1290 including the stomach. They are susceptible to chlorine-containing
cleansers but resistant to inactivation by standard disinfectants (e.g.,
alcohol, detergents) and can persist for days at room temperature.

PART 8
Infectious Diseases

PATHOGENESIS AND IMMUNITY
Much of what is known about the pathogenesis of enteroviruses has
been derived from studies of poliovirus infection. After ingestion,
poliovirus is thought to infect epithelial cells in the mucosa of the
gastrointestinal tract and then to spread to and replicate in the submucosal lymphoid tissue of the tonsils and Peyer’s patches. The virus
next spreads to the regional lymph nodes, a viremic phase ensues,
and the virus replicates in organs of the reticuloendothelial system. In
some cases, a second episode of viremia occurs and the virus replicates
further in various tissues, sometimes causing symptomatic disease.
It is uncertain whether poliovirus reaches the central nervous system
(CNS) during viremia or whether it also spreads via peripheral nerves.
Since viremia precedes the onset of neurologic disease in humans, it
has been assumed that the virus enters the CNS via the bloodstream.
The poliovirus receptor is a member of the immunoglobulin superfamily. Poliovirus infection is limited to primates, largely because their
cells express the viral receptor. Studies demonstrating the poliovirus
receptor in the end-plate region of muscle at the neuromuscular junction suggest that, if the virus enters the muscle during viremia, it could
travel across the neuromuscular junction up the axon to the anterior
horn cells. Studies of monkeys and of transgenic mice expressing the
poliovirus receptor show that, after IM injection, poliovirus does not
reach the spinal cord if the sciatic nerve is cut. Taken together, these
findings suggest that poliovirus can spread directly from muscle to the
CNS by neural pathways.
Poliovirus can usually be cultured from the blood 3–5 days after
infection, before the development of neutralizing antibodies. While
viral replication at secondary sites begins to slow 1 week after infection, it continues in the gastrointestinal tract. Poliovirus is shed from
the oropharynx for up to 3 weeks after infection and from the gastrointestinal tract for as long as 12 weeks; hypogammaglobulinemic patients
can shed poliovirus for >20 years. During replication in the gastrointestinal tract, attenuated oral poliovirus can mutate, reverting to a
more neurovirulent phenotype within a few days; however, additional
mutations are probably required for full neurovirulence. One patient
with hypogammaglobulinemia who had been infected 12 years earlier
and was receiving IV immune globulin suddenly developed quadriplegia
and respiratory muscle paralysis and died; analysis showed that the
virus had reverted to a more wild-type sequence.
Humoral and secretory immunity in the gastrointestinal tract is
important for the control of enterovirus infections. Enteroviruses
induce specific IgM, which usually persists for <6 months, and specific
IgG, which persists for life. Capsid protein VP1 is the predominant
target of neutralizing antibody, which generally confers lifelong

protection against subsequent disease caused by the same serotype
but does not prevent infection or virus shedding. Enteroviruses also
induce cellular immunity whose significance is uncertain. Patients
with impaired cellular immunity are not known to develop unusually
severe disease when infected with enteroviruses. In contrast, the severe
infections in patients with agammaglobulinemia emphasize the importance of humoral immunity in controlling enterovirus infections.
Disseminated enterovirus infections have occurred in hematopoietic
cell transplant recipients. IgA antibodies are instrumental in reducing
poliovirus replication in and shedding from the gastrointestinal tract.
Breast milk contains IgA specific for enteroviruses and can protect
humans from infection.
EPIDEMIOLOGY
Enteroviruses have a worldwide distribution. More than 50%
of nonpoliovirus enterovirus infections and more than 90% of
poliovirus infections are subclinical. When symptoms do
develop, they are usually nonspecific and occur in conjunction with
fever; only a minority of infections are associated with specific clinical
syndromes. The incubation period for most enterovirus infections
ranges from 2 to 14 days but usually is <1 week.
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Enterovirus infection is more common in socioeconomically disadvantaged areas, especially in those where conditions are crowded
and in tropical areas where hygiene is poor. Infection is most common among infants and young children; serious illness develops most
often during the first few days of life and in older children and adults.
In developing countries, where children are infected at an early age,
poliovirus infection has less often been associated with paralysis; in
countries with better hygiene, older children and adults are more likely
to be seronegative, become infected, and develop paralysis. Passively
acquired maternal antibody reduces the risk of symptomatic infection
in neonates. Young children are the most frequent shedders of enteroviruses and are usually the index cases in family outbreaks. In temperate climates, enterovirus infections occur most often in the summer
and fall; no seasonal pattern is apparent in the tropics.
Most enteroviruses are transmitted primarily by the fecal-oral or
oral-oral route. Patients are most infectious shortly before and after
the onset of symptomatic disease, when virus is present in the stool
and throat. The ingestion of virus-contaminated food or water also
can cause disease. Certain enteroviruses (such as enterovirus 70,
which causes acute hemorrhagic conjunctivitis) can be transmitted by
direct inoculation from the fingers to the eye. Airborne transmission
is important for some viruses that cause respiratory tract disease, such
as coxsackievirus A21. Enteroviruses can be transmitted across the placenta from mother to fetus, causing severe disease in the newborn. The
transmission of enteroviruses through blood transfusions or insect
bites has not been documented. Nosocomial spread of coxsackievirus
and echovirus has taken place in hospital nurseries.
CLINICAL FEATURES
Poliovirus Infection Most infections with poliovirus are asymptomatic.
After an incubation period of 3–6 days, ~5% of patients present with
a minor illness (abortive poliomyelitis) manifested by fever, malaise,
sore throat, anorexia, myalgias, and headache. This condition usually
resolves in 3 days. About 1% of patients present with aseptic meningitis (nonparalytic poliomyelitis). Examination of cerebrospinal fluid
(CSF) reveals lymphocytic pleocytosis, a normal glucose level, and
a normal or slightly elevated protein level; CSF polymorphonuclear
leukocytes may be present early. In some patients, especially children,
malaise and fever precede the onset of aseptic meningitis.
Paralytic poliomyelitis The least common presentation is that of
paralytic disease. After one or several days, signs of aseptic meningitis
are followed by severe back, neck, and muscle pain and by the rapid
or gradual development of motor weakness. In some cases the disease appears to be biphasic, with aseptic meningitis followed first by
apparent recovery but then (1–2 days later) by the return of fever and
the development of paralysis; this form is more common among children than among adults. Weakness is generally asymmetric, is proximal more than distal, and may involve the legs (most commonly);
the arms; or the abdominal, thoracic, or bulbar muscles. Paralysis
develops during the febrile phase of the illness and usually does
not progress after defervescence. Urinary retention may also occur.
Examination reveals weakness, fasciculations, decreased muscle tone,
and reduced or absent reflexes in affected areas. Transient hyperreflexia sometimes precedes the loss of reflexes. Patients frequently
report sensory symptoms, but objective sensory testing usually yields
normal results. Bulbar paralysis may lead to dysphagia, difficulty
in handling secretions, or dysphonia. Respiratory insufficiency due
to aspiration, involvement of the respiratory center in the medulla,
or paralysis of the phrenic or intercostal nerves may develop, and
severe medullary involvement may lead to circulatory collapse. Most
patients with paralysis recover some function weeks to months after
infection. About two-thirds of patients have residual neurologic
sequelae.
Paralytic disease is more common among older individuals, pregnant women, and persons exercising strenuously or undergoing
trauma at the time of CNS symptoms. Tonsillectomy predisposes to
bulbar poliomyelitis, and IM injections increase the risk of paralysis in
the involved limb(s).
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