
not overturn broader protections provided in some state regulations.

In addition to fears of discrimination in employment and health insurance, members of some
communities often fear that genetic information will be used to stigmatize them. Healthcare
providers should be sensitive to the fact that some groups may distrust the use of genetics as a

health tool.

8.1.5 Informed Consent. To help ensure that patients understand the risks and benefits of
healthcare choices, informed consent is an important part of the medical decision-making
process. For patients considering genetic testing, the following items should be carefully
discussed and understood before consent is obtained:

* Risks, limitations, and benefits of testing or not testing

* Alternatives to genetic testing

* Details of the testing process (e.g., what type of sample is required, accuracy of test, and
turn-around time)

* Privacy/confidentiality of test results

* The voluntary nature of testing

* Potential consequences related to results, including: (1) impact on health; (2) emotional
and psychological reactions; (3) treatment/prevention options; and (4) ramifications for
the family

8.1.6 Privacy. Genetic information has enormous implications for the individual and the family. The
privacy of that information is a major concern to patients—in particular, who should have or needs
access to that information. To protect personal genetic information and avoid its inclusion in a patient’s
medical record, some patients pay for genetic testing out-of-pocket.

8.1.7 Psychosocial Impact. Every individual will respond differently to news of his/her genetic test
results, whether negative or positive. As there is no right or wrong response, healthcare
professionals should refrain from judgment and help the patient understand the test results with
respect to his/her own health, available interventions or follow-up, and risks to his/her family.
An individual may respond to genetic information on several levels: individual, family, or
community and society. Referrals to genetic counselors, psychologists, or social workers should
be made as needed.

8.1.8 Reproductive Issues. Genetic information is routinely used to inform reproductive decisions
and medical care. Risk factors for genetic conditions for which preconception or prenatal genetic
testing may be considered include advanced maternal age, family history, multiple miscarriages,
and drug and alcohol exposure. As these procedures carry risks and benefits, parents should
carefully consider and discuss these options with a physician or genetic counselor. Providers
should take a nondirective stance and support the patients’ decisions.
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8.1.9 Societal Values. Genetic information can raise questions about personal responsibility,
personal choice versus genetic determinism/fate, and concepts of health and disease. Personal
factors, family values, and community and cultural beliefs will influence responses to these
issues. Genetic information may influence one individual to change his or her lifestyle or
behavior to reduce risk or disease severity; whereas, others may choose to respond differently.
Health professionals should be respectful and sensitive to cultural and societal values and work
with the patient to define the appropriate course of action for him/her with respect to genetic
testing and follow-up care.

8.1.10 Test Utility. The useful application of genetic tests will depend on the correct
interpretation of test results and their utility in guiding medical care and treatment. However,
for some genetic conditions, the utility of genetic test results may be limited if treatment is
unavailable or the results are inconclusive. These issues should be discussed with patients or
parents of patients when a genetic test is being considered. Even if a test is not considered to be
medically useful, a patient or the family may still benefit from testing. Clinical guidelines should
be consulted for recommended follow-up care and treatment.

8.1.11 Test Validity. Several issues regarding test validity should be considered prior to ordering a
genetic test. The analytical and clinical validity of a test are generally measured as test specificity,
sensitivity, and predictive value. This information should be shared with the patient as he or she
considers whether or not testing is appropriate for him/her. Because most genetic tests are
offered as services, they are not approved by the Food and Drug Administration. However,
genetic tests (or any other clinical laboratory test) should only be ordered from laboratories
certified by Clinical Laboratory Improvement Amendments (CLIA) or another governmental

certifying entity.
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CHAPTER 9 : PATIENT STORIES AND CONSUMER PROFILES

This chapter contains four true stories about inherited cancer, newborn
screening, late-onset disease, and family history told from the perspective of a
patient or consumer. Diagnosing a genetic condition can be a challenging and
lengthy process involving multiple doctors and office visits, examinations, testing,
and months or years of stress and uncertainty. The lack of treatment or effective
interventions can be extremely frustrating and difficult to comprehend. However,
genetic diagnosis can enhance educated decision-making and alleviate the stress
of the unknown. It can also encourage healthy lifestyle choices and inform
family planning. These stories can help both health professionals and patients
understand the issues faced by patients and families affected by a genetic

condition and learn how to deal with these issues.
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9.1 INHERITED BREAST AND OVARIAN CANCER

My grandmother, my dad, and I have all had breast cancer, and our stories are inextricably linked.

My grandmother was diagnosed with breast cancer when she was in her late 30s, had a
mastectomy, and lived until age 95! What an inspiration she was!

Most people don't know that men can get breast cancer too. Dad discovered his breast cancer in
2001. While showering, he felt a lump in his left breast/chest area. His doctor confirmed it was
suspicious. Dad had a mammogram and then a mastectomy to get rid of the cancer. Shortly
after, he was diagnosed with prostate cancer and underwent 40 radiation treatments over eight
weeks. His cancers of the breast and prostate were genetically linked. Within a few years, he was
diagnosed with bladder cancer. Fortunately, this was caught early and removed, and from that
point on he has been cancer free. My dad is now 78 years old and going strong,.

After my dad’s cancers, his oncologist tested him for the BRCA2 gene mutation and discovered
he was positive as a carrier. My siblings and I were tested to see if we were carriers too. I was
positive for BRCA2, which carries up to an 85 percent lifetime risk of breast cancer for women.

The oncologist gave me valuable suggestions. He directed me to support groups, where I found
good answers to the many questions I had about my risks and options. I researched my options
and, based on my BRCA risk, decided to have a bilateral mastectomy with immediate
reconstruction. I selected two amazing plastic surgeons to perform DIEP, an advanced
reconstruction procedure that, without implants, leaves a woman’s breasts whole, made of my
own soft, warm, living tissue. I do not feel as if I lost my breasts...only my risk of breast cancer.

My breast surgeon said to consider myself cured. I still have regular breast exams, although my
chance of having breast cancer is now 1 to 2 percent, which is lower than the general
population’s 8 to 12 percent risk. I am satisfied that I have now done all I can to prevent cancer.

Looking back over my family’s history, I am reminded that we are a tough bunch—survivors and
co-survivors all. Thanks to medical research advances, the future of my children, and all BRCA
mutation carriers is bright.

9.2 THE VALUE OF NEWBORN SCREENING

We brought our 7lb., 50z. baby boy home on April 14th, After a tiring but blissfully happy first
week of 4 a.m. feedings and little sleep, our pediatrician called to say that one of the newborn
screening tests done on the blood spot collected from our son at birth had come back positive.
My husband and I both thought it had to be a mistake; our son Miguel was a completely
healthy and happy baby boy.
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The positive result was for a disease called homocystinuria. The following week, we took Miguel
back to the hospital to have him retested. The second test also came back positive. Without a
doubt, Miguel had this disorder; though he still seemed completely healthy. The doctor told us
that children with this rare genetic disorder are unable to break down excessive protein and for
Miguel to have a normal life, he would have to be put on a special low-protein diet. I had so
many questions about what would happen to Miguel. How different would he be from other
children? Would his development be delayed? Would he be able to walk and talk and go to
school with other kids?

After talking with other parents of children with homocystinuria, several pediatricians, a
geneticist at a medical center two hours away, and nutritionists, we gained some confidence that
we could take care of Miguel and provide him with a normal childhood. Miguel has been on a
low-protein diet for almost 10 years now, and his disease is under control. He is in the 5th grade
and is a very active, bright child. He is doing well in school, plays soccer and baseball, and does
all of the things any 10-year-old would do: birthday parties, Little League, and Boy Scouts. Since
Miguel’s condition was detected at such an early age, we were able to adjust his diet and prevent
symptoms from developing.

9.3 HEREDITARY HEMACHROMATOSIS

Growing up, I was busy and energetic like everyone else. I rarely visited the doctor and had no
hint of any chronic medical problem.

Soon after I turned 40, I started to notice my joints were achy. But I figured I was just getting
old. About a year later, I just wasn’t feeling as well as I thought I should. I was always tired and
had occasional abdominal pain. I saw my doctor for a routine physical. After a long series of
tests and visits with specialists, a blood test revealed that I had unusually high levels of iron. A
liver biopsy confirmed that I have hereditary hemochromatosis.

To understand my own health risks and the chances of my relatives developing this condition,

I met with a genetic counselor and had a genetic test performed. After meeting with the genetic
counselor and doing my own research, I am beginning to understand what it means to have
hereditary hemochromatosis. I now know that hereditary hemochromatosis is a fairly common
adult-onset condition that can be associated with many serious complications, including heart
problems, diabetes, cirrhosis of the liver, and arthritis. I consider myself lucky to have been
diagnosed at a relatively young age, before any of the major complications developed. I now
have periodic phlebotomies (a procedure similar to donating blood) to keep the iron from
accumulating in my body and damaging my organs. This treatment should allow me to live a
long, normal life.
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9.4 TYPE Il DIABETES

I was 42 years old when I was diagnosed with Type II diabetes. I had a recurrent skin infection
for almost a year, but it seemed minor at first. And I had no health insurance, so I put off
seeing a doctor. Eventually I noticed that I always felt thirsty, despite drinking plenty of water
and other beverages. In spite of my increased drinking habits and normal appetite, I somehow
lost 40 pounds. Finally, my discomfort from the skin condition became so severe that I went to
the emergency room, where I was diagnosed with Type II diabetes. Apparently, I had actually
had this condition for some time.

Since my diagnosis, I have learned a lot about my family and Type II diabetes. I now understand
that Type II diabetes appears to be caused by a combination of genetic and environmental
factors. My increased risk for diabetes should have been noted many years earlier. If my doctor
and I had been aware that my grandfather, mother, and two cousins have diabetes, we could have
realized my risk was greater than that of someone without a family history.

Additionally, it would have been helpful to know that my love of sweets and fatty foods and my
tendency to be overweight further increased my risk. Being aware of my risk factors might have
prompted me to monitor my health more carefully. I could have exercised more and modified
my diet, which might have prevented or delayed the onset of my condition or perhaps made it
less severe. Also, I might have acted more quickly when I recognized the symptoms of diabetes.
Knowing about your family history can help you to recognize your risk for a condition and
possibly enable you to take action to avoid or delay its development.



CHAPTER 10 : GENETICS RESOURCES AND SERVICES

This chapter contains contact information specifically for genetics resources and
service providers in the states that comprise the New York — Mid-Atlantic region.
Also, contact information is listed for the Genetics and Newborn Screening Regional

Collaborative Groups, as well as for selected national resources.
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DELAWARE RESOURCES March of Dimes: Delaware Chapter

Children with Special Healthcare Needs 236C North James Street, Tower Office Park
Delaware Health and Social Services Newport, DE 19804

655 Bay Road, Suite 216 Ph: 302.225.1020

Dover. DE 19903 www.marchofdimes.com/delaware

Ph: 302.741.2980

www.dpss.delaware.gov/dph/chca/ DELAWARE GENETICS
dpheshen. heml PROVIDERS/REFERRALS

Alfred I. duPont Hospital for Children

Division of Medical Genetics

Maternal and Child Health (Title V)

Delaware Health and Social Services 1600 Rockland Road
655 Bay Road, Suite 216 Wilmington, DE 19899
Dover, DE 19903 Ph: 302.651.5916

Ph: 302.741.2980

www.nemours.org/service/genetics. html
www.dbss.delaware.gov/dbss

Newborn Screening Laboratory DisTRICT OF COLUMBIA RESOURCES
Delaware Health and Social Services, Division  Children with Special Health Care Needs
of Public Health Community Health Administration
Delaware Public Health Laboratory 825 North Capitol Street, NE, 3rd Floor
30 Sunnyside Road Washington, DC 20002
P.O. Box 1047 Ph: 202.671.5000
Smyrna, DE 19977
- www.dhss.delaware. govldhssldph/chcaldphnsp 1. html District of Columbia Department of Health
: Community Health Administration
E Newborn Screening Follow-up 825 North Capitol Street, NE, 314 Floor
= Delaware Health and Social Services Washington, DC 20002
& 655 Bay Road, Suite 216 Ph: 202.442.9333
3 Dover, DE 19903
E Ph: 302.744.4544 Newborn Screening Testing and Follow-up
o District of Columbia Department of Health
% Newborn Hearing Screening Newborn Screening Program
Z Delaware Health and Social Services 825 North Capital Street, NE, 3rd Floor
E 655 Bay Road, Suite 216 Washington, DC 20002
o Dover, DE 19903 Ph: 202.650.5000
8 Ph: 302.744.4544
g www.dhss.delaware.gov/dhss/dph/chcaldphnbsp 1. Newborn Hearing Screening
- himl District of Columbia Department of Health
E Newborn Hearing Screening Program
E State Genetic Services Program 825 North Capital Street, NE, 3rd Floor
T Delaware Health and Social Services Washington, DC 20002
= 655 Bay Road, Suite 216 Ph: 202.671.5000
) Dover, DE 19903
3 Ph: 302.741.2990 Genetic Services Program
> District of Columbia Department of Health
- Family Voices of Delaware Genetics Program/Maternal and Child Health
) Ph: 888.835.5669 825 North Capitol Street, NE, 314 Floor
www.familyvoices.org/states.phpstate=DE Washington, DC 20002

Ph: 202.727.7667




Family Voices of DC
Ph: 202.230.8201
www.familyvoices.org/states.phpZstate=DC

March of Dimes: District of
Columbia Chapter

2700 South Quincy Street, Suite 220

Arlington, VA 22206

Ph: 703.824.0111

www.marchofdimes.com/marylandmetrode

DisTrRICT OF COLUMBIA GENETICS
PROVIDERS/REFERRALS

Children’s National Medical Center

111 Michigan Avenue, NW

Washington, DC 20010

Ph: 202.476.2187
www.childrensnational.org/Departmentsand
Programs/default.aspx?ld=378¢ Type=Deptcs
Name=Genetics%20and%20Metabolism

Georgetown University Hospital

3800 Reservoir Road, NW, 2 PHC
Washington, DC 20007

Ph: 202.444.8518
www.georgetownuniversityhospital.org/body.
cfntid=601

MARYLAND RESOURCES

Children with Special Healthcare Needs
Maryland Department of Health and
Mental Hygiene
Office for Genetics and Children with Special
Healthcare Needs
201 West Preston Street, Room 319
Baltimore, MD 21201
Ph: 410.767.6730

Maternal and Child Health (Title V)

Maryland Department of Health and
Mental Hygiene

201 West Preston Street, Room 317

Baltimore, MD 21201

Ph: 410.767.6713

www.dbmb.state.md. us
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Newborn Screening Laboratory
Maryland Department of Health and
Mental Hygiene
Division of Newborn and
Childhood Screening
201 West Preston Street, Room 1A6
Baltimore, MD 21201
Ph: 410.767.6099
www.fha.state.md.us/genetics/newprog. cfin

Newborn Screening Follow-up
Maryland Department of Health and
Mental Hygiene
Office for Genetics and Children with Special
Healthcare Needs
201 West Preston Street, Room 319
Baltimore, MD 21201
Ph: 410.767.6730
www.fha.state.md.us/genetics/newprog. cfin

Newborn Hearing Screening
Maryland Department of Health and
Mental Hygiene
Office for Genetics and Children With Special
Healthcare Needs
Infant Hearing Program
201 West Preston Street, Room 423A
Baltimore, Maryland 21201
Ph: 410.767.6432
www.fha.state.md.us/genetics/inf" hrg.cfm

State Genetic Services Program

Maryland Department of Health and
Mental Hygiene

Office for Genetics and Children with Special
Healthcare