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ABSTRACT

Well-defined, distinctive phenotypic features and natural history characterize Down syndrome, the most frequent form
of developmental disability caused by a microscopically demonstrable chromosomal aberration. Triplicate state or trisomy
of all or a portion of chromosome 21 causes Down syndrome. There are 3 genetic mechanisms leading to Down syndrome,
or trisomy 21: nondisjunction, translocation, and mosaic. With advances in prenatal testing techniques, the diagnosis can
occur before birth. This article explores the embryology and pathogenesis of Down syndrome and its multisystemic effects
on the newborn. Specific attention is paid to presentation, clinical features, physical assessment, and family support.
Recurrence risk and genetic counseling are discussed including the relationship of the risks and benefits of performing
diagnostic procedures. In addition, this article reviews the management of healthcare needs for newborns with Down

syndrome and the implications for nursing care.
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Down, who first described the syndrome in

1866. Down syndrome, or trisomy 21, is the
most common genetic cause of intellectual disability
and best known of the chromosome disorders.!?
Smith’s Recognizable Patterns of Human Malformation
provides an overall appraisal of Down syndrome
with an incidence of 1 in 660 newborns, in all races
and economic groups, making it the most common
pattern of malformation in man.!® According to the
Centers for Disease Control and Prevention, in 2006,
the incidence of Down syndrome was 1 in 733 live
births.** Down syndrome is a cytogenetic disorder
caused by an error in cell division that results in the
presence of an additional third chromosome 21 or
“trisomy 21” (Figure 1). Approximately 5500 infants
are born with Down syndrome in the United States
each year.*%’ Early recognition of Down syndrome
in the newborn is essential to provide appropriate
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care for the newborn and support for parents and
family. Down syndrome is the most prevalent mal-
formation syndrome caused by an abnormal chro-
mosomal condition in newborns.!® The syndrome
results when there are 3 rather than 2 copies of chro-
mosome 21 in all or most cells of the body. The
additional genetic material alters the course of devel-
opment and causes the characteristics associated with
Down syndrome.

EMBRYOLOGY/PATHOGENESIS

Although the chromosomal basis of Down syndrome
is clear, the reason for the chromosome abnormality
is still poorly understood.®*! The vast majority
(>90%) occurs secondary to meiotic nondisjunction,
which leads to the presence of an extra chromosome
21 in all cells of the individual. In such cases, the
extra chromosome originates in the development of
either the egg (oogenesis) or the sperm (spermatoge-
nesis). Normally during oogenesis or spermatogene-
sis, each parent contributes 23 chromosomes,
one-half of each pair, to the developing zygote
through a process of cell division called meiosis
(Figure 2). During meiosis I, the chromosome num-
ber is reduced from 46 to 23 as the cell divides. These
cells are referred to as haploid, having half the num-
ber of chromosomes. During meiosis I, each haploid
cell divides its 2 DNA threads (chromatids) between
daughter cells, producing additional gametes, each
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The presence of an extra chromosome 21. Reprinted with permission from Milner and Herber.?

with 23 chromosomes. In spermatogenesis, the final
product is 4 functional gametes (sperm). In oogene-
sis, 1 primary oocyte gives rise to 1 oocyte and
3 nonfunctional polar bodies.*?

Nondisjunction refers to the failure of a pair of
chromosomes to disjoin properly during one of the
two meiotic divisions, usually meiosis I. The conse-
quence of nondisjunction is a gamete with 24 chro-
mosomes rather than 23 (Figure 2).°

The high percentage of all cases of trisomy 21 in
which the abnormal gamete originated during mater-
nal meiosis I suggests that something about maternal
meiosis I, likely related to increased maternal age, is
a correlating factor. It has been suggested that the
older the oocyte, the greater the chance that the
chromosomes will fail to disjoin correctly.®%!!
Consequently, when the egg and the sperm unite to
form the fertilized egg, 3, rather than 2, chromosomes
21 are present. As the embryo develops, the extra
chromosome is repeated in every cell. In this
condition, nonfamilial trisomy 21, 3 copies of chro-
mosome 21 are present in all cells of the individual.
The risk of having a child with trisomy 21 increases
with maternal age, especially after the age of
30 years. 391112

Occasionally, chromosomes break, and pieces of
one chromosome attach to another. This is called a
translocation. Translocations can be balanced, in

which case breakage and reunion occur between
2 chromosomes, but no critical genetic material is lost
and individuals show no effects. They may be unbal-
anced, in which case part of one chromosome is lost
or duplicated, resulting in missing or extra genetic
material.®> Approximately 3% to 5% of individuals
with Down syndrome have cells containing 46 chro-
mosomes but still have the features associated with
the syndrome because they have the extra genetic
material from an additional copy of all or part of
chromosome 21.% It is simply attached to another
chromosome. These cases are due to a translocation,
either occurring de novo or passed from a balanced
translocation-carrier parent, which becomes unbal-
anced and trisomic in the baby. In such situations,
material from one chromosome 21 gets translocated
onto another chromosome, either prior to conception
or at conception. Typically, the translocated chromo-
some 21 attaches to another acrocentric chromosome
(often chromosome 14), resulting in a Robertsonian
translocation.>*!! Cells from individuals with translo-
cation trisomy 21 have the usual 2 chromosomes 21
but also have additional chromosome 21 material on
the translocated chromosome. This overexpression
of chromosome 21 results in features associated with
Down syndrome. Down syndrome resulting from
translocation shows no relation to maternal age but
has a relatively high recurrence risk in families when
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Meiosis and nondisjunction. Repr'inted wi'th permis:ion from Nussbaum et al.? -

a parent, especially the mother, is a carrier of the
translocation.3%11:13

Mosaicism can occur in 2 ways. Occasionally, a
nondisjunction can occur during mitosis, early in
embryonic cell division. The other is that the zygote
begins with a typical nondisjunction trisomy 21 but
somehow the extra copy of 21 is lost or dropped in
one or more cell lines, resulting in mosaicism.
Mosaic trisomy 21 accounts for a small percentage of
individuals with Down syndrome, most estimates
conclude about 1%.*16 In this situation, the extra
chromosome 21 is present in some, but not all, cells
of the individual. An individual with mosaic trisomy
21 will have 46 chromosomes in some cells but will
have 47 chromosomes in others. There is great
variability in expression of the disorder among those
with mosaic Down syndrome.*! Depending on the

FIGURE 3.

Common facial features of Down syndrome. Note
flat nasal bridge, epicanthal folds, and Brushfield
spots on the iris. Reprinted with permission from
Milner and Herber.?
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proportion of cells that carry the additional chromo-
some 21, the phenotype may be milder than that of
typical trisomy 21.9!1

CLINICAL PRESENTATION/SYSTEMIC
PaYSICAL EXAMINATION

Down syndrome can usually be diagnosed at birth or
shortly thereafter by its dysmorphic features, which
vary among patients but nevertheless produce a dis-
tinctive phenotype.»1%!7 Accurate assessment and
description of external clinical features will assist in
recognition of the newborn with Down syndrome and
identify the need for further diagnostic evaluation.®
Begin with examination of growth and plot weight,
length, and head circumference on a growth chart.
Specialized growth charts are available for newborns,
older infants, and children with Down syndrome.
Growth parameters may be normal at birth, with
decreased postnatal growth velocity being common.?
Examine the head, evaluating shape and
fontanelles. Brachycephaly with a short and round
skull with a flat occiput or mild microcephaly may be
present. A large anterior fontanel or a third fontanel
along the sagittal suture line may be noted. Hair may
be fine and soft. The neck is usually short with loose
skin at the nape. Ears are typically not low set but are
smaller and may appear posteriorly rotated. To
determine placement, imagine a line from the inner
canthus to the outer canthus of the eye toward the
ear. If the ear falls below this line, it is low set.!”-!8
Next, examine the facial features. The newborn
with Down syndrome may have a flat facial profile
including a small nose and a flat nasal bridge
(Figure 3). Eyes may have an upward and outward slant
with prominent epicanthal folds. Look for grayish
white spots around the iris of the eye (Brushfield spots)
(Figure 3). The tongue is typically of normal size but
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may appear large. Two important factors leading to the
appearance of macroglossia are smaller oral cavities
leading to a relative fit issue and the low tone allowing
the jaw to hang slack and the tongue to protrude.!21

Examine the extremities. Infants with Down syn-
drome typically have short fingers with broad, square
hands and low-set thumbs that are separated more
than usual from the second finger. Clinodactyly of the
fifth finger may be seen. A single, deep transverse
crease on the palm of the hand (simian crease) may be
present on one or both hands (Figure 4). Examination
of the feet will reveal a wide space with a plantar crease
between the great toe and the second toe (Figure 5).

Overall, muscular hypotonia is seen in approxi-
mately 80% of newborns with Down syndrome.?%
Other general physical findings may include short
stature, hyperflexibility of joints, and dysplasia of the
pelvis with a narrow acetabular angle. Cutis marmorata
(marbling of skin) is common."”

Listen to the chest for the presence of a murmur or
abnormal heart sounds. Congenital heart defects are
seen in approximately 40% of infants with Down
syndrome.®!11¢ Examine the newborn’s peripheral
pulses, color, and work of breathing for other evidence
of congenital heart disease.

Examine the abdomen for presence of bowel sounds,
masses, and organomegaly. Distension and/or the pres-
ence of bilious emesis may indicate a bowel obstruction.
Check to ensure that the newborn has a patent anus.

OTHER CLINICAL FINDINGS

Numerous other birth defects and medical disorders
have been described in association with Down
syndrome. The extra chromosome found in Down
syndrome interferes with mental development and
causes developmental delays. Average IQs can range
from 25 to 70s.2

Congenital heart disease occurs in 40% to 45% of
infants with Down syndrome.!*!® The most common

FIGURE 4.

Single palmer crease. Reprinted with permission from
Nussbaum et al.?
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FIGURE 5.

Widely separated first and second toes. Reprinted with
permission from Milner and Herber.?

cardiac abnormalities are endocardial cushion defects
(atrioventricular canal), ventricular septal defects,
atrial septal defects, and patent ductus arteriosus.?? An
echocardiogram should be produced for all infants to
rule out the presence of congenital heart disease, even
in the absence of a cardiac murmur or other symp-
toms of heart disease. Gastrointestinal abnormalities
also occur more commonly, in particular, duodenal
atresia, tracheoesophageal fistula, omphalocele,
pyloric stenosis, and Hirschsprung’s disease occurring
in 10% to 15% of those with Down syndrome. 1324

Congenital hypothyroidism, characterized by a
reduced basal metabolism, an enlargement of the
thyroid gland, and disturbances in the autonomic
nervous system, can occur more frequently in babies
with Down syndrome. Follow-up for development of
hypothyroidism is essential. Several other known
medical conditions are more prevalent among those
with Down syndrome including vision disorders such
as cataract and hearing loss because the external ear
and the bones of the middle and inner ear may
develop differently.!7:182021.2425 More significantly, the
factor leading to high rates of hearing loss in individ-
uals with Down syndrome is conductive loss related
to frequent otitis media.?> Atlantoaxial instability, an
infrequent but serious complication related to Down
syndrome, is a malformation of the upper part of the
spine located under the base of the skull, which can
cause spinal cord compression if not treated
properly.!7:20

Approximately 1 in 150 children with Down syn-
drome develops acute lymphoblastic leukemia.’
Transient myeloproliferative disorder associated
with spleenomegaly and hepatic fibrosis may occur
at birth and usually resolves spontaneously in the first
year of life.>!! Neonatal thrombocytopenia is also
associated with Down syndrome.?
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DiAaGNoOSTIC STUDIES/RISK FACTORS

Down syndrome can be detected prenatally by
cytogenetic studies. Karyotyping is necessary for
confirmation, for providing a basis for genetic coun-
seling, and for determining the recurrence risk. In
about 95% of all patients, Down syndrome involves
trisomy for chromosome 21, resulting from meiotic
nondisjunction of the chromosome 21 pair.!** The
meiotic error responsible for the trisomy usually
occurs during maternal meiosis (90% of the time) but
can also occur in paternal meiosis (10% of the
time).>!!

To provide accurate recurrence risk information to
parents, it must be determined whether the child with
Down syndrome has a translocation. If a transloca-
tion is present, parents should be offered chromo-
some analysis to determine whether one of them is a
carrier of a balanced translocation as this may
increase the risk for recurrence and may also
have implications for other family members!?73
Recurrence risk for the rare translocation carrier par-
ent will depend on the type of translocation and the
sex of the parent.?® This is because 1 of the 2 parents
may be a balanced carrier of the translocation. The
translocation occurs when a piece of chromosome 21
becomes attached to another chromosome, often
number 14, during cell division. If the resulting
reproductive cells receive the chromosome with the
piece of chromosome 21 attached and retain the
chromosome 21 that lost a section, then the repro-
ductive cells contain the normal or balanced amount
of chromosome 21.

If the translocation is de novo, that is, neither parent
has a balanced translocation, then there is no increased
risk of recurrence. The translocation is de novo about
half the time. If the mother carries a balanced translo-
cation (typically on chromosome 14), then the risk for
future pregnancies is about 10% to 15%. If the father
carries the balanced translocation, the risk is about 3%
to 5%. Rarely, the translocation involves both of the
chromosomes 21. In this circumstance, the carrier par-
ent of the 21/21 translocation would have a 100% risk
of recurrence. Genetic counseling should be offered to
all parents of a child with Down syndrome for review
of the chromosomal cause of their specific recurrence
risks. The genetic counselor can also determine
whether any other family members may also be at
increased risk for having a child with Down syndrome
or for miscarriage due to the possibility of an inherited
translocation.

Researchers have established that the likelihood
that a reproductive cell will contain an extra copy of
chromosome 21 increases dramatically as a woman
ages.>%1128 Although younger mothers have a much
lower risk, their birthrate is so much higher that
more than half of the mothers of babies with Down
syndrome are younger than 35 years.’ The relation-
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ship of Down syndrome incidence to mother’s age
is as follows: 15 to 29 years, 1:1500; 30 to 34 years,
1:800; 35 to 39 years, 1:270; 40 to 44 years, 1:100;
and more than 45 years, 1:50.! The risk of Down
syndrome due to translocation or mosaic trisomy is
unrelated to maternal age. The paternal age appears
to have no influence on the risk.}?® The probability
that another child with Down syndrome will be
born in a subsequent pregnancy is somewhat in dis-
pute. Some authors state that the risk is about 1%,
regardless of maternal age, whereas others state that
the risk is about 1% plus maternal age—related
risk.?” Although a low figure, it is enough to justify
amniocenteses for chromosome studies on any
future pregnancy.

Prenatal screening for Down syndrome includes
maternal serum screening. Serum markers for Down
syndrome include maternal serum alpha-fetoprotein,
chorionic gonadotropin, and unconjugated estriol.
While these measurements are not a definitive test for
Down syndrome, a lower maternal serum alpha-
fetoprotein value, a lower unconjugated estriol level,
and an elevated chorionic gonadotropin level, on
average, suggest an increased likelihood of a fetus
with Down syndrome and additional diagnostic test-
ing may be desired.

Prenatal diagnostic tests can be performed to
determine the occurrence of Down syndrome. Most
commonly, an amniocentesis in performed.
Amniocentesis, done during the 14th to 18th weeks
of gestation, is the removal and analysis of a small
sample of fetal cells from the amniotic fluid. In addi-
tion, diagnostic ultrasound can reveal fetal malforma-
tions before birth. Increased nuchal translucency as
seen by ultrasound is associated with trisomy 21. The
cause of the transient fluid accumulation in the neck
is unknown although the appearance at birth is
usually normal.?

NURSING CARE

Implications for nursing care, when presented with
an infant exhibiting the clinical manifestations of
Down syndrome, include providing a thorough, sys-
tematic, head-to-toe physical assessment of the new-
born and offering information and support as
needed.?¥? The birth of an infant with a congenital
anomaly or the birth of an infant who is acutely ill
elicits feelings of loss, guilt, and confusion for parents.
Nurses must expect grief reactions and help the fam-
ily cope with the crisis. However, it is important to
note that not all parents respond the same, and the
diagnosis of Down syndrome may not be seen as a
crisis for all new parents. Strategies to help parents
cope include support for early contact between the
parents and the infant and explanations with factual
information of the infant’s condition and plan of care.
It is important that the information include a good
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balance of the challenges as well as the possible pos-
itives such as the love, joys, and rewards that can
come from raising any child. New parents are often
given nothing but the details of everything that can
go wrong. Parents also need reasons to be hopeful
about their child. Anecdotal information about par-
ticular individuals with Down syndrome, information
about early intervention, and the opportunity to con-
tact other parents of children with Down syndrome
are helpful. The lines of communication must be kept
open to reinforce information that the family may
have trouble processing and to assist the family in
responding to its grief. If diagnosed prenatally,
consultation with those previously involved with the
family and notification to the primary care provider
for immediate follow-up and support to the family
can be an anticipated nursing intervention. In
addition, providing the family with written informa-
tion on local and national support groups can be ben-
eficial. The nurse may offer to call a local support
group on behalf of the parents. Many parents may
want this support but find it difficult to make the call
themselves.!7:32

The passage in October 2008 of the Prenatally
and Postnatally Diagnosis Conditions Awareness
Act recognizes the need for physicians and other
healthcare professionals to educate families who
receive a prenatal or postnatal diagnosis of Down
syndrome and other conditions. The bill authorizes
the federal government, through the Department of
Health and Human Services, to providing funding
for grants to provide “up to date, scientific informa-
tion about life expectancy, clinical course, intellec-
tual and functional development, and prenatal and
postnatal treatment options.” It will also aid in cre-
ating support services for families, such as Web sites,
information clearinghouse, adoption registries, and
parent support groups, and for providing physicians
and other healthcare providers with current, evi-
dence-based information about Down syndrome
and other conditions.*%

Fundamental changes have occurred in the past
few decades to promote the best clinical practice for
children with Down syndrome. Last revised in 1999,
the Down Syndrome Health Care Guidelines Record
Sheet provides a preventative medical checklist that
includes information and recommendations specific
to the health and developmental needs of persons
with Down syndrome. 433 Current practices in pro-
viding care to those with Down syndrome include
primary emphasis of treatment of disease with
increased attention allocated to health promotion
and protection. The American Academy of
Pediatrics recommends the same immunizations and
well-child care for those children with Down
syndrome as for a typically developing child and
because of their increased risk for certain congenital
abnormalities and diseases, children with Down

—p—

syndrome should be further examined and tested
accordingly. There have been significant changes
impacting the lives of individuals with Down syn-
drome, not only medical changes but also changes in
education practices and community inclusion.*!°

The ongoing research and progress associated
with Down syndrome should be incorporated into
nursing care and practice. Most importantly, nursing
care should emphasize that children with Down
syndrome are children and, therefore, like other chil-
dren, they deserve state-of-the-art science and
technology as well as family-centered care.?>% In
addition, nursing care includes the awareness that
genetic differences in the disorder exist. Recognition
of these variations will help ensure that patients
receive the appropriate care and that families with
children who have Down syndrome can identify the
risk to future offspring.

MEDICAL MANAGEMENT

Medical care for infants with Down syndrome should
include the same well-baby care that other children
receive during the first years of life. Attention to
heart, digestive, orthopedic, or other medical condi-
tions identified during the neonatal period should
continue to be monitored. The optimal management
of the newborn with a genetic condition includes a
multidisciplinary team approach with participation
of pediatric specialists. Children with Down syn-
drome show varying degrees of developmental
delays. Language and motor delay become more
pronounced during the second year of life.%10.18:20
Physical therapy and speech therapy are important
for optimizing language and motor development.
The degree of central hypotonia is correlated to some
degree with later cognitive and motor development.!

Children with Down syndrome present a unique
circumstance to healthcare providers. In summary,
the practice guidelines set forth to serve as a guideline
for those caring for individuals with Down syndrome
should be followed. Part I: Clinical Practice Guidelines
for Children With Down Syndrome From Birth to 12
Years'* offers a conclusive approach to the care of
young children with Down syndrome. The guide-
lines review the importance of generating a thorough
health history, taking a physical examination, and the
anticipatory guidance piece of caring for those with
Down syndrome.!* In addition, primary healthcare
has become essential to helping individuals with
Down syndrome thrive and have longer, more pro-
ductive lives.

PROGNOSIS

The mortality for children with Down syndrome
varies greatly with the severity of associated malfor-
mations. Individuals with Down syndrome have
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developmental disabilities, with 1Qs usually ranging
from 25 to 70.172! By 40 years of age, individuals with
Down syndrome have an increased likelihood to
develop symptoms that are nearly identical to those
of Alzheimer’s disease.®1”?! With Down syndrome,
there is an increased incidence of neonatal death.!”
Statistics state that three-fourths of fetuses known to
have Down syndrome are spontaneously aborted or
stillborn and 40% of those born with Down syn-
drome and a congenital heart disease die in less than
5 years from infection. Survivors at 5 years have a
mean survival of 45 years, 20% of infants born with
Down syndrome die during their first 10 years of life,
and for those who survive beyond 10 years, the aver-
age life expectancy is now about 60 years.!121733 The
outcome for patients with duodenal atresia depends
more on the severity of these associated anomalies
and the ease with which they can be corrected than
on the surgical management of the obstruction
itself.1”?* The understanding of the mechanism of
abnormal cardiogenesis in children with Down syn-
drome centers around collagen type VI and its role
in the pathogenesis of heart defects.?

Children with Down syndrome have several
expected developmental and physical challenges.
These include poor physical growth and delayed
development with achieving milestones such as gross
and fine motor skills, speech, and secondary sex
characteristics. They may have frequent respiratory
tract infections or episodes of otitis media. Children
with Down syndrome may also exhibit transient
leukemoid reactions and polycythemia in the neona-
tal period and have a lifelong increased risk for
leukemia, thyroid disorders, premature senility, and
aging. Ophthalmologic abnormalities include strabis-
mus, cataracts, glaucoma, and refraction abnormali-
ties. Atlantoaxial instability may also be seen.!l:'

Characterized by deficient growth in infancy and
early childhood, children with Down syndrome are
less likely to remain at a given percentile level on the
growth charts.!® Deviations commonly occur
between 9 and 24 months.5%1%20 Specific growth
charts for children with Down syndrome have been
developed and are standardized. These charts were
derived from a study, which was based on a longitu-
dinal study of 90 children with Down syndrome
conducted at the Developmental Evaluation Clinic at
Boston Children’s Hospital.®

Ethical issues surrounding the diagnosis of Down
syndrome become evident in the neonatal period.
Since 1989, the US Commission on Civil Rights has
stated that withholding care on the basis of the diag-
nosis of Down syndrome is not acceptable and can-
not be supported ethically or legally.!”*! Before the
mid-1970s, it was commonplace to institutionalize
newborns with Down syndrome. Improved quality
of life for these individuals comes with early care and
proper management of health issues including

Advances in Neonatal Care+ Vol. 9, No. 1

cardiac, gastrointestinal, hearing, vision, and thyroid.
Intervention including early educational intervention
and support for families and the individual can
enhance life skills and optimize education, employ-
ment, and community life opportunities for those
with Down syndrome. %1117

Recent advances in mapping the human genome
will dramatically impact the care of children with
Down syndrome. Further studies related to chromo-
some 21 will provide a better understanding of the
pathogenesis of diseases commonly associated with
Down syndrome and may lead to advanced thera-
peutic management. Innovations in genetic analysis
have made it possible to determine the specific
regions of chromosome 21 that cause the typical fea-
tures of Down syndrome. The National Down
Syndrome Society is currently sponsoring research
on the causes of Down syndrome. In conclusion, the
genetic analysis of chromosomes, particularly chro-
mosome 21, has led to new perspectives on diseases.
The ability to identify and predict the outcome of a
particular individual given the genetic makeup offers
healthcare providers the opportunity to develop
individual unique approaches to care.!%!6:19.3
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