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Poliomyelitis and the Post-Polio Syndrome
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In the first half of the this century, epidemics of polio-
myelitis (polio) ravaged the world. In the epidemic of
1952, over 20,000 Americans developed paralytic polio.
With the introduction of the Salk inactivated polio vac-
cine (IPV) in 1954 and the Sabin oral polio vaccine
(OPV) in 1961, the number of paralytic cases decreased
to a handful per year. Polio had vanished and no longer
was on the consciousness of Americans. The elimination
of polio was a tremendous achievement for science and
American medicine. However, in the late 1970s, sur-
vivors of paralytic polio began to notice new health prob-
lems that included fatigue, pain, and new weakness,
thought not to be “real” by the medical establishment.
The term “post-polio syndrome” (PPS) was coined by
these patients to emphasize their new health problems.

This chapter reviews acute poliomyelitis and the
related PPS.

POLIOMYELITIS
History

Poliomyelitis has occurred sporadically from 1600 to
1300 BC (1); however, epidemic poliomyelitis is a mod-
ern disease related to improved sanitation and human
hygiene of the Western world (2). The first epidemics
occurred in Europe in the mid-1800s and in North Amer-
ica in the 1890s. In 1870, Charcot and Joffroy ascribed
flaccid paralysis to anterior horn cell damage. In 1905,
Wickman recognized that asymptomatic infection and
transmission occurred via the gastrointestinal tract (3). In
1909, Landsteiner and Popper (4) transmitted polio-
myelitis to monkeys by the intracerebral inoculation of
human brain tissue homogenates. In 1949, Enders et al.
(5) cultured poliovirus in nonneural tissues, eliminating
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animals for pathogenetic studies, and the three poliovirus
serotypes were also recognized (6,7).

The most important development in the history of
poliomyelitis was the introduction of polio vaccines. They
decreased the incidence of paralytic poliomyelitis in the
United States to fewer than 10 cases per year (8,9). Recent
developments have included the cloning and sequencing
of several strains of the three types of poliovirus (10-17)
and the resolution of the viral structure to 29 nm by x-ray
crystallography (18). These techniques have made it pos-
sible to determine the precise viral coat amino acids that
induce antibody responses (19) and the location and the
amino acid sequence of the site on the virus for cellular
attachment (16,18,20). The poliovirus receptor on the cell
membrane has been identified and is a member of the
immunoglobulin superfamily (21).

Clinical Manifestations
Definitions and Nomenclature

Poliovirus infections can be divided into minor and
major forms (22) (Fig. 1). The minor illnesses occur 1 to
3 days before the onset of paralysis, with gastrointestinal
complaints of nausea and vomiting, abdominal cramps
and pain, and diarrhea and the systemic manifestations of
sore throat, fever, malaise, and headache.

The major illness includes all forms of central nervous
system (CNS) disease caused by poliovirus, including
aseptic meningitis or nonparalytic polio, polioencephali-
tis, bulbar polio, and paralytic poliomyelitis, alone or in
combination. It can follow the minor illness immediately
or more often within 3 to 4 days or occur without the
minor illness. It is common for patients to have aseptic
meningitis recognized by stiff neck, back pain, photopho-
bia, and headache before the onset of paralytic polio.
Polioencephalitis precedes paralysis and rarely occurs
alone. It can manifest as tremulousness, obtundation, agi-
tation, and autonomic dysfunction. The latter is recog-
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FIG.1. Schematic diagram of the clinical forms of poliomyelitis correlated with the times at which virus
is present in various sites and the development of serum antibodies. (From Ref. 22, with permission.)

nized by labile hypertension, hypotension, tachycardia,
arrhythmias, and excessive sweating. There may be upper
motor neuron (UMN) signs of spasticity and hyper-
reflexia and Babinski signs (23). Muscle pains, muscle
cramps, fasciculations, and radicular pain rarely occur
without paralysis, but when they do, they usually precede
paralysis by 24 to 48 hours. Paralytic disease is due to
poliovirus infection of the motor neuron. Spinal cord
anterior horn cells and other motor neurons are selec-
tively vulnerable to poliovirus infection (24-27). Infec-
tion by poliovirus results in a variable distribution and
variable extent of paralysis.

Clinical Symptoms and Signs

Paralytic poliomyelitis can be of bulbar, spinal, or bul-
bospinal types (28). Paralytic disease accounts for 0.1 to
2.0% of all poliovirus infections during an epidemic
(22,29). Spinal paralytic poliomyelitis is the most com-
mon type. It affects the lower extremities more frequently
than the upper, and paralysis is usually asymmetric, flac-
cid, patchy, and more proximal than distal (30). As paral-
ysis progresses, reflexes are lost. Over several days, the
other extremities may become paralyzed, and bulbar
involvement may occur. Extension of paralysis is unlikely

to occur 5 to 6 days after the onset of paralysis. Atrophy
develops over several weeks. Rarely, a transverse myelitis
with paraparesis, urinary retention, sensory complaints
and signs and autonomic dysfunction including hyper-
hidrosis or hypohidrosis, and decreased limb temperature
may occur (31,32).

Bulbar or brainstem poliomyelitis occurs in 10 to 15%
of paralytic cases (30). It can involve any of the cranial
nerves and the medullary reticular formation. Affected
adults usually have bulbospinal poliomyelitis, whereas
children are more likely to have isolated bulbar involve-
ment. The most frequently involved cranial nerves are the
VIIth, IXth, and Xth, resulting in facial weakness and dif-
ficulty with swallowing and phonation. Reticular forma-
tion involvement can result in respiratory problems with
ataxic breathing, lethargy and obtundation, and cardio-
vascular dysfunction including hypotension, hyperten-
sion, and cardiac arrhythmias (33).

Chronic or persistent poliovirus infection occurs infre-
quently in children with immunodeficiency who receive
the live oral vaccine (34,35). The immunodeficiency is
usually agammaglobulinemia, but infection also rarely
occurs in those with cellular immunodeficiency usually
several months after vaccination (34-36). The affected
individual may present with lower motor neuron (LMN)



paralysis and progressive cerebral and intellectual dys-
function, with death in several months. Similar chronic
infections have been caused by other enteroviruses (37).

Epidemiology
Incidence

The incidence of paralytic poliomyelitis peaked in the
United States in 1952 with more than 20,000 cases (38).
Because of the introduction of the killed IPV, or Salk vac-
cine, in 1954 and the live attenuated OPV, or Sabin vac-
cine, in 1961, the incidence has decreased to less than 10
cases per year in the United States (Fig. 2) (1,8,9,39).
There is still a relatively high occurrence of the disease in
Asia and Africa (40,41).

Transmission

Poliovirus is primarily spread by fecal-hand-oral trans-
mission from one host to another. The virus is shed in oral
secretions for several weeks and in the feces for several
months (22,42). It is often introduced into the household
by small children who are not toilet trained (43) and
spreads in a family very rapidly, infecting most members
in 4 to 5 days (42,44). Household spread depends on prior
immunity, household size, and sanitary hygiene condi-
tions (45). Transmission is related also to environmental
factors such as sanitation, level of hygiene, crowded con-
ditions, geography, the season, and host characteristics.

Endemic Versus Epidemic Activity

The geographic location and the accompanying tem-
perature changes are factors that result in endemic or epi-
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demic poliovirus activity. In tropical and semitropical
areas, poliovirus circulates year around, the so-called
endemic pattern, whereas in temperate zones, epidemics
peak in the summer and early fall (45,46). From ancient
times until the late 1800s, poliovirus activity was primar-
ily endemic due to crowding, poor personal hygiene, and
poor public sanitation (47,48). By early childhood, most
individuals had been infected by all three types of
poliovirus (49), and infrequently sporadic cases of para-
lytic poliomyelitis or true “infantile paralysis“ were seen
(50). This endemic pattern still occurs in semitropical and
tropical underdeveloped areas of the world.

In the late 1800s, in developed temperate areas of the
world, epidemic activity began to occur probably due to
improved personal hygiene and public sanitation (2,51);
accordingly, infants and small children were not previ-
ously exposed to poliovirus, creating a large pool of sus-
ceptible older children, adolescents, and adults. Because
the latter are more likely to develop severe disease (3),
when poliovirus infection sweeps through this virgin pop-
ulation, a high rate of paralysis can occur (22).

Predisposing Factors

There are other predisposing factors for paralytic
poliomyelitis (3). Age is one factor; older children, ado-
lescents, and adults have more severe and extensive paral-
ysis and a higher incidence of death than infants and
young children (52-54). Men and boys have a greater
susceptibility to poliomyelitis (52,54). Tonsillectomy
before or at the time of infection is associated with a
higher incidence of bulbar involvement. Traumatic and
injected extremities are more likely to become paralyzed,
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FIG. 2. Incidence of poliomyelitis in the United States, 1935-1964. (From Ref. 1, with permission.)






