
regularly and appropriately have children that are
more likely to develop an accurate and sophisticated
body image. These parents provide a variety of forms
of tactile stimulation to a number of areas on the body.

EFFECTS OF TOUCH ON
EMOTION AND SOCIAL INTERACTION

Touch plays an integral role in the caregiver-child
relationship from the beginning of life. In one U.S.
sample, infants were touched for 33% to 61% of the
time during brief interactions with their mothers. The
frequency of contact is much higher in some cultures
such as the !Kung and the Efe tribe of Zaire where
mothers spend approximately 75% of the time in con-
tact with their infants.

In infancy, caregivers’ touch is thought to serve a
variety of communicative functions while they are in
contact with their infants. Two of the most important
are the communication of emotions, as well as the com-
munication of security. A number of studies indicates
that touch is capable of communicating and eliciting
positive and negative emotions. One powerful demon-
stration of the power of touch to elicit positive emotions
has been shown when researchers use the “still-face
paradigm” to study infant emotionality. The still-face
paradigm is comprised of a period of interaction when
the caregiver assumes a still-face, thereby not respond-
ing to the infant’s actions. During this period, infants
typically react negatively because this is an unusual
event in most infants’ lives. Several studies indicate that
if caregivers touch their infants during the still-face
period, their infants’ emotional displays are signifi-
cantly less negative and more positive compared to
infants who are not touched during the still-face period.

The quality of caregiver-infant touch is a central
feature of the responsive and available caregiving
environment that is necessary to foster an infant’s
sense of security. Several studies suggest that touch
between the caregiver and infant is the “ultimate
signal” of security of the infant. In one experimen-
tal study, researchers compared how infants were
attached to their caregivers when they carried their
infants ventrally in soft infant carriers versus those
who were carried in harder infant seats. The
researchers found that infants carried in the soft infant
carriers were significantly more likely to be securely
attached to their caregivers than infants who were
carried in the infant seats. This study and others
strongly suggest that touch plays a key role in the
communication of security to children.

Touch continues to play an integral role in
social communication in adulthood. For example,
touch communicates power and emotions to others, as
well as aids in persuading others to comply with our
requests. In addition, touch increases verbal interac-
tion among people, gains attention from others, and
communicates our attraction toward others.

In sum, touch not only helps us learn about the
world in which we live but plays an integral role in
several other domains of life including biological,
cognitive, and social development. Although touch
may be one of the most powerful and most important
sensory modalities across the life span, the study of
touch has remained minimal. Future work on touch
will continue to unravel the mysteries of touch.

—Matthew J. Hertenstein

See also Sensory Development
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TOURETTE’S SYNDROME

Tourette’s syndrome (TS) is a neurobehavioral
disorder named after the French neurologist Georges
Gilles de la Tourette who in 1885 described nine
patients with TS symptoms including verbal and
motor childhood-onset tics and other behavioral prob-
lems including poor impulse control and obsessive-
compulsive behaviors. The disease, once believed
to be extremely rare, is now considered to be quite
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common, affecting approximately 2% percent of the
population. The disease afflicts males 5 times more
often than females. The onset of TS, as characterized
by the emergence of motor and vocal tics, typically
emerges between the ages of 3 and 8 with a reduction
in these symptoms occurring by age 20.

SYMPTOMS

The hallmarks of TS are the motor and verbal
tics. These tics vary in complexity, duration (ranging
from 1 year to lifelong), intensity (from mild to severe),
and frequency (from rare to constant). Tics are brief
movements or sounds that appear unpredictably. They
emerge individually or in choreographed clusters and
can be expressed either intermittently or continuously
for hours. These tics fall into one of several cate-
gories: (1) motor tics which can include intense eye
blinking, throat clearing, and neck and arm twitch-
ing; (2) phonic tics such as repeated utterance of a
particular word, shouting (obscenities), or grunting;
(3) aggressive phenomenon such as self-injury, hitting,
kicking, or biting self or others; and (4) compulsive
behaviors that may include hand-washing, door lock-
ing, checking and organizing objects, and touching or
tapping others and objects.

The motor and phonic symptoms typically wax and
wane. This waxing and waning is most likely influ-
enced by ongoing brain developmental changes and
environmental influences such as stress. Additionally,
medications for TS can also cause changes in the
brain that result in corresponding behavioral changes.
The repertoire and severity of symptoms of TS patients,
therefore, require constant monitoring by the patient
and family, as well as by the physician who will adjust
the dose and type of medication accordingly. Studies
have reported that the highest incidence and severity
of tics occur with anticipation or resolution of emo-
tional changes. Consistent with this, stress, anxiety,
and fatigue exacerbate tics, and ironically, the very
urge and attempt to control the tic can itself lead to
additional stress and anxiety. Altogether, the disease
and its consequences can often lead to problems in
school performance and self-esteem, and also in a
variety of social and behavioral problems at school, at
home, and in society in general.

GENETICS

Tourette’s syndrome has a significant genetic com-
ponent. Several genes have been identified through

family studies, segregation analyses, candidate gene
studies, and linkage studies. TS inheritance may involve
several mechanisms including autosomal dominant,
bilinear, or polygenic mechanisms. Candidate genes
for TS pose a genetic susceptibility with such factors
as pre- or postnatal stress, and other environmental
factors such as viral infections or stress, increasing
their likelihood of expression. It is critical therefore
to continue studies designed to identify specific
gene-environmental interactions. The candidate genes
identified thus far appear to be involved in the regula-
tion of brain development and neurochemical signaling.
For example, several dopamine (DA) receptor (D1,
D2, D4, D5) and noradrenergic receptor (ADRA2a,
ADRA2c and DBH) genes and a few serotonin genes
have been identified. In conclusion, many candidate
genes that pose a susceptibility to developing TS have
been identified. The heterogeneity of identified TS
genes together with their varying etiologies and envi-
ronmental interactions make it impossible to provide
a single or simple explanation for the etiology of
TS. Research progress in this area will lead to a better
understanding and predictability of the etiology of TS
and improved treatments for these patients.

NEUROBIOLOGY

Numerous neuroanatomical and brain imaging
(fMRI, PET, SPECT) studies have identified the pre-
frontal cortex (PFC)–basal ganglia (BG) circuit as the
major system involved in Tourette’s syndrome. This
circuit is involved primarily in regulating a variety
of motor, limbic, and cognitive functions. The dorsal
striatum (consisting of the caudate and putamen) of
the BG is implicated primarily in motor control and
habit formation, whereas the ventral striatum is impli-
cated in compulsivity and addiction. The prefrontal
cortex is involved in such higher-order executive deci-
sions as impulse control. Other related areas such as
the brain stem, which has been implicated in eye blink
reflex, have also been implicated as well as other areas
that interact with the PFC-BG circuit including motor,
cingulate, temporal, and parietal cortical areas, Broca’s
area, thalamus, and cerebellum.

The overriding problem in TS appears to be the
overactivity of motor and motivational/reinforcement
systems with an inability of the prefrontal cortex
to override or inhibit those related behaviors. TS
patients, like patients with prefrontal damage, reveal
poor performance on impulsivity control tasks. A
functional neuroimaging study revealed an increase
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in neural activity in the prefrontal and caudate nucleus
and a decrease in the motor-related putamen and
globus pallidus in a tick suppression task. Performance
on tasks requiring other higher-order functions such
as learning and memory, however, remained normal in
TS patients.

Examination of the specific neuroanatomical
abnormality of the prefrontal-BG circuit has revealed
a decrease in the volume of these brain areas in TS
patients. It remains unclear, however, as to whether
these brain differences are necessarily due to damage
or due to compensatory mechanisms. The compen-
satory nature of the brain further suggests that
these individuals may develop alternative cognitive
and behavioral strengths that are not dependent on the
damaged brain areas. Special efforts should be made
by the family, educators, and physicians to help the
patient identify such strengths and talents.

Detailed synaptic and receptor microcircuitry
abnormalities within the PFC-BG circuits, however,
have not been fully explored. The identification of
specific cellular and biochemical circuits will help to
improve site-specific targeted treatments for this dis-
order. For example, striatal cholinergic neurons of the
striatum are known to signal reward and in turn influ-
ence motor signaling as well as incoming prefrontal
cortical signals. Dr. Alcantara’s work has implicated
these neurons and their corresponding dopamine D2
receptors to play a key role in the development of drug
abuse and possibly in the treatments designed to treat
addiction. Further investigations should examine
whether these cholinergic neurons are also critical for
motor and impulse control in TS patients.

TS patients express comorbidity with two other
PFC-BG related disorders: obsessive-compulsive dis-
order (OCD) and attention-deficit-hyperactivity disor-
der (ADHD; which involves increased inattention,
hyperactivity, and impulsivity). TS patients also have a
high incidence of depression, anxiety, and aggression.
Additionally, family members of TS patients show a
higher than normal incidence for OCD, ADHD, drug
or alcohol dependency, depression, anxiety, eating dis-
orders, and panic disorders, all of which share a com-
mon neuroanatomical and biochemical basis with TS.

NEUROTRANSMITTER SYSTEMS

Two neurotransmitter systems most likely affected
by TS are the dopaminergic and norepinephrine
systems. The dopamine system, central to the PFC-BG
circuit, is suggested to be hypofunctional, further

implicating the supersensitivity of dopamine D2
receptors and therefore requiring drugs that block
these receptors. The norepinephrine (NE) system
originating in the brain stem influences motivation,
attention, and arousal in the PFC-BG circuit and is also
suggested to be hypofunctional, requiring the use of
adrenergic (NE) receptor agonists.

TREATMENTS

Pharmacological Treatments

Two classes of antipsychotic drugs that target
the DA and NE systems are most widely used. These
include the neuroleptics, including fluphenazine,
haloperidol, pimozide, sulpiride, and tiapride, which
are effective in reducing the symptoms of TS (side
effects include sedation or dysphoria). Additionally
the alpha2 adrenergic agonists such as clonidine,
desipramine, guanfacine, and risperidone often show
benefit (side effects include sedation and irritability).

Behavioral Treatments

Behavioral treatment or combined behavioral treat-
ment with drugs is the most effective in treating the
symptoms of TS. Cognitive behavior therapy (CBT) is
the main behavioral treatment of choice. CBT includes
habit reversal, which is the most promising treatment
consisting of awareness training, self-monitoring, relax-
ation training, competing response training, and contin-
gency management. Also hypnotherapy, biofeedback,
conductual therapies, acupuncture, electroconvulsive
therapy, meditation, and surgery have been employed.
Surgery, however, is the most invasive and can lead to
subsequent brain circuit deterioration. Both drug and
behavioral treatments can target and modify the
affected brain areas and related receptor and synaptic
microcircuits. These treatments thereby show much
promise for the successful long-term treatment of TS.
Continued research in the areas of TS and improved
animal models should continue to shed light on our
understanding of the etiology of TS and the develop-
ment of improved site-specific targeted behavioral and
pharmacological treatments for Tourette’s syndrome.

—Adriana A. Alcantara
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TOXOPLASMOSIS

Toxoplasmosis (toxo) is a common parasitic
infection that, often completely asymptomatic when
acquired by adults, may have serious adverse conse-
quences when transmitted by a pregnant woman to
her embryo/fetus. The responsible parasite, toxoplasma
gondii occurs worldwide, but infections are more
common in warmer climates. Infection generally
occurs through eating undercooked meat or unwashed
fruit/vegetables or contact with infected cat feces
or soil.

ADULT INFECTION

Testing reveals evidence of toxo in many adults.
In a minority of normal adults with primary adult
infections, symptoms do occur and may include fever,
general malaise, and enlargement of lymph nodes.
Subsequently, the parasite forms cysts throughout the
body which may remain latent for years. Reactivation
of the cysts in the eyes of a small percent of affected
individuals may cause recurrent vision problems. In
adults with severely impaired immune systems, pri-
mary toxo infection may have serious consequences,
including death. Primary infection generally leads
to development of antibodies that protect against
reinfection.

PRENATAL/CONGENITAL INFECTION

Major concern with toxo is its potential congenital
effects. Toxo is one of several infections that may
have serious adverse effects on offspring if primary
infection of a pregnant woman is transmitted pre- or
perinatally to her embryo/fetus. Such infections
are variously called prenatal/perinatal, congenital, or
maternal infections. Since newborns affected by these

infections share characteristics, identification of
the particular agent is often only through laboratory
analysis.

Overall probability across pregnancy of congenital
infection of the embryo/fetus is about 30%. However,
probability of infection is inversely related to duration
of gestation: Risk is very low early in pregnancy and
only about 6% at 13 weeks, but thereafter rises virtu-
ally exponentially to about 80% just before birth.

Congenital toxo can lead to intrauterine growth
retardation (IUGR) and, rarely, stillbirth. Many
children with congenital toxo are asymptomatic. In
those who do show symptoms, the most common
is retinochoroiditis. Hydrocephalus, intracranial
calcification, mental retardation, and other neurologi-
cal deficits may also occur. Hearing impairment
may develop in childhood. Incidence and severity of
adverse effects are inversely related to time in gesta-
tion at which infection occurs: Adverse impact is
greatest with infection early in pregnancy and dimin-
ishes thereafter. Ocular lesions can occur and reoccur
at any age, but again, risk appears to diminish with
gestation age at time of primary maternal infection.
When a toxo infection is identified, which may not be
until 12 months of age, antiparasitic agents may be
administered.

IDENTIFICATION AND PREVENTION

Since primary T. gondii infection leads to sub-
sequent production of antibodies that protect the
embryo/fetus from infection, concern is with women
who have no antibodies at the beginning of pregnancy.
Serological testing can identify women who do not
have T. gondii antibodies at the outset of pregnancy
and retesting can identify development of antibodies,
indicating a primary infection. Ultrasound detection
of signs such as enlarged cerebral ventricles and
intracranial calcification are suggestive of prenatal
toxo. Diagnosis can be confirmed through detection of
the parasite in amniotic fluid. In cases of maternal or
embryonic infection, pregnant women may be treated
with antiparasitic agents in an attempt to prevent
adverse effects. However, although such identification
programs and treatments are common in Europe, their
use involves risks to the embryo/fetus, and their effec-
tiveness is controversial. In cases of confirmed diag-
nosis, the pregnancy may be terminated. See Gilbert
(2000) for a detailed discussion.

The best prevention of congenital toxo is for
pregnant women to avoid primary infection. Given

1280———Toxoplasmosis

Salkind-T.qxd  9/9/2005  12:23 PM  Page 1280

squesenberry
Text Box

squesenberry
Text Box




