
CHAPTER 9

Enteroviruses

Joseph L. Melnick

1. Introduction

The enterovirus group, named in 1957,(SI,236) brought to
gether polioviruses, coxsaclcieviruses, and echoviruses, all
of which inhabit the human alimentary tract. These viruses
share a number of clinical, epidemiologic, and ecological
characteristics as well as physical and biochemical prop
erties.
Enteroviruses of human origin include the following:

I. Polioviruses: types 1-3.
2. Coxsaclcieviruses A: 23 types and several variants [coxsac
kieviruses A1-A24 (coxsackievirus type A23 is the same
virus as echovirus 9l].

3. Coxsackieviruses B: types BI-B6.
4. Echoviruses: 31 types [types 1-33 (echovirus to has been
reclassified as reovirus type I, and echovirus 28 as rhi
novirus type IAl].

5. Enterovirus types 68-71: These viruses would formerly
have been classed as either coxsackievirus or echovirus
types (see Section 2l.

6. Enterovirus 72: Hepatitis A virus has been provisionally
classified as this serotype.

In 1963, the name picornavirus (pico = small; rna =
ribonucleic acid genome) was introduced as a larger group
ing(234) to which not only the enteroviruses but also the rhi
noviruses would belong by reason of fundamental sim
ilarities in many of their properties. With the advancement of
viral classification on the basis of further knowledge of bio
physical and biochemical characteristics, the International
Committee on Nomenclature of Viruses has officially as
signed family status (Picornaviridae) to this larger taxon,
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with Enterovirus as one genus, Rhinovirus as another, and
two other genera chiefly infecting lower animals-Aph
thovirus andCardiovirus, including, respectively, the agents
of foot-and-mouth disease of cattle and encephalomyocar
ditis virus of rodents. (S3.230)
Another important virus, hepatitis A virus (HAV), has

been classified as enterovirus type 72,(204) although more
recent molecular evidence suggests that it may ultimately be
placed into a separate genus of Picornaviridae. In Table I,
the properties that have been determined for HAVare listed
alongside the properties of the first known enterovirus, po
liovirus type I. Now that HAV has been classified, we can
make certain predictions about its other properties, the most
significant of which are the following: (I) One would not
expect there to be chronic carriers ofHAV, since carriage of
an enterovirus is usually limited to a few weeks, and (2) one
would not expect HAV to cause posttransfusion hepatitis,
since enterovirus viremia is rarely detected and never lasts
longer than I or 2 days.
Enteroviral isolates continue to be reported that are not

neutralized by any of the known antisera, and undoubtedly
some are truly new serotypes. In addition to the enteroviruses
of humans, numerous enteroviruses of lower animals are
known, and certain plant and insect viruses also have proper
ties similar to those of the picornaviruses, as do some of the
RNA-containing bacteriophages.
Many enteroviruses cause diseases in man ranging from

severe and permanent paralysis to minor undifferentiated
febrile illnesses. For all members of the group, however,
subclinical infection is far more common than clinically
manifest disease. Although certain enteroviruses have been
more frequently responsible for epidemics involving a spe
cific syndrome, the same serotypes may at other times and in
other places be associated with sporadic infections having
different clinical manifestations or producing no symptoms.
On the other hand, different viruses may produce the same
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•As measured by electron microscopy.
.Values of 23,000, 25,500, and 34,000 have also been reponed.

Table 1. Comparative Biophysical Properties of
Hepatitis Type A Virus and Poliovirus Type 1

syndrome. For these reasons, clinical disease is not a satis
factory basis for classification or-as a rule-for diagnosis.
Poliomyelitis is an acute infectious disease that in its

serious form affects the CNS. The destruction of motor neu
rons in the spinal cord results in flaccid paralysis.
The coxsackieviruses produce a variety of illnesses, in

cluding aseptic meningitis, herpangina, epidemic myalgia
(pleurodynia, Bomholmdisease), hand, foot, and mouth dis
ease, myocarditis, pericarditis, pneumonia, rashes, and
common colds. They may also have a role in some congenital
malformations and perhaps in some forms of diabetes.
Aseptic meningitis, febrile illnesses with or without

rash, and common colds are among the diseases caused by
echoviruses.

Among the newer enterovirus types, enterovirus 68 has
caused lower respiratory illnesses, enterovirus 70 is the agent
of widespread epidemics of acute hemorrhagic con
junctivitis, and enterovirus 71 has caused aseptic meningitis
and encephalitis and hand, foot, and mouth disease in a
number of countries. (Further details of clinical manifesta
tions of enterovirus infections are given in Section 8.1.)
Because polioviruses can cause the most severe disease

of any for which enteroviruses are responsible, these agents
have received the most comprehensive study and have served
as models in studies of other enteroviruses. In this chapter,
therefore, poliovirus studies are used frequently as il
lustrative of phenomena that also hold true for other
enteroviruses.

Physicochemical
characteristics of major

virus-particle
population

Morphology
Diameter
Envelope
Sedimentation rate
Density (CsCI)
Nucleic acid
Type

Lengtha

Molecular weight
Polypeptides (major)
molecular weights

Hepatitis type A
virus

28 nm
None
160 S

1.34 glml

Single-stranded
RNA
1.7 jLm

1.9 X 106

22,OOOb
24,000
29,000

Poliovirus type
1

28 nm
None
160 S

1.34 glml

Single-stranded
RNA
2.3 jLm

2.6 X 106

24,000
25,000
34,000

2. Historical Background

Awealth of detailed information on the development of
knowledge of enteroviruses is available in earlier reviews
and textbooks.(24,62,145,214,216,217,323) Consequently, only a
few of the historic advances in knowledge of the entero
viruses will be mentioned here; for more information, see
Paul(305) and Melnick,(223)
Although crippling disease retrospectively recognizable

as paralytic poliomyelitis appears in records of early antiq
uity, it began to be described as a clinical entity only in the
late 18th and early 19th centuries and became the subject of
intensified study after increasingly severe epidemics began
to appear in Europe and North America. Experimental work
became possible with the successful transmission of the dis
ease to monkeys in 1908 by Landsteiner and POpper.(186)
During the next 40 years, it was shown that the virus was
regularly present in stools of patients, that subhuman pri
mates could be infected by the alimentary route, and that
strains could be adapted to growth in laboratory rodents,
permitting an expansion of laboratory studies. Significant
antigenic differences among poliovirus strains were docu
mented, resulting in their separation into three serological
types, and it was discovered that polioviruses can be isolated
and cultivated in vitro, in cell cultures derived from primate
nonneural tissue.
The first strains of what are now known as cox

sackievirus subgroupAwere isolated by inoculation of infant
mice with fecal material from two children suffering from
paralysis during an epidemic ofpoliomyelitis in 1948 in Cox
sackie' New York. (63) Additional types, including the first of
the coxsackieviruse~ of subgroup B,(252) were discovered
shortly thereafter. Coxsackievirus B agents were associated
with a syndrome like nonparalytic poliomyelitis (aseptic
meningitis) and also with epidemic myalgia and pleuro
dynia.(57) Group A and B coxsackieviruses were dis
tinguished by their differing pathological effects in baby
mice (see Section 4).

As soon as cultures of human and monkey cells began to
be used to search for polioviruses in stool specimens of pa
tients,(79) still more unknown viruses were found that, unlike
polioviruses and the newly recognized coxsackieviruses,
were not pathogenic for laboratory animals but produced
cytopathic effects in cultured cells. (231,324)
It soon became apparent that these agents could be iso

lated from healthy children(l21,136,231,318) as well as from
patients with aseptic meningitis(21 1,231 ) and that multiple
types existed.(211,318) Because the relationship of these new
ly recognized agents to human disease was unknown, and
because they failed to produce illness in laboratory animals,
they were called ..orphan" viruses or human enteric viruses;
later they became known as ECHO (enteric cytopathogenic



human orphan) viruses,(50) a name subsequently simplified
to "echoviruses."

In addition to their characteristic mouse pathogenicity,
certain of the coxsaclcieviruses were found to grow readily in
tissue cultures; other strains, serologically identical with the
mouse-pathogenic prototype, failed to produce paralysis in
baby mice. Conversely, certain strains of echoviruses were
found to be pathogenic for mice. As instances of such over
lapping properties accumulated, blurring the initial distinc
tion made between coxsaclcieviruses and echoviruses, it was
recommended(327) that subsequently, as new enterovirus
types were discovered, they would simply be assigned se
quential numbers, as enterovirus 68, enterovirus 69, and so
on. The currently accepted serotypes thus assigned are listed
in Table 8 (Section 8).

3. Methodology Involved in Epidemiologic
Analysis

3.1. Sources of Mortality Data

In the United States, paralytic poliomyelitis, aseptic
meningitis, encephalitis, and any poliovirus that is isolated
are "notifiable," Le., regularly required to be reported to
local, state, and national health officers. But among fatalities
caused by enteroviruses, only poliomyelitis is generally con
firmed by virus isolation. Thus, in deaths from infections by
other enteroviruses (such as encephalomyocarditis in in
fants), the virus responsible may not be recognized unless
testing facilities are available. Information reported to the
U.S. Centers for Disease Control (CDC) is regularly and
promptly circulated in the CDC publication Morbidity and
Mortality Weekly Report and in special annual CDC sur
veillance summaries on poliomyelitis, on aseptic meningitis
and encephalitis, and on the viruses being isolated and
identified.

In worldwide surveillance and reporting programs of
'he World Health Organization (WHO), also, the most con
sistently investigated enterovirus-associated fatalities are
those involving poliomyelitis. However, increasingly broad
and useful information is becoming available on other en
terovirus diseases (see Sections 3.2, 5, and 8).
The case-fatality rate for poliovirus infection is not easi

ly determined because of the difficulties in diagnosing non
paralytic infections. In years of high prevalence, the case
fatality rate may appear lower than in years of low prevalence
because of the likelihood that nonparalytic poliomyelitis is
diagnosed more readily at times ofepidemic prevalence. The
usual rate varies between 5 and 10% and is highest in the
older age groups. In the last major prevaccine epidemics in
the United States, in which one-third of the cases occurred in
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patients over 15 years old, two-thirds of the deaths were in
this age group.

3.2. Sources of Morbidity Data

The sources ofmorbidity data for enteroviruses are gen
erally far from ideal in that most studies, necessarily con
ducted in localized or special groups, can only suggest what
may occur in the population generally. Results depend on the
industriousness of the individual investigator, the specific
type of situation (e.g., military or institutional), the means of
data collection, and the investigator's knowledge of prior
reports in the literature and his ability to relate his findings to
them.

Many fruitful enterovirus studies have centered around
patients as they came to medical attention or have been occa
sioned by outbreaks of illness; others have entailed observa
tions of special populations or have consisted of challenge
experiments with volunteers. Such investigations can yield
valuable knowledge of routes of transmission, types and se
verity ofclinical illness that can be associated with infection,
sites and duration ofvirus excretion, and antibody responses.
But with a group of agents such as the enteroviruses,

these studies have certain limitations; large proportions of
enterovirus infections are subclinical and do not reach the
attention of a physician; a single enterovirus serotype may
produce a variety of syndromes, and a similar syndrome may
be produced by a number ofdifferent enteroviruses as' well as
by members of other virus groups. In special environments,
especially in closed populations-e.g., children's homes or
military training centers where close contact, age homogene
ity, and unusual stresses are often involved-the patterns of
spread of infection may be atypical.
Of considerable significance in filling this gap in the

knowledge of viral ecology are studies typified by the Virus
Watch Prograrns,(88.91.174) under which families living in
normal circumstances have been observed longitudinally
over a period of years, with regular sampling, surveillance,
and testing procedures. In an open population, enlisted fami
lies with children (or, in later periods of the programs, those
with a newborn infant) are maintained under continuing viro
logical surveillance. The principal objectives are to describe
the occurrence of enteric and respiratory viral infections
and/or possibly related illnesses and, by analysis of such
descriptive information, to determine for specific viruses or
virus groups the mode and pattern of intrafamilial spread, the
relationship of age and immune status to both infection and
disease, the nature of associated disease, and the frequency
with which it follows infection.
Virus Watch Programs serve as an important guide for

experimental design in which the family is taken as the basic
epidemiologic unit and in which infection, rather than solely
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overt illness, is the focus of study. Some of the findings are
included in Section 5.

Of continuing value for morbidity data and analyses for
the United States are the various publications from the Cen
ters for Disease Control. These include not only the ongoing
periodicals such as the Morbidity and Mortality Weekly Re
ports and the various annual surveillance summaries men
tioned above but also analyses published by individuals and
groups from CDC in the general virological literature.
Another important source of information concerning

virus infections on a global scale was initiated in 1963,
in the WHO system for colIecting and distributing labora
tory and epidemiologic information. Virus infections diag
nosed by isolation or serology are reported by WHO Refer
ence Centers and national virus laboratories around the
world; the data have been consolidated and analyzed by the
WHO Virus Unit, Geneva and distributed in WHO Weekly
Epidemiological Records, WHO Quarterly and Annual Re
ports on Virus Isolations, and in other special reports. By the
end of 1975, I19 laboratories in 47 countries were participat
ing in this scheme. From 1967 through 1975, more than
280,000 reports on viral infections were colIected in the
WHO virus data file. The volume of data increased from
about 20,500 reports received in 1967 to more than 55,000 in
1975. Despite the limitations imposed by a wide diversity of
laboratory methods, selective interests and responsibilities of
various laboratories (e.g., a necessary sampling bias toward
persons with overt illness), and other problems inherent in a
program of this scope, these data yield indications of tem
poral trends in viral infections, marked linkages of certain
serotypes to specific clinical syndromes, trends in age inci
dence, and other new knowledge about enteroviral infec
tions. A report by Assaad and Cockburn(9) on the nonpolio
enteroviruses reported during the 4-year period 1967-1970
illustrates the very useful analyses that can be developed on
the basis of these WHO records (see Section 5). An update of
these analyses, extending the covered period to 8 years
(1967-1974), appears in a review by Grist, BelI, and
Assaad.(113)
Clinical surveys also have aplace in providing informa

tion about the occurrence of at least one enteroviral illness:
paralytic poliomyelitis. Surveys of residual paralysis in
young children have provided useful data on the recent histo
ry of poliomyelitis in a community, as suggested by
Payne.(310) Since the sequelae of paralytic poliomyelitis
seem to be distinctive, they have been used as a measure of
prior prevalence of the disease.
The various types of lameness surveys have been de

scribed in WHO publications, and the results of some are
discussed in Section 5.3.2. The various merits and disadvan
tages ofdifferent survey methods were reviewed recently by
Evans.(81)

3.3. Serological and Clinical Surveys

The science of serological epidemiology has reached a
high degree of sophistication in a relatively short time,
thanks to the pioneers who developed this field underexceed
ingly difficult conditions and with only crude tests available.
Even before the three serotypes ofpoliovirus were com

pletely delineated, and when tests for antibodies could be
conducted only in monkeys, literature reports and serological
surveys of a variety of populations around the globe were
compared with respect to antibody patterns. Throughout the
early studies of poliomyelitis, serological surveys continued
to add essential pieces to the puzzle of poliovirus transmis
sion, susceptibility. widely varying geographic and so
cioeconomic patterns of infection. duration of type-specific
immunity, and the shift of populations from endemic to epi
demic experience with the polioviruses.(304.306) It was found
that the highest percentages of persons possessing poliovirus
antibodies were recorded among normal adolescents and
adults in tropical areas where some contemporary "au
thorities" of the period believed that poliomyelitis did not
exist.
Today. serological surveys continue to have an impor

tant role in maintaining protection against resurgence ofepi
demic poliomyelitis by making possible the surveilIance of
immunity levels. Continuing serological surveillance is
needed to answer such questions as the following: Are signif
icant proportions of the susceptible age group being reached
and protected by vaccination? Do the results of serosurveys
parallel the estimates from surveys of immunization history?
How weIl are antibodies induced by vaccination persisting
over the years in comparison with their duration after natural
infection? Since the answers to these questions may vary
from one locality to another(l38) and even within different
population sectors of the same community,(218) local immu
nity patterns must be monitored to locate the specific age
groups and sectors of the community in which declining
antibody levels or failure to obtain vaccination (particularly
among disadvantaged inner-city children) is resulting in
"protection gaps" (see Sections 5 and 9).
Furthermore. despite the increasing availability of ef

fective poliomyelitis vaccines, there remain a number of de
veloping countries in which vaccination is not yet widely
used. Serological surveys can determine whether patterns of
naturally acquired immunity are changing and thus can alert
the national-health authorities to the growing need for vac
cination before this need is made disastrously clear by the
occurrence of large epidemics.
Serological surveys of varying scope have contributed

data from which the history of local exposure to entero
viruses can be read. For example, the tests with serum col
lected from Eskimos in northern Alaska(2)revealed a popu-



lation heavily exposed to coxsackieviruses A4 and AIO, less
experienced with AI, and having no detectable previous ex
perience with coxsackieviruses 8 I and 82. In the early years
of investigation of the nonpolio enteroviruses, when only a
few serotypes were known, the proportion of seroconver
sions occurring in various age groups during a single year
could be obtained by serological surveys conducted in acom
munity before and after the summer-fall season. These
serological data, analyzed in conjunction with virus isola
tions and monitoring of concurrent illness patterns, yielded
much of the information now available concerning the age
patterns, the ease and routes of dissemination, and the ratio
of inapparent infections to clinical illness.(243)
At present, however, general serological screening to

detect seroconversions or rises in antibody titer against all
possible enteroviruses is a virtual impossibility, for such a
general screening would require tests against more than 70
enterovirus antigens, in combined tissue-culture and mouse
systems (see Section 3.5). Epidemiologic studies to learn the
current pattern of infection with enteroviruses in a commu
nity can be conducted much more easily by means of virus
isolation and typing, since the availability of reference anti
serum pools has vastly reduced the number of tests required
to identify an isolate.

In instances when an epidemic caused by a single
serotype is in progress, serological surveys can be usefully
incorporated into well-planned and specifically targeted pro
spective or retrospective epidemiologic studies and can pro
vide timely guidance for physicians in making presumptive
diagnoses of current illnesses.
Epidemiologic surveillance is an essential part of the

control of infectious diseases. (319) However, not all epi
demiologic surveillance approaches can be applied to polio
myelitis and other enteroviral diseases because of the large
number of infections that are inapparent and the variety of
syndromes. Nonetheless, a number of the tools for sur
veillance have been applied with considerable success in
recent years, particularly in conjunction with polio vaccina
tion programs in developing countries with limited labora
tory facilities. These tools includemore complete and precise
reporting of disease, surveys for residual paralysis and stud
ies comparing the effectiveness of various methods by which
these disease reports and lameness data are gathered.

3.4. Virus Isolation from Surface Waters as an
Indicator of Community Infections

The enteroviruses are excreted so regularly and abun
dantly in feces that their presence in sewage can provide a
great deal of information about the circulation of these vi
ruses in a community. As early as 1940-1945,(209) con-
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secutive tests of sewage samples reflected the seasonal prev
alence of polioviruses, showed that these viruses remain
infective in flowing sewage for many hours, and demon
strated that the viruses may be continually present in sewage
over a period of several months. Taken together with the
incidence of clinical polio in the community, the findings
also provided a basis for estimating the ratio of inapparent
poliovirus infections to clinical poliomyelitis. From the data
obtained in New York City, this ratio turned out to be well
over 100: 1.(209)
Numerous studies(l6,22,45.109,164,185,199.238) in devel

oped countries have readily demonstrated the presence of
enteroviruses of all subgroups in contaminated streams, in
sewage, and in effluents from sewage-treatment plants. In
some localities, wild polioviruses have continued to be pre
sent long after the introduction of oral poliovirus vaccine. In
one metropolitan area, at the same time as virulent po
Iioviruses were revealed in the city streams, there was asmall
outbreak of paralytic poliomyelitis among unimmunized in
fants in the area. (I 64) Of special note is the fact that although
methods currently used for sewage treatment may slightly
reduce the amount of viruses present, they do not eliminate
them from the effluent. In some cases, the concentration of
virus in the effluent equals that in the influent sewage oreven
exceeds it because of disaggregation of virus particles from
clumps.
Sampling of sewage reflects not only the presence of

enteroviruses but also the changes in predominant serotypes
from one period to another(l64,238) and has been used re
cently to assess the impact of oral poliovirus vaccine on the
circulation of nonpolio enteroviruses.(138) Isolation of virus
from an open lake swimming area served as confirmation ofa
coxsackievirus 85 epidemic at a summer camp(l28) and pro
vided an indication of the extent of the infections.
Portable apparatus and methods amenable to use in the

field have been developed for concentrating virus from
sewage and from surface water.(226.240.249.260.387) These
methods have as their ultimate purpose the monitoring of the
viral content of sewage and ofwater sources, so as 10 protect
communities from viral disease that might be transmitted
through drinking and recreational waters. This may become
more crucial as water recycling becomes increasingly neces
sary.(17,418) An important by-product of this work is provid
ing amore accurate index of the kinds and amounts ofentero
viruses present within the community.

3.5. Laboratory Methods

Detailed descriptions of principles and procedures for
diagnosis of enterovirus infections have been pub
lished.(254-260,351.393) Historical information and descrip-
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tions of the development of procedures utilizing monkeys as
well as cell cultures are also available. (223.256.307)
Epidemiologic knowledge of the enterovirus group

with its numerous members, frequency of silent infection,
and variability of clinical manifestations when these do oc
cur-must depend in large part on investigators' ability to
identify the viruses isolated and to communicate accurately
with others studying the same or similar enteroviruses. This
in tum rests on the establishment of a common nomenclature
for the viruses and on the development of standard reagents,
both reference virus strains and type-specific antisera. Early
in studies of enteroviruses, it was recognized that cooper
ative development of standard reagents was requisite to pro
gress in understanding of enteroviral disease.(50) Under the
sponsorship of the World Health Organization, there fol
lowed a steadily broadening series of collaborative studies
among working virologists around the world to develop such
reagents.(219) At present, two sets of lyophilized pools of
collaboratively evaluated and standardized typing antisera
are available. (248,250.257,413) These are eight pools (A-H) of
antisera against 42 enteroviruses that grow readily in cell
cultures and seven pools (J-P) of antisera against 19 cox
sackievirus A serotypes, including those that have not grown
in cell culture and can be cultivated only in newborn mice.
Use of these pools greatly facilitates the identification of
enterovirus isolates (see Section 3.5.1.).
3.5.1. Virus Isolation and Identification. The usual

specimens are stools, rectal swabs, and throat swabs.(255) In
addition, cerebrospinal fluid (CSF) yields virus often in cases
of aseptic meningitis caused by coxsackieviruses or echo
viruses but rarely if this syndrome is caused by a poliovirus
(i.e., nonparalytic poliomyelitis). Polioviruses have been de
tected in blood specimens taken very early in infec
tion.(I39.247) In children, even after development of symp
toms has led to hospitalization, a variety of nonpolio
enteroviruses may be detected in the blood, either free in the
serum or in mononuclear leukocytes.(315) Virus may also be
isolated from vesicle fluids, urine, conjunctival swabs (en
terovirus 70), and nasal secretions (which yield cox
sackievirus A2I isolates more readily than specimens from
the throat). Virus may be recovered from throat swabs taken
during the first few days of illness (or of silent infection) and
from rectal swabs or stools, often for several weeks. How
ever, some enteroviruses (for example, types 70 and 72) are
excreted for short prodromal periods and are difficult to iso
late from feces of sick persons. In fatai cases of suspected
enteroviral etiology, virus should be sought in the organ
system affected as well as in colon contents.
Not all agents recovered from feces or oropharynx are

enteroviruses. Others that might be recovered are ro
taviruses, reoviruses, adenoviruses, rhinoviruses, and the
viruses of measles, mumps, rubella, and herpes simplex.
Many of these agents produce distinctive cytopathic effects

(CPE), which at once differentiate them from enteroviruses.
Some evoke fatal encephalitis in newborn mice.

If the virus laboratory has experienced personnel, a pre
sumptive diagnosis of enteroviral infection can often be
made on the basis of the nature of the associated illness
(if any), the time of year when the specimen was obtained,
the tissue-culture (or mouse) system in which the virus
isolate grew, and the characteristic CPE observed in the cul
tures or the characteristic pathology induced in the mice.
There is often value in reporting a presumptive identification
without waiting for specific typing of the isolate. Even
though specific antiviral therapy is lacking at present, early
recognition of probable enteroviral infection can provide
information for the management of a patient or of a commu
nity outbreak of similar illnesses and may serve to contrain
dicate administration of unnecessary or undesirable anti
biotic therapy and to assist in narrowing the scope of diag
nostic tests undertaken during an outbreak of compatible
illnesses.
Most of the common enterovirus serotypes that are

cytopathogenic can be recovered by inoculation of spec
imens into primary and passage cultures of monkey-kidney
cells, but at least one human tissue-culture system must also
be included if recovery of all possible types is being at
tempted. In addition, inoculation of newborn mice must be
used ifone is to detect those coxsackieviruses ofgroup Athat
cannot be cultivated in cell cultures. Among the human-cell
cultures that have been reported as most sensitive for a broad
range of enteroviruses are WI-38 (a cell line from human
embryonic lung), HEK (primary human embryonic kidney),
and various local cell strains. For example, WI-38 cultures
more readily support growth of echovirus 30 isolates as well
as a number of other echovirus serotypes(52.71.117.160); how
ever, in initial isolation ofpolioviruses and coxsackievirus B
types, HEK cultures far surpassed either WI-38 or combined
HeLa cell and monkey-kidney-cell culture systems.(52) The
RD cell line, derived from ahuman rhabdomyosarcoma,(205)
has been shown to support replication of a number of the
coxsackievirus group A strains, including types A5 and A6,
which previously had been grown only in newborn mice, and
several other types that would grow only to low titers in other
cell cultures.(56,349) Fortunately, several types that do not
grow in RD cells are cultivable in HeLa or other human cell
cultures.(349) It should be noted that with RD cells, most
strains tested required a second passage to obtain clear-cut
CPE. With utilization of RD cell cultures, only cox
sackieviruses AI, A19, and A22 remain as types that require
newborn mice for their cultivation. The susceptibility ofcells
to a number of enteroviruses may be increased by treating
them with 5-iododeoxyuridine at 50 Il-g/ml for 3days prior to
exposing the cells to the virus.(14) The BGM (buffalo green
monkey) line ofAfrican green monkey kidney cells has been
reported(59,259) to offer greater sensitivity than primary



rhesus or green monkey kidney cells for titration of certain
enterovirus types and also for recovery of plaque-forming
enteric viruses from sewage and water. Comparative tests
with clinical specimens in another laboratory indicated that
the line may have limitations in sensitivity for routine isola
tion of a variety of echovirus types, as compared to primary
rhesus monkey kidney and human fetal diploid kidney
cells.(350) One potential variable is that the BGM cells ob
tained commercially and used in testing the clinical spec
imens may have been less sensitive to virus because of my
coplasma contamination.
With regular use of four types of cell cultures-i.e.,

adding BGM and RD cultures to the more commonly used
human embryonic lung and cynomolgus monkey kidney
cells-through two summer-fall seasons, both the frequen
cy and the speed of recovery of enteroviruses from clinical
specimens could be increased. Of 2558 specimens (fecal,
respiratory, CSF, and blood), 417 yielded an enterovirus. Of
the enteroviruses isolated, 18% were detected only in BGM
or RD cells. Results were available for the clinician in 42% of
the enterovirus-positive specimens by day 2after inoculation
of the cultures, and in 61% by day 4.(58)
Of the higher-numbered enteroviruses, types 70 and 71

were first isolated in human cell cultures and subsequently
adapted to monkey kidney cultures. Some strains of entero
virus 71 grow better in suckling mice than in cultured primate
cells. Cultivation of enterovirus type 72, hepatitis Avirus, is
less readily achieved in culture. However, a numberofstrains
have been grown in fetal monkey kidney cells; although they
are noncytopathogenic, their growth can be monitored by
radioimmunoassay or immunofluorescence. (361) Hepatitis A
virus is discussed in detail in Chapter 13.

It is not necessary to attempt to identify the specific
serotype for every enterovirus isolate. The decision to pro
ceed with type identification should be made after weighing
the specific need that would be served. It is often sufficient
for the physician or health officer to know simply that an
enterovirus has been isolated. It may be important to deter
mine soon that the isolate is not a poliovirus, because gener
ally the isolation of polioviruses in developed countries now
represents only clinically irrelevant, long-term shedding of
vaccine virus strains. Excluding poliovirus can be accom
plished simply by demonstrating that the isolate fails to be
neutralized by a pool of antisera to the three poliovirus
serotypes.
For most enteroviruses, specific identification of the

serotype rests with serum neutralization testing, although
hemagglutination-inhibition (HI), complement-fixation
(CF) , immunofluorescence, precipitin, and other antigen
antibody reactions may be used in some instances. Al
though the isolation of an enterovirus is simple and rela
tively rapid, its specific identification may be slow and ex
pensive if only monospecific hyperimmune sera are used.
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However, as mentioned above. identification of isolates
has been considerably simplified by the development of in
ternationally standardized hyperimmune antisera( 122.241)
that are now incorporated into combination antiserum
pooIS(248.257.413) constituted in a pattern proposed by Lim
and Benyesh-Melnick(l96) in such a way that a given anti
serum appears in either one, two, or three pools. An un
known enterovirus may be identified by its pattern of neu
tralization by the pool or pools containing its homotypic
antiserum.
Pools A-H were the first sets of these LBM pools to

become available. By use of these eight pools in accordance
with standardized directions, 42 enteroviruses that grow
readily in cell cultures can be correctly identified. (248.257)
Standardized equine monovalent antisera against the
mouse-grown types of coxsackievirus group A are also
available. These have also been combined into additional
sets of seven pools (J- P) incorporating 19 coxsackievirus A
antisera in a scheme parallel to that described above; they,
too, are available in lyophilized form.(250) The LBM pools
can be obtained in lyophilized form through the World
Health Organization, Geneva. Use of the pools has been des
cribed.(248.250.257 .413)
The first set of pools served the world's enterovirus

laboratories for two decades; a second set of A-H pools was
prepared in 1984.(248.257.413) These pools are available in
substantial amount, but it is prudent to conserve them;
therefore, if an epidemic caused by a single serotype is in
progress, use of the single monovalent hyperimmune serum
to identify most isolates is indicated.
In use of the LBM pools to identify field isolates, some

strains require special attention. For example, antisera for
coxsackievirus B3 and echovirus 9 prepared against the pro
totype strains may not give solid neutralization of all field
strains of these serotypes. In such instances, it is important to
make early readings to get a clue to the identity of the virus.
Neutralization of the virus for a few days may be followed by
later breakthrough with some strains. It may be desirable to
confirm the identity of the isolate with monovalent anti
serum.
With certain strains, efforts at identification by neu

tralization have been complicated by aggregation of viral
particles or other factors, which reduce the access of the
virus to specific antibody. For example, as recognized soon
after the discovery of the enteroviruses, the prototype echo
virus 4 strain (Pesascek) is poorly neutralized by homolo
gous antisera. The Du Toit strain is much more sensitive
and is preferred for neutralization tests. The poor neutraliza
tion of the Pesascek strain was shown to be related to ag
gregation of viral particles; virus in nonneutralizable aggre
gates was found to constitute up to 30% of untreated
Pesascek stock preparations but only 0.1%of Du Toil. With
monodispersed virus obtained by filtration through MiIli-
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pore membranes of appropriate porosity, efficient neu
tralization of Pesascek strain can be obtained. (390)

More knowledge continues to come to light regarding
neutralization. The Pesascek strain, which has a higher effi
ciency of plating on human RD cells than on green monkey
kidney cells, was more effectively neutralized in tests on
RD cells than on monkey cells. After banding of the virus
by ultracentrifugation in density gradients, a minor fraction
was found that resisted neutralization as tested on either RD
or monkey cells. Another fraction containing the main peak
of infectivity was reacted with neutralizing antibody and
was unable to infect RD cells, but it remained highly infec
tious for monkey cells. (172) Thus, not only virus aggrega
tion but also a host cell with different receptors may play a
role in neutralization of infectivity.

This phenomenon is still encountered with entero
viruses, as illustrated by the fact that better neutralization of
coxsackievirus A isolates has been obtained by treatment
with sodium deoxycholate, to increase the access of the
virus to antibody, most likely by disaggregation of the virus
particles. Isolates of enterovirus 71, also, are often difficult
to neutralize, and this has produced problems in recognition
of this important pathogen. Successful neutralization of the
Swedish strains of enterovirus 71 depended on the use of
monodispersed virus,(21) and the etiologic agents of the se
rious epidemics in Bulgaria and Hungary were identified as
strains of this serotype only in special testing of the isolates
through cooperative endeavors of WHO Centers for Virus
Reference and Research in Moscow, Sofia, Budapest,
Berkeley, and Houston.(251) Problems with neutralization
of enterovirus 71 strains and also other enterovirus isolates
have been met not only by filtration but also by treatment
with sodium deoxycholate, ethyl ether, and chloroform.
Kapsenberg et al. (162) have found chloroform treatment to
be the treatment of choice for routine typing of enterovirus
71 and coxsackievirus types A7 and AI6, since much virus
is lost by filtration, sodium deoxycholate is cytotoxic and
can be used only with virus suspensions of high titer, and
removal of the inflammable ethyl ether can be difficult and
hazardous. Chloroform treatment was found to be effective
with virus suspensions of low titer; chloroform is nonflam
mable and heavier than water, and it can be removed by
simple centrifugation.

A possible mechanism for the development and the
elimination of a "nonneutralizable fraction" has been pos
tulated on the basis of investigations with poliovirus. In the
course of studies dealing with synthetic lipid vesicles as ve
hicles for introduction of foreign materials into eukaryotic
cells, it has been shown that poliovirus particles can be ex
perimentally encapsulated within synthetic large phos
pholipid vesicles and that such encapsulated particles are
then resistant to type-specific antiserum and are infectious
for cells that normally resist infection because of a mem-

brane restriction. (398) In light of these findings, it is possible
that the occurrence of such encapsulation during viral rep
lication in nature may be the underlying mechanism causing
virus aggregation and the observation of a "nonneutraliza
ble fraction" of picomaviruses. Virus particles entirely or
partly covered with cell-membrane materials would have an
increased tendency to aggregate and would be less available
to neutralization by antibody. Such a situation would be
compatible with the effects mentioned above in disaggrega
tion of enteroviruses.

In most instances of neutralization problems with cells
under fluid medium, plaque reduction tests can be used to
detect antibodies even in the presence of nonneutralizable
fractions of virus.

Both HI and CF tests have also been used to identify
enterovirus serotypes. Only about one-third of enteroviruses
agglutinate erythrocytes, and this limits the usefulness of
this test for routine use. Likewise, all enteroviruses cannot
be identified by the CF test. More rapid identification of
enterovirus isolates can be made by immunofluorescent
staining of viral antigens. (364.368) One technique utilizes
combination antiserum pools in conjunction with indirect
immunofluorescence to detect type-specific enteroviral anti
gens in CSF leukocytes of patients with aseptic men
ingitis(368) and enterovirus type 70 antigen in conjunctival
scrapings.(298.299) The results can be available within hours
after procurement of the infected cells. In addition to speed,
this method has the advantage of associating the enterovirus
isolate more directly with the target organ than would isola
tion from stool or throat. The fluorescent-antibody assay
method for polioviruses has been improved by use of traga
canth gum.(l63)

Rapid ELISA tests have also been developed.(430) A
highly specific solid-phase enzyme immunoassay for detec
tion of type 3 poliovirus antigen has been applied in investi
gations of the type 3 strains involved in the recent outbreak
in Finland (see Section 9). It was hoped that this assay would
fill the need for a test permitting the diagnosis of poliovirus
infections directly from clinical specimens, but the quantities
of poliovirus in fecal specimens were found to be too low.
However, the test can be very useful for detection, identifica
tion, and quantitation of poliovirus antigen in infected cell
cultures. (377)

In tests involving nucleic acid hybridization, virus
specific nucleic acids are bound in a solid phase and then
detected by radioactively labeled DNA probes. By use of
recombinant DNA procedures, cloned cDNA probes have
been developed for detection of enterovirus isolates in cell
cultures and are being explored for direct detection of virus
in clinical specimens.(l44.159.332) The latter method, using
the cloned genome of a cardiotropic strain of coxsackievirus
B3, is also being explored as a means for clarifying the
molecular pathogenesis of enteroviral heart disease and for



genetic analysis of the cardiotropic coxsackievirus. For lab
oratories equipped with an electron microscope, a rapid
method dependent on specific clumping of virus particles is
available. (279)

If a virus isolate cannot be identified, it may represent
a new enterovirus or a mixture of viruses. Therefore, plaque
purification of the stock virus or purification by terminal
dilution passages may be necessary before typing results are
definitive.
3.5.2. Tests for Antibody. Testing for presence of

type-specific antibody against enteroviruses is feasible only
when (I) a known enterovirus isolate from the patient is
available and confirmation of the infecting serotype is nec
essary; (2) a clinical picture such as pleurodynia clearly im
plicates a small number of antigens (in this case, usually
group B coxsackieviruses) against which serum should be
tested; (3) an epidemic caused by a single serotype is in
progress; or (4) a seroepidemiologic survey is being con
ducted to determine the community or study-group history
of experience with a particular serotype or group (e.g., po
Iioviruses). Otherwise, for initial determination of a current
infection in a patient or a locality, virus isolation is far sim
pler and is recommended.
For any purpose except a serological survey, paired

serum specimens are required; the first sample must be
taken as early as possible in the course of the illness or
infection, the second 3-4 weeks later.
The neutralization test is accurate and type-specific

and is at present the test commonly used for most entero
viruses [for polioviruses, the CF test has some advantages
(see below)]. Acute and convalescent sera are usually tested
simultaneously, using various dilutions of serum against a
constant amount of the specific virus. Serum titers are cal
culated on the basis of the dilution of serum that neutralizes
a given amount of virus, and a fourfold or greater rise in
antibody titer is considered significant-indicative of an in
fection during the period covered. However, it should be
noted that neutralizing antibody titers may already be high at
the time of the onset of clinical symptoms, making in
terpretation difficult. Ifneutralizing antibody titers are found
to be equally high in both acute and convalescent specimens,
the infection might have taken place either recently or many
years before, since neutralizing antibody to any of the entero
viruses persists for years if not for life. In addition to the
homologous antibody, antibodies against other enterovirus
types may appear transiently and at low levels. If only a
single serum specimen is available and it is positive, the
identification of specific viral antibody in the IgM fraction
may be useful in determining whether the infection is
recent.(69)

Other serological tests that may be used include CF,
HI, immunofluorescence, and passive hemagglutination.
Complement-fixation antibodies appear during the
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course of an infection but may disappear or drop to a low
level within a few months. For most enteroviruses, the CF
test has little value for type specificity because of major
heterotypic cross-reactions that develop after infection.(181)
However, with specimens taken at proper time intervals, the
test has been used successfully in the diagnosis of poliovirus
infections. (3S I)

Native (N) and heated (H) CF antigens of poliovirus
are described in Section 4.3. In the course of poliomyelitis
infection, H antibodies form before N antibodies, and sub
sequently the level of H antibodies declines first. Early
acute-stage sera thus contain H antibodies only; 1-2 weeks
later, both N and Hantibodies are present; in late convales
cent sera, only N antibodies are present. Only a fITSt infec
tion with poliovirus produces strictly type-specific CF re
sponses. Subsequent infections with heterotypic po
Iioviruses recall or induce antibodies, mostly against the
heat-stable antigenic components shared by all three types
of poliovirus, i.e., against the poliovirus group antigen.
Very high CF antibody levels against a poliovirus are
strongly suggestive of a recent infection.
After a coxsackievirus infection, patients may develop

CF antibodies to a number of both group A and group B
agents, and heterotypic echovirus CF antibody responses
also are common.(180)
The HI test is relatively easy to perform, and patients

who become infected with an enterovirus that hemaggluti
nates develop homotypic antibody, which may persist for
years. They also may develop heterotypic antibody, making
the test somewhat nonspecific. As mentioned, the major
drawback to the HI test is that only about one-third of the
known enteroviruses agglutinate erythrocytes; even within a
single serotype, some strains hemagglutinate and others do
not.(2SS)

It is possible to detect and titrate serum antibody
against enteroviruses by use of an immunofluorescence
technique. Infected coverslip cultures for use as a source of
antigen may be prepared and kept frozen at - 20°C for at
least I year, making this test readily available for rapid
diagnosis.(28.3SJ)
For diagnosis and study of acute hemorrhagic con

junctivitis caused by enterovirus type 70, isolation of the
virus has been difficult, and most of the recent outbreaks
have been identified solely by serological means. With epi
demic spread of the infection and many cases occurring in a
short time, new serological methods have been needed to
handle large numbers of specimens rapidly.
A microneutralization procedure has been developed

that provides convenience and speed in large tests(132) and
compares well with other methods. It is more sensitive than
the standard tube neutralization tests and the complement
fixation test. Although it is less sensitive than the hemag
glutination-inhibition test, the latter requires concentrated,
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partially purified virus as antigen and is difficult to read.
Both the prototype virus (1670171) isolated in Japan in 1971
and the V 1250 strain obtained in 1981 from Honduras were
used in comparative testing. The recent isolate was a more
sensitive antigen than the prototype, as indicated by higher
antibody titers in sera of patients from various epidemics.
This underscores the need to consider the possibility of en
terovirus strain variation in the preparation of test antigen.
Another test, originally developed to screen for rises in

antibody to rhinoviruses,(82) has been found to be effective
fordetecting rises in antibody titer to enteroviruses. This test,
a passive hemagglutination test, relies on the use of a cou
pling reagent, chromic chloride, to attach proteins to indica
tor erythrocytes. It has made possible the hemagglutination
of red blood cells by antigens that otherwise do not demon
strate this property. Although enteroviruses cross-react in
this test, and thus specific enterovirus serotypes cannot be
distinguished, it can serve for rapid, simple, and useful
screening to detect rises in antibody to an enterovirus, i.e., to
indicate that an enterovirus infection is present even though
the serotype is not known. Such information can be useful,
for example, in a community outbreak of illness caused by a
single enterovirus serotype that has already been identified.
The technique has been utilized as a screening test using
paired sera collected during an epidemic of coxsackievirus
B5 infections.
Indirect radioimmunoassays (RIAs) of IgM and IgG

antibodies have detected significant increases in titer from
the acute- to the convalescent-phase specimens from entero
virus-infected patients.(373) The test, however, lacked reli
able type specificity. A reverse IgM assay seemed to be type
specific, provided the amount of labeled virus was carefully
standardized.(373) However, the reverse IgG assay has not
yet been made sufficiently sensitive.

4. Biological Characteristics of the Virus That
Affect the Epidemiologic Pattern

4.1. General Properties

Enteroviruses share the basic properties of Picor
naviridae(53.219.234.333) including a genome of single
stranded RNA, small size (diameter 22-30 om), lack of an
envelope (i.e., a "naked" nucleocapsid), and insensitivity
to ether and other lipid solvents, indicating lack of essential
lipids. The molecular weight of the nucleic acid is 2.3-2.8
million, constituting about 30% of the particle mass. It has
been estimated that picomaviruses have 12 genes, in contrast
to 400 estimated for the large poxviruses. The virus matures
in the cytoplasm. Infective nucleic acid has been extracted
from several enteroviruses and rhiooviruses. Because it is
freed of the surface protein antigen, such RNA cannot be
neutralized by antiserum against the intact virus.

Although cardioviruses can infect humans, the picor
naviruses that infect man are almost always enteroviruses or
rhinoviruses. These genera differ in a number of properties,
but the most useful and reliable feature in distinguishing
them is sensitivity to acid: enteroviruses are stable at acid pH
(3-5) for 1-3 hr, whereas rhinoviruses are acid labile. Rhi
noviruses multiply chiefly in the nose and throat and can be
recovered from these sites but only rarely from fecal spec
imens. Because of their acid stability, enteroviruses that may
have undergone only limited replication in the oropharynx
survive transit through the stomach and become implanted in
the lower intestinal tract, where they undergo more extensive
multiplication. Enteroviruses grow readily in stationary
cultures at 36-37°C, but initial growth of rhinoviruses in
primary fetal-cell cultures is favored when cultures are incu
bated on roller drums at 33°C. Among the enteroviruses that
are cytopathogenic [polioviruses, echoviruses, some cox
sackieviruses, and the new enterovirus types (68-71»),
growth can usually be obtained readily in primary cultures of
human and monkey-kidney cells and in certain cell lines
(such as HeLa or, for some serotypes, WI-38); in contrast,
most rhinoviruses of man can be recovered initially only in
cells ofhuman origin (embryonic human kidney, human dip
loid-cell strains). In cesium chloride, enteroviruses have a
density of 1.34 glml, whereas rhinoviruses have a density of
1.4 g/m!. Enteroviruses and some rhinoviruses can be sta
bilized by magnesium chloride against thermal inactivation.

4.2. Reactions to Chemical and Physical Agents

Enteroviruses are resistant to all known antibiotics and
chemotherapeutic agents, to most laboratory disinfectants,
and to lipid solvents (e.g., ether). Treatment with 0.3% for
maldehyde, 0.1 NHCI, or free residual chlorine at a level of
0.3-0.5 ppm causes rapid inactivation, but the presence of
extraneous organic matter protects the virus from inactiva
tion.(376) Thus, caution must be exercised before carrying
over laboratory findings on the chlorination ofenteroviruses,
often in purified form, to chlorination under natural
conditions.
Most enteroviruses are inhibited from propagating in

cell cultures by 2-(a-hydroxybenzyl)-benzimidazole
(HBB)(371) and by guanidine. However, viral progeny
grown in the presence of guanidine become resistant to the
drug, (235) and further passage results in selection of strains
that are drug dependent. (358)
Exposure of these viruses to a temperature of 50°C de

stroys them rapidly. However, in the presence ofmolar mag
nesium chloride, virtually no detectable inactivation occurs
in I hr at 50°C.(388) Enteroviruses are stable at freezing tem
peratures for many years and remain viable for weeks at
icebox temperatures (4°C) and for days at room temperature.
Their inactivation at all temperatures is inhibited by magne-



sium chloride; this property has led to the widespread use of
MgCI2as a stabilizer of oral poliovirus vaccine.
Enteroviruses are rapidly inactivated by ultraviolet light

and usually by drying, unless special conditions are ob
served. Vital dyes (neutral red, acridine orange, proflavine),
when incorporated into the structure of these viruses, render
them readily susceptible to visible Iight.<347.389)

4.3. Antigenic Characteristics

All three poliovirus serotypes share some anti
gens,(78.212) but the polioviruses basically have marked in
tertypic differences. The epitopes responsible for inducing
neutralizing antibodies are located on the three structural
proteins (VPI, VP2, and VP3) making up the viral surface,
with most of the epitopes clustered on VPI. When the virion
is disrupted and the protein purified, the epitope activity is
diminished. Five short peptides have been synthesized that
contain amino acid sequences for type I poliovirus VPI. The
peptide containing amino acids 93-103 was capable ofelicit
ing neutralizing antibodies. This same site had previously
been identified in type 3 poliovirus as the neutralizing epi
tope by analyses using viral monoclonal antibodies, although
the amino acid sequence ofthe site is type specific. The other
four peptides react specifically with monoclonal antibodies
and are capable ofpriming an animal so that a single inocula
tion with virus yields antiserum of stable and high neutraliz
ing titer. Some of the type I synthetic peptides even primed
the host towards type 2 and type 3 viruses.(78)
Even within a single recognized serotype, antigenic dif

ferences may occur between different isolates. This is true
not only for the polioviruses but also for the coxsackieviruses
and the echoviruses.(214.329) The considerable differences in
antigenic structure among strains within each poliovirus
serotype have been clarified in studies in which intratypic
serodifferentiation of polioviruses was performed by neu
tralization or immunodiffusion tests utilizing strain-specific
antisera prepared by cross-adsorption with the heterologous
strain(381 )or by utilizing monoclonal antisera.(295) The tech
niques are useful in distinguishing vaccine and nonvaccine
poliovirus strains and also in identifying relationship among
wild strains.
With some enteroviruses, the frequency of antigenic

mutation is as high as one per 10,000 virions.(314) This may
lead to the appearance of prime strains.(213) Aprime strain is
one that is poorly neutralized by antiserum to the originally
characterized (prototype) strain but that induces the produc
tion of antibody that neutralizes the prime strain and the
prototype strain equally well. The prime strains, however,
share complement-fixing (CF) or precipitating antigens that
strongly cross-react with prototype strains.
A number of cross relationships exist between several

enteroviruses, for example, coxsackieviruses A3 and A8,
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All and AI5, AI3 and A18; echoviruses I and 8, 12 and 29,
6 and 30; and polioviruses I and 2 to a minor degree.(l24)
For enteroviruses, there has been little documentation

of any long-term trends in antigenic alterations of serotypes
like those seen with influenza viruses. Such a trend may be
suggested, however, by observations that strains of cox
sackievirus 85 isolated in 1973 from patients in the United
Kingdom are very different antigenically from the prototype
85 virus (Faulkner strain) isolated in 1952. Not only were
wide differences observed in immunodiffusion and neu
tralization tests, but also RNA hybridization procedures
showed current human strains to have 100% homology with
each other but only 50% homology with the prototype
Faulkner strain.(25) This is a difference of the same order as
that found between different serotypes ofpoliovirus. In addi
tion, an enterovirus that causes swine vesicular disease has
been shown to be closely related antigenically to human cox
sackievirus 85.(25.26.107) In RNA hybridization tests, the
porcine virus showed about 50% homology with human
strains.
Studies of coxsackievirus 84 isolates identified by use

of monoclonal antibodies indicated a high frequency of anti
genic variants, estimated to be as high as one per 10,000
higher than has been reported for influenza virus but within
the range of estimates for other RNA viruses.(314)
Associated with the RNA genomic changes described

above are changes in the polypeptide composition of newer
coxsackievirus 85 isolates compared to the 1952 prototype
virus. Similarly, such differences exist in the swine entero
viruses of 1966-1971 and those of 1972-1973. In the same
year, however, a swine virus from France and a human iso
late of coxsackievirus 85 have shown virtually identical pat
tems.(125) Further work is necessary to establish the patho
logical and epidemiologic significance of these variations.
Complement-fixation antigens are known for each of

the three poliovirus serotypes. They may be prepared from
tissue culture or infected CNS. Inactivation of the virus by
formalin, heat, or ultraviolet light liberates a soluble CF
antigen. This antigen is cross-reactive and fixes complement
with heterotypic poliomyelitis antibodies. Two type-specific
antigens are contained in poliovirus preparations and can be
detected by precipitin and CF tests. They are called 0 (or N)
and C (or H). The 0 antigen occurs as a band in the denser
regions of a sucrose density gradient and comprises most of
the virus infectivity. The upper band containing the Cantigen
has little infectivity. The virus in the 0 zone appears intact in
electron micrographs and contains 20-25% RNA, whereas
that in the C zone is damaged and contains little or no
RNA.(l27)
Several coxsackieviruses and echoviruses agglutinate

human type 0 erythrocytes. About one third of the known
enteroviruses have this property, and antibodies against
the virus can be measured by hemagglutination inhibi
tion. (106.326)
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4.4. Host Range in Vivo and in Vitro

The host range of the enteroviruses varies greatly from
one type to the next and even among strains of the same type.
They may be readily induced, by laboratory manipulation, to
yield variants that have host ranges and tissue tropisms dif
ferent from those of wild strains; this has led to the develop
ment of attenuated poliovaccine strains.
Polioviruses have a very restricted host range among

laboratory animals.(23.24) Most strains will infect and cause
flaccid paralysis only in monkeys and chimpanzees. Infec
tion is initiated most readily by direct inoculation into the
brain or spinal cord. Chimpanzees and cynomolgus monkeys
can also be infected by the oral route; in chimpanzees, the
infection thus produced is usually asymptomatic. The ani
mals become intestinal carriers ofthe virus; they also develop
a viremia that is quenched by the appearance of antibodies in
the circulating blood. Unusual strains have been transmitted
to mice or chick embryos.
Most strains can be grown in primaryor continuous cell

line cultures derived from a variety of human tissues or from
monkey kidney, testis, or muscle (see Section 3.5 and
below).
The cardinal feature of coxsackieviruses is their infec

tivity fornewborn mice'(62) Certain strains (B1-B6, A7, A9,
A16) also grow in monkey-kidney-cell cultures. Some group
Astrains grow in human amnion cells, HeLa cells, or the RD
cellline.(205.349) Coxsackieviruses AI, A19, and A22 have
not yet been grown successfully in any cultures and must be
cultivated in newborn mice. Chimpanzees and cynomolgus
monkeys can be infected subclinically; virus appears in the
blood and throat for short periods and is excreted in the feces
for 2-5 weeks. Type A14 produces poliomyelitislike lesions
in adult mice and in monkeys, but in suckling mice, this type
produces only myositis. Type A7 strains produce paralysis
and severe CNS lesions in monkeys.(61,385)
Group A coxsackieviruses characteristically produce

widespread myositis in the skeletal muscles of newborn
mice, resulting in flaccid paralysis without other observable
lesions. (62. 104) In adult mice, surgically denervated muscles
can be infected, whereas mature innervated muscles are rela
tively resistant. Also, when synaptic transmission was chem
ically inhibited by botulinum toxin, blocking release of acet
ylcholine, the leg muscles of adult mice became suscep
tible.(8)
Group B viruses can produce a myositis that is more

focal in distribution than that produced by viruses of group
A, but they also give rise to a necrotizing steatitis involving
principally the maturing fetal fat lobules (e.g., intercapsular
pads, cervical and cephalic pads). Encephalitis is found at
times; the animals die with paralysis of the spastic type.
Some Bstrains also produce pancreatitis, myocarditis, endo
carditis, and hepatitis in both suckling and adult mice. Cor-

ticosteroids may enhance the susceptibility of older mice to
infection of the pancreas. Normal adult mice tolerate infec
tions with group Bcoxsackieviruses, but in mice subjected to
sustained postweaning undernutrition (marasmus), B3 virus
produces severe disease, including persistence of infective
virus in the heart, spleen, liver, and pancreas. Lymphoid
tissues are markedly atrophic in marasmic animals. Transfer
of lymphoid cells from normal mice immunized against the
virus provides virus-infected marasmic mice with significant
protection against the severe sequelae. (401)
The criteria for classification as a member of the echo

virus group included the provision that the prototype strains
must fail to produce disease in suckling mice or in monkeys.
However, some strains can produce variants that exhibit ani
mal pathogenicity.(147.392) Most of the common echoviruses
can be isolated in primary monkey-kidney-cell cultures, but
strains of a number of the echovirus serotypes grow more
readily in human cell cultures (see Section 3.5).
Parallel to the coxsackieviruslike mouse pathogenicity

of some echoviruses, strains of some coxsackievirus types
(especially A9) lack mouse pathogenicity and thus resemble
echoviruses. This variability in biological properties is the
chief reason that new enteroviruses are no longer being sub
classified as echo- or coxsackieviruses.
The five latest enteroviruses all grow in monkey

kidney-cell cultures. Enteroviruses 70 and 71 were isolated
in human cell cultures and subsequently adapted to monkey
kidney cultures. Some strains of enterovirus 70 were also
adaptable to cultivation in the L strain of murine cells, and
some strains of enterovirus 71 grew better in suckling mice
than in cultured primate cells. Provisionally identified as
enterovirus 72, hepatitis A virus has been less readily culti
vated. A number of strains of this virus have now been suc
cessfully grown in fetal monkey-kidney cells. Although the
HAV strains are noncytopathogenic, their growth can be
monitored by immunofluorescence or radioimmunoas
say.(361) Recent evidence suggests that this agent may be the
prototype of a new genus of the Picornaviridae.
The growth of enteroviruses in monolayers of cultured

cells is generally associated with a characteristic cytopathic
effect. (320) Infected cells round up, show shrinkage and
marked nuclear pyknosis, become refractile, and eventually
degenerate and falloff the glass surface. In cell cultures
covered by fluid nutrient medium, virus may spread via the
fluid bathing the cells. Under agar overlay, which confines
the spread of virus to a cell-to-adjoining-cell route, plaques
of degenerating cells are formed by various members of the
enterovirus group in cultures of susceptible cells. Methods
that utilize plaque formation have provided very precise
quantification of infective virus, required for many labora
tory research studies of enteroviruses.(141. 255)
The factors underlying cell susceptibility to entero

viruses are basic to understanding host susceptibility to infec-



tion. Specific receptor sites, differing for the various entero
virus groups, are located on the surface of the plasma mem
brane of susceptible cells, where the viruses attach as a pre
requisite to penetration and uncoating of the virion.(I82.203)
Human cells possess a receptor for poliovirus and can there
fore be infected and killed by the virus. Rodent cells do not
possess the receptor and cannot be infected by polioviruses
unless the viruses have been altered by laboratory cultiva
tion. But in human-rodent hybrid cells, possession of a
human gene for the poliovirus receptor was found to be suffi
cient to enable the virus nucleic acid to enter the cell, and
once this first step had been taken, the virus then multiplied
without the mediation of any further human gene products,
the rodent genetic apparatus being sufficient for its needs.
The human chromosome carrying the gene concerned with
poliovirus reception was identified by making use ofhuman
rodent hybrid cells that differ in their complement of human
chromosomes. In these studies, it was found that some of the
human chromosomes were shed after hybridization. Only
when chromosome 19was lost did the cells lose their suscep
tibility to poliovirus.(262) This implies that chromosome 19
carries all the information necessary for acceptance of po
liovirus by a human cell and suggests that only a single gene
codes for the receptor protein.

4.5. Replication of Enteroviruses

The replication of poliovirus provides useful insights
into its transmission, its in vivo and in vitro host range, and its
relatedness to other enteroviruses. The essential theme of
viral replication is that specific messenger RNA (mRNA)
must be transcribed from the viral nucleic acid for successful
expression and duplication ofgenetic information. Once this
is accomplished, viruses use cell components to translate the
mRNA. In the replication ofpoliovirus, all steps are indepen
dent of host DNA and occur in the cell cytoplasm.
Normally, soon after a picornavirus attaches to a cell, it

is delivered into the cytoplasm as viral RNA freed from its
protein shell. The single-stranded genomic RNA then serves
as its own mRNA, which is translated to form a single large
polypeptide that is subsequently cleaved to produce the vari
ous viral capsid polypeptides. Completion of encapsidation
produces mature virus particles that are then released when
the cell undergoes lysis. The time required from initiation of
infection to completion ofvirus assembly ranges from 5 to 10
hr, depending on pH, temperature, host cell, and number of
particles to which the cell is exposed. Yields may be up to
100,000 particles per cell, but only one in 1000 particles may
be infectious.
Despite the relatively limited information on which the

establishment of the enterovirus group was originally based
and its subgroups were defined, the validity of these group
ings has been borne out by recent studies utilizing sophisti-
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cated techniques ofmodemmolecular virology. Comparison
of the genomes of representative polioviruses, cox
sackieviruses of subgroups A and B, and echoviruses by
RNA hybridization has shown at least 5% of the genome to
be shared by all enteroviruses tested. (433)
Great strides have been made in recent years in investi

gating many aspects of the replication and the genetics of
enteroviruses and other picornaviruses. The primary struc
ture (sequence) of the genomic RNA has been determined for
a number of these viruseS.(31.142.171) Complementary DNA
has been cloned in a bacterial plasmid,(317 .379) and this DNA
has been shown to produce infectious RNA.(316) Strategies
of viral protein synthesis have been examined and c1ar
ified.(Io.85.ISO.366) This work has been reviewed in de
tail.(173.333)
Double neutralization of virus particles obtained from

mixed infections has been observed. Usually-and particu
larly for antigenically distinct virus types such as influenza
viruses A and B or polioviruses types I and 2-the doubly
antigenic virus proved to be unstable on passage, suggesting
that the phenomenon could be explained by phenotypic mix
ing. Phenotypic mixing has also been found to occur between
an echovirus and a coxsackievirus.(I48) Virus particles con
taining antigens of both viruses were obtained that on pas
sage segregated into parental types. The phenotypically
mixed particles may be regarded as having an additional
surface antigen heterologous to the genetic core or mosaic
surface antigens composed of the two parental types. A sin
gle particle with two distinct genetic cores (one ofeach virus)
and mixed antigenic coats would also be expected to behave
like aphenotypic mixture, Le., to be doubly neutralizable but
on passage breed the pure parental types. The
protein of a plant virus (cowpea chlorotic mottle virus) has
been shown to be able to encapsidate in vitro the genome of
poliovirus, to form aparticle known as apseudovirion. When
assayed in the presence of DEAE-dextran to facilitate en
trance into susceptible human cells in cultures, the polio
pseudovirions were about 50 times more infectious than po
liovirus RNA itself. This suggests that the encapsidation of
the polio genome in a foreign coat protected the RNA from
destruction by cellular nucleases.
Polioviruses are included among the agents that during

their replication produce deletion mutants called "defective
interfering" (01) particles that interfere with the growth of
the normal virus from which they are derived.(47.158) The 01
particles have potential clinical significance, since they may
play a role in limiting acute viral infections; furthermore,
they are present in high concentrations in oral polio vaccines,
suggesting the possibility that their presence may be a factor
in attenuation.
Because picornaviruses have been so fully studied, and

because they are small and relatively simple viruses, they
have served and will continue to serve as models for under-
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standing the nature of viruses and their structure, function,
replication, and genetics.(7. 135. 159.333.356)

S. Descriptive Epidemiology

5.1. Key Features of Epidemiology of Enteroviruses

In considering enterovirus epidemiology, it is important
to reemphasize that by far the usual infection with almost all
of these viruses is a mild or silent episode, and that severe
manifestations are relatively uncommon. Paralytic poliomy
elitis remained an epidemiologic enigma until this concept
was developed.(32.395) Furthermore, it must be kept in mind
that clinical features presented by infections with the differ
ent serotypes may be similar and also that manifestations of
infections with the same serotype may vary widely.
The patterns of incidence and prevalence, the age at the

time of infection, and the nature of the host response are the
consequences of a number of interdependent variables the
common denominator of which is probably the opportunity
for exposure, along with the hygienic level under which such
exposure occurs. These interdependent variables include
geographic area, climate, and socioeconomic setting.
For members of the human enterovirus group, humans

are the only known reservoir. Enteroviruses are ubiquitous in
tropical and semitropical zones. In temperate climates, they
are encountered more commonly during late summer and
early fall. Because of their antigenic inexperience, children
are the primary targets of enterovirus infections and thus
serve as the main vehicle for their spread, which is chiefly by
the fecal-oral route. These viruses are easily spread within
family settings and closed institutional populations, where
the rate of infection among nonimmune members may reach
as high as 80%. In warmer lands where unsanitary and poor
socioeconomic conditions prevail, the rate of infection
among infants and children may exceed 50%, and two or
more enterovirus serotypes may be isolated from a single
stool sample. Infants and children living in these circum
stances acquire their initial, immunizing experience with
most of the locally prevailing enterovirus types earlier in life
than those in more "advantaged" environments. Even with
in a temperate-zone country such as the United States, earlier
and more frequent enterovirus infections occur among young
children living in warmer areas and poorer socioeconomic
conditions. As personal and community hygiene improves in
a population, spread of enteroviruses becomes limited, so
that increasing numbers of individuals reach later childhood,
or even adulthood, without having been infected and immu
nized by the common serotypes. Island or isolated popula
tions with little contact with the rest of the world also may
grow up with little or no experience with some enterovirus
types. For example, in some isolated Eskimo communities

with little outside contact, the whole population may lack
antibodies to certain enteroviruses. The shift in age incidence
of poliomyelitis from infants and preschool children to
school children and young adults, which has taken place in
many parts of the world, has been attributed to improvement
in sanitary conditions.

By 2 years of age, regardless of climate, geography, or
socioeconomic conditions, most children have already expe
rienced several asymptomatic or mildly symptomatic entero
virus infections. One factor affecting the occurrence of out
breaks of enterovirus infections by various serotypes is the
accumulation of a large population of children born since the
last widespread outbreak with one serotype, so that there are
enough susceptibles to fuel epidemic spread.
Epidemiologic patterns ofpoliomyelitis are now greatly

altered in much of the world by administration of poliovac
cines. However, many thousands ofcases-at least as many
as 250,000 annually-still occur, and even a "polio-free"
country that has eliminated polio from its borders cannot
afford to be unconcerned. Three phases of poliomyelitis
epidemic, endemic, and vaccine-era-have been observed
historically, but they also coexist today in different parts of
the world.

5.2. General Epidemiology of Enteroviruses

5.2.1. Incidence and Prevalence. The epidemiologic
markers of the diseases associated with the enteroviruses are
based on the occurrence of a clinical syndrome sufficiently
characteristic to be recognized, such as paralysis of poliomy
elitis; the lesions of the hand, foot, and mouth syndrome
characteristic of infection with echovirus 16 or enterovirus
71; or conjunctivitis characteristic of infection with entero
virus 70 or coxsackievirus A24. Enteroviruses should be
sought whenever an outbreak of aseptic meningitis or of an
exanthem occurs. The same causative enterovirus will be
isolated from many of the patients.
The epidemiologic markers of the current presence in

the community of enterovirus infection regardless of disease
incidence include the prevalence of the virus in the stools of
healthy persons or in the sewage from the area. The past
circulation of an enterovirus in the area can be determined
from the prevalence ofantibody as determined by serological
surveys.
5.2.2. Epidemic and Endemic Behavior. As docu

mented first by observation of the patterns of poliovirus in
fections, outbreaks of infection with other enteroviruses oc
cur throughout the world. One set of serotypes may be
predominant for a time in some areas, or even worldwide, to
be succeeded by other types. In one pattern, the enterovirus
circulates endemically within a population, infecting infants
or children early in life, and most individuals have acquired



antibodies within the fIrst few years of life. Under these
conditions, seldom does a population ofnonimmune children
build to a size sufficient to fuel wide, epidemic spread of the
agent. In another type of pattern, the agent goes through
cycles of varying length. For a period of a year or more, it
circulates widely throughout a population, in a wave of
spread that reaches a large proportion of the susceptibles.
With a longer period between waves of such an infection,
more persons reach a later age before their initial exposure to
the agent, a large population of susceptibles again builds up,
and the new cycle of infections may reach the magnitude of
an epidemic or even a pandemic. Studies described below
illustrate the behavior of various enteroviruses in these cycles
of spread. The patterns of infection and disease seen in out
breaks of infection by the more recently recognized entero
viruses, types 70 and 71, also are described and discussed in
some detail here.

In the prevaccine era, epidemics of poliomyelitis oc
curred with great frequency in the economically advanced
countries of the world. In the United States, the fIrst sizable
outbreak was recognized in Vermont in 1894 and involved
132 cases; it was by far the largest number of cases ever
reported in anyone year anywhere in the world up to that
time. In the fIrst half of the 20th century, recurrent outbreaks
involved the"developed countries" of the world, such as the
United States, Canada, Australia, and European and Scan
dinavian countries.

Great reductions in epidemic incidence occurred after
the introduction of killed-virus poliovaccine in 1955. In the
period 1951-1955, an average of almost 38,000 cases of
poliomyelitis (approximately 21 ,000 of them paralytic) were
reported annually in the United States; from 1961 to 1965,
the annual average was 570 cases (460 paralytic). After live
attenuated vaccines were widely administered in the United
States during 1962 and 1963, even further reductions were
achieved (see Section 5.3.3). Similar reductions from the
high numbers of 1951-1955 down to those in 1961-1965
followed vaccination in other countries: in the United King
dom, from 4381 to 322; in Australia, from 2187 to 154; in
Denmark, from 1614 to 77; in Sweden, from 1526 to 28; and
in Czechoslovakia, from 1080 to none. In these areas, the
numbers of cases have continued to fall. During 1971-1975,
an annual average of only 15 cases occurred in the United
States, eight cases in the United Kingdom, two in Australia,
and none in Denmark or Czechoslovakia.(lOs.402.405) Thus
far into the 1980s the average annual number is less than 10;
in 1986, only fIve cases were reported. Other developed
countries have had similar excellent records of control.

Outbreaks of infection with coxsackieviruses, echo
viruses, and certain of the newer enterovirus types have oc
curred frequently in a wide variety of places and years and
continue to do so. Among the enterovirus isolations reported
through the WHO virus-reporting system during the 8-year
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period 1967-1974,(113) the most frequently reported types
were: for coxsackieviruses of group A, types 9 and 16; for
members of group B, types 3 and 5; and for echoviruses,
types 6, 9, 11, and 30.

In 1980, worldwide, coxsackieviruses A9 and A16
again predominated, with a record high number ofA16 isola
tions reported; coxsackievirus B4 in 1980 somewhat exceed
ed B3 and B5 in frequency. Echovirus 30 has had an increas
ing trend since 1977. In 1980 this type accounted for more
than 2400 isolates out of a total ofabout 5800 isolations ofall
echovirus types reported. Of the echovirus 30 reports that
included clinical information, 76% were from cases involv
ing the central nervous system, especially in the older age
groups: of all patients 15-24 years of age yielding echovirus
30 isolates, 90% had CNS disease; this was also true for a
large share of those 5-14 and 25-59 years of age. Echo
viruses 9 and II were also frequently isolated in 1980, but
echovirus 7, previously less commonly reported, accounted
for more than 500 of the isolates, more than any other type
except type 30. Echovirus 22 isolations also have increased
in recent years, and more than half of the isolates were from
infants less than 6 months old. It is suggested that the preva
lence ofechovirus 9 may fluctuate in 3- to 4-year cycles, and
that of echovirus 6 in even longer cycles. After a peak in
1975, isolations of the latter virus were still decreasing in
1980.
The above-mentioned serotypes generally continue to

be commonly reported, although in any single year their
predominance may be more marked, or another type may
exceed them in frequency for a time. In the United Kingdom
during the fIrst 34 weeks of 1978, 449 echovirus type II
infections were diagnosed-more than the annual totals re
ported in any of the previous 8 years. Most echovirus II
infections were reported in infants and children, and slightly
more cases in males than females. In 51% of the cases, the
nervous system was affected (mainly aseptic meningitis),
33% of the patients had fever or respiratory symptoms, and
10% had gastrointestinal disorders. There were 13 patients
with epidemic pleurodynia (Bornholm disease). Ten fatal
cases were reported, all in children under 5 years of age,
including fIve neonates.
Enterovirus surveillance data from the United States for

1970-1979 are informative. (270) During the 10-year period,
a total of 18,309 enteroviral agents were reported from
18,152 patients. Echoviruses accounted for 58% of the
agents reported; group B coxsackieviruses, 24%; po
Iioviruses, 9%; group A coxsackieviruses, 8%; and entero
virus types 68-71, only 0.1%. The types most frequently
reported were as follows: echovirus type 9 (more than 2000
isolates); coxsackievirus B5, echovirus II, echovirus 4, and
echovirus 6 (each of the foregoing accounting for more than
1000 isolates); coxsackievirus B2, B4, A9, echovirus 7, po
liovirus type I, coxsackievirus B3, echovirus type 3, and
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poliovirus type 2 (each of this latter group accounting for
more than 500 isolates). These 13 agents accounted for 76%
of all isolates reported for the decade.
A retrospective study of the CDC enterovirus sur

veillance data from 1970 to 1983 has shown that nonpolio
enterovirus types that are isolated in March through May in
southern and coastal regions of the United States are predic
tive of types likely to be isolated during the peak enterovirus
season. In this study, the six most frequent early isolates
accounted for an average of 59%, and always more than
50%, of the isolates in July through December. The study has
further indicated that in years when fewer than 1800 entero
viruses are reported, fewer than half of all the enteroviruses
for the year are predictable, while in years with1800 or more
enterovirus isolates reported, more than 69% of the reported
isolates can be predicted.
For 1984, the more common early isolates, identified

from March through May in the South Atlantic, West South
Central, and Pacific regions of the United States, were echo
virus 9 (38 isolates), echovirus 7 (20 isolates), echovirus 30
(15 isolates), and coxsackievirus A9 (13 isolates); cox
sackieviruses 84 and 85 were also isolated during the early
period. Echovirus 30 was frequently isolated only in January
and February. Evaluation of these reports suggested that
echoviruses 7 and 9, and coxsackieviruses A9, 84, and 85
would be the common isolates for the year. (36) The final data
for 1984 indicated echovirus 9 to be most common, with 17%
of all isolates [266/1589), followed by echovirus II, cox
sackievirus 85, echovirus 30, coxsackievirus 82, and cox
sackievirus A9.(37)
For 1985, reports of early isolates suggested that cox

sackieviruses A9, 82, and 85 and echoviruses 4,6,7, and 11
were likely to be common isolates in the peak 1985 entero
virus season.(39)
A number of different coxsackievirus and echovirus

serotypes have been involved in sizable epidemics, and en
teroviruses 70 and 71 have also been responsible for out
breaks in various parts of the world. These outbreaks have
been mostly localized to one area, although one epidemic of
echovirus 9 infections in the late 1950s had almost world
wide distribution, and enterovirus 70 spread explosively in
Asia and Africa during 1969-1973. In 1981, enterovirus 70 •
epidemics reappeared in Asia and Africa and also spread to
theWestern hemisphere. Enterovirus 71 has been involved in
several outbreaks affecting large numbers of patients in sev
eral different nations, but pandemic spread has not been
observed.
The 1969-1971 pandemic of acute hemorrhagic con

junctivitis (AHC) involved tens of millions of people.
The cause of this widespread disease was recognized as a
new enterovirus(118.42S) and was designated enterovirus
type 70. (253.26S)

The disease, generally localized to the eye, is charac-

terized by subconjunctival hemorrhage. Enterovirus 70 is
highly contagious, spreading rapidly under crowded and un
hygienic conditions: warm, humid coastal climates seem par
ticularly favorable to its transmission. Intrafarnilial spread is
common. Some localized outbreaks, especially in developed
countries, have centered around eye clinics.

Acute hemorrhagic conjunctivitis seems to have ap
peared in man flfSt during 1969, in Ghana,(41) and soon
thereafter in other African countries. An Asian focus in Java
was observed as early as mid-I 970. Large epidemics oc
curred during 1971 in Japan,(178) Singapore,(425) andMoroc
CO.(282) Small outbreaks were seen in Europe beginning in
1971 , and later reported European outbreaks were in 1973 in
Yugoslavia and in France. (75) Serological surveys in Japan,
Ghana, and Indonesia confirrned that the virus was not preva
lent before the pandemic and that after the outbreaks anti
bodies appeared in the populations involved.(179) Multiple
epidemics have occurred within a 5-year period in the same
regions, particularly in Southeast Asia, suggesting that im
munity may be short-lived.(424)
Until 1981, virtually no enterovirus 70 infection or dis

ease had been found in Australia and the Americas. Among
more than 1000 sera collected in 1971-1974 from residents
of the United States, only three had antibodies to the
ViruS.( 33)Nevertheless, when the virus was introduced into
the United States in 1980, secondary spread did not take
place. However, in 1981 this situation changed. Early in
1981 AHC reappeared in some of the countries from which it
had been absent for a number of years. The disease spread
widely in Africa and Asia, and this time it spread extensively
in the Caribbean area, in northern South America, and in
Central America during the spring and summer, 1981.(303) In
the early autumn, an explosive outbreak occurred in the
Miami metropolitan area, involving thousands of cases. In
this explosive outbreak, school-aged children in schools of
the most heavily affected section of the metropolitan area
were more likely to become household index cases than were
persons of any other age group. Members of larger house
holds were at greater risk of acquiring AHC. Marked reduc
tion in cases was achieved after exclusion of affected chil
dren from schools and educating the public about hygienic
precautions (such as separate towels, frequent hand-wash
ing, and avoidance of touching eyes or face of affected fami
ly members). This agrees with the earlier reports that entero
virus 70 is transmitted almost exclusively by touching the eye
with contaminated fingers or fomites.(424)
Enterovirus 70 isolates obtained from widely separated

locales (Asia and the Americas) during the same pandemic
period, 1980-1981, were closely related by ribonuclease TJ
oligonucleotide fingerprinting. (67) However, two isolates
obtained from Japan and from Morocco during the flfSt AHC
pandemic, 1969-72, although closely related to each other,
differed from the current strains by many oligonucleotides.



The similarities among contemporaneous strains from distant
regions suggest that only one basic genotype of this virus
appears to be in circulation, worldwide, at anyone time.
A new enterovirus was recovered from the stool of a

patient with CNS disease in a 1969-1970 outbreak in Cal
ifornia during which an identical strain was recovered from
the brain of a patient with fatal encephalitis.(352) The new
agent was designated as enterovirus 71.(253) In the years
following 1970, this newly recognized virus has moved
about the world and has been associated with a variety of
clinical manifestations in different regions (Table 2). In a
1972 outbreak reported from Australia,(165) aseptic men
ingitis predominated, and this syndrome also was the pre
dominant illness observed in a 1973 outbreak in Sweden,(21)
in which hand, foot, and mouth disease cases also occurred.
In Japan, in 1973,(116,267) hand, foot, and mouth disease
predominated, but there were some aseptic meningitis cases
and some patients with both syndromes. Awell-documented
outbreak that occurred in Rochester, New York, in 1977,
included both aseptic meningitis and hand, foot, and mouth
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disease, and it also included two cases of poliolike paralytic
disease'<43) In view of the variety of host responses and the
difficulty of isolating some of the strains ofenterovirus 71, it
is probable that only a small fraction of the cases that actually
occur are diagnosed and reported'<224)

In the severe 1975 epidemic of CNS disease that oc
curred in Bulgaria, which included numerous polioen
cephalitis cases as well as cases of meningitis,(251) about
21% developed paralysis, and there were 44 fatalities.
Young children were the most severely affected: children
under 5 years of age represented 48% of the total cases and
constituted 81% of the paralyzed patients and 93% of the
patients who died. From specimens obtained from 65 cases,
92 virus isolations were made. (44.360) Ofthese, 37 came from
brain and medulla, one from CSF, ten from mesenteric
lymph nodes and tonsils, and 44 from feces. All of the Bul
garian isolates belonged to a single antigenic type, anti
genically related to the American and Swedish strains of
enterovirus 71.(251) Antibody to enterovirus 71 was found in
72% of 392 patients with a history of poliomyelitislike dis-

Table 2. Enterovirus 71 Outbreaks, 1969-1979

Year Location Number of patients Clinical findings

1969-1973 California 20 Aseptic meningitis
Encephalitis

1972 New York State 11 Aseptic meningitis
Encephalitis
Hand, foot, and mouth disease

1972 Australia 49 Aseptic meningitis
Rash
Acute respiratory infection
Polyneuritis

1973 Sweden 195 Aseptic meningitis
Hand, foot, and mouth disease
Aseptic meningitis

1973 Japan >3200 Hand, foot, and mouth disease
Aseptic meningitis
Cases with both syndromes

1975 Bulgaria 705 Aseptic meningitis
Encephalitis, and some with
acute myocarditis
Poliolike paralytic disease

1977 Rochester, NY 12 Aseptic meningitis
Hand, foot, and mouth disease
Poliolike transitory paralysis

1978 Hungary 1550a Aseptic meningitis
Encephalitis
Poliolike paralytic disease with
persistent flaccid paralysis

1979 Lyon, France 5 Acute respiratory infection with
eNS involvement

"A mixed epidemic of tick-borne encephalitis (chiefly in adults) and enterovirus 71 disease (chiefly in children).

Reference(s)

Schmidt el al. (352)

Diebel el al. (66)

Kennen el al. (165)

Blomberg el a[.(21)

Hagiwara(l16)

Miwa(267)
Chumakov et al. (44)

Shindarov el al. (360)

Chonmaitree el al. (43)

Nagy et al. (276)

Sohier(363)
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ease that year, and tests for a rise in antibody titers against
poliovirus in convalescent sera collected during the epidemic
were uniformly negative. This supports the etiologic associa
tion of enterovirus 71 with the epidemic and excludes any
possible role of poliovirus. In its very high incidence of
paralytic cases, the epidemic in Bulgaria differed consider
ably from other epidemics. Virus was widely distributed dur
ing the epidemic year, infecting a high proportion of the
population, but then disappeared. To date, the disease has
not reappeared in Bulgaria.
In the large mixed epidemic of CNS disease that oc

curred in Hungary in 1978,(276) clinical manifestations were
predominantly aseptic meningitis, but there were some cases
of encephalitis and some fatalities. There were 826 cases of
aseptic meningitis and 724 cases of encephalitis with 45
deaths; the encephalitis cases included 13 poliolike cases
with flaccid paralysis. All of the poliolike paralytic cases
were in children between 8 months and 36 months of age.
Children in the first 5 years of life accounted for 52% of the
aseptic meningitis cases and 40% of the encephalitis cases; of
the 45 fatal encephalitis cases, 27 were in children under 4
years ofage. At least two agents were involved: a tick-borne
encephalitis virus for the majority of cases in adults and
enterovirus 71 for the cases in children regardless of the
clinical form of their disease. In the poliolike cases, only
enterovirus 71 was isolated, and poliovirus infection was
excluded by neutralization tests.

In 1979, enterovirus 71 isolations in Lyon, France were
associated with a small outbreak in children 5-9 years old;
their disease was chiefly intluenzalike, with CNS involve
ment only in the most severe cases.(363)
With most nonpolio enteroviruses, the pattern of infec

tion for a specific serotype in a particular locality resembles
that of poliomyelitis: (I) There may be local serotypes that
are endemic, constantly circulating among the few nonim
munes; these are mostly very young children, since virtually
all the older children and adults already have protective anti
body from previous infections. (2) Or specific serotypes may
be completely absent from a particular locality or very lim
ited in dissemination for a number of years (see examples
below); a population of susc~ptibles then builds up, and a
wave ofwide and rapid spread of the virus may occur, reach
ing a large proportion of all age groups. Dissemination of
different serotypes may thus occur in waves, with one pre
dominant type in an area succeeding another from one year to
the next or even within the same summer-fall season.
An example ofwaves of infection with different entero

virus serotypes can be seen in data from the United Kingdom
and the Republic ofIrelandduring the 1960s and early 1970s.
A number of echovirus types were isolated sporadically and
in relatively small numbers. (402) In 1968, continuing into
1969, there was an epidemic of type 6 infections, and type 6
was by far the one most frequently recovered during 1968

(about 40%ofall echovirus isolates reported); in 1969, echo
virus type 9also becameepidemic, accounting for about 40%
of the echovirus isolates in that year. In the latter epidemic,
one fourth to one third of all the cases occurred in Scotland.
In 1971, however, about 60% of the echovirus isolates in the
United Kingdom were echovirus type 4, which in previous
years had been responsible for only about 5% of the echo
virus reports. These infections were confined mainly to
northern and northwestern regions of England and to
Scotland and Ireland. Significantly, in view of the limited
previous circulation ofechovirus 4, a large share of the isola
tions were from older children and young adults. It should be
noted that the infections selected for laboratory investigation
may be biased toward significant illnesses; it seems probable
that the younger children were also experiencing widespread
infection but that overt illness more frequently brought the
older groups to clinical attention. In 1971, echovirus 6 ac
counted for only 3% of all United Kingdom isolates; echo
virus 9 accounted for 2%.
During this period, coxsackievirus A9 was almost al

ways the serotype most frequently reported in the United
Kingdom, constituting 35-55% of the group A isolates.
Coxsackievirus AI6 was frequently reported in most years
but tended toward epidemic prevalence every 3 years: peaks
of dissemination were recorded in 1964. 1967, 1970, and
again in 1973. In 1970, about 57% of the coxsackie A iso
lates were of the AI6 type. Coxsackieviruses B2, B3, B4,
and B5 also appeared to be somewhat cyclical in the United
Kingdom, in periods of 3-6 years; BI did not share this
periodicity and usually was isolated in lower numbers, al
though an epidemic of this virus occurred in 1970; type 86
was rarely reported.
Periodicity in enterovirus infections in a particular re

gion can be clearly seen in the data on virus isolations at the
Regional Virus Laboratory, Ruchill Hospital, Glasgow, cov
ering a 20-year period, 1957-1976 (Table 3).(113) Although
the Glasgow laboratory may isolate 25 or more different
enterovirus serotypes in anyone year, certain types clearly
tend to recur at quite regular intervals. For example, echo
virus 9 tended to recur at 4-year intervals, whereas echo
viruses 4 and 30 were absent for 7-9 years between out
breaks. As indicated above, the serotypes (echoviruses 4 and
30, in this case) recurring at the longer time intervals and in
large epidemics are those for which higher proportions of
infections have been reported in older children and in adults.
That is, in the absence of early childhood exposure, many
persons remained susceptible into these older age groups
during the longer interval. These parallel age-incidence data
can be seen in worldwiJe virus-isolation data for 1967
1974, collected and collated by the WHO (Table 4).(113)
An example ofvery rapid succession ofdifferent entero

virus serotypes in a small community has been well docu
mented. (284,427) In the course of 1968-1971, six outbreaks
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of febrile viral disease with respiratory and gastrointestinal
symptoms occurred in an Israeli kibbutz of about 450 mem
bers and were differentiated by correlated clinical, epi
demiologic, and laboratory study. In a single summer, there
was an extensive outbreak of febrile illnesses, characterized
by respiratory and abdominal symptoms, that began in May
1970 and continued without interruption until the beginning
of August. During this period, 21 children were ill on two
occasions, and six were sick three times, with some of the
episodes giving the clinical impression of relapses in a dis
ease caused by a single agent. However, these illnesses were
found to be caused by successive and overlapping large out
breaks of coxsackievirus B4 and echovirus 9 infections, in
which 43 persons were shown to have been infected by both
viruses in sequence, at intervals of 3-4 weeks. Echovirus 16
was also found to be involved in a small number of the early
illnesses.
5.2,3. Geographic Distribution and Climate. En

teroviruses are found in all parts of the world. In tropical and
semitropical regions, they are widely distributed throughout
the year. In temperate climates, they are present at low levels
in winter and spring but are encountered far more commonly
during summer and fall. Someoutbreaksofenteroviral infec
tion have continued from fall into winter months; winter
outbreaks have been recorded, but they are rare.
Climate appears to be an important factor in the circula

tion and prevalenceofenteroviruses. Even within the climate
range represented in the continental United States, healthy
children in southern cities harbor a greater abundance of
enteroviruses and a wider variety of antigenic types than do
those ofcomparable age in northern cities. Repeated tests on
the stools of 136 healthy preschool children in Charleston,
West Virginia, over a period of 29 months, indicated that
90% of the cytopathogenic enteroviruses were recovered
during the summer and the autumn months and that the inci
dence was three to six times higher in the lower so
cioeconomic than in the middle to upper middle class dis
tricts; 52%ofthe viruses recovered belonged to the echovirus
group<2I3) (see Table 8). In areas farther south, such as Phoe
nix, Arizona,(213) and Louisiana,(lOI) the prevalence of en
teroviruses among healthy children was more evenly dis
tributed throughout the year but still markedly higher during
the months ofMay toOctober. Subsequent studies on entero
virus excretion rates in young children in Seattle, San Fran
cisco, Minneapolis, Buffalo, Atlanta, and Miami(92.102)
have confmned and extended the earlier results: higher levels
ofendemicity and longer periods ofprevalence were found in
the southern cities.
Among the Atlanta and Miami children studied in

1960-1963 and in the earlier investigations in Charleston
and Phoenix,(213) average annual virus excretion rates were
7-14%, and far larger numbers ofenterovirus serotypes were
commonly prevalent than in northern cities. In the normal

population under study in the New York Virus Watch Pro
gram,(l74) only four to six serotypes of cytopathogenic en
teroviruses were prevalent at any given period, and the en
terovirus isolation rate in fecal specimens from young
children (0-5 years of age) was only 2.4%.
Analysis of the seasonal distribution of enterovirus iso

lations in the United States over the IO-year period 1970
1979(270) presents a classical picture of enterovirus distribu
tion in temperate climates (Fig. 1). The nonpolio entero
viruses were isolated chiefly during the summer and early
fall; the average number of enteroviral isolations for each
month from June through October was 6.6 times higher than
the monthly average for the other seven months, and 82% of
the total isolates were isolated during these peak months. For
all three groups of nonpolio enteroviruses so analyzed, Au
gust was the peak month of isolation. Polioviruses, however,
were isolated throughout the year, as would be expected from
a nation in which live poliovaccine is administered year
round.
Among children living in warm climates and poor

hygienic conditions, the incidence of infection with one or
more enterovirus serotypes may exceed 50%, and mixed
infections are common. In a study of infants in Karachi,
Pakistan-almost all of whom were less than 2 years of
age-approximately 80% of those tested yielded at least one
enterovirus. (302) Additional virus serotypes were recovered
by mixing a portion of the original swab specimen with type
specific antiserum to block the virus type or types previously
isolated from the swab and then inoculating the mixture into
tissue cultures. If an isolate was obtained, it was first con
fmned as a new type by retesting against antiserum to the
previously recovered type or types; ifconfmned as new, the
serotype was then identified. Of 116 rectal-swab specimens
restudied for multiple virus isolation, approximately 45%
were positive for at least two different viruses, 14% for three
viruses, and each of two infants had four different viruses in a
single swab specimen.(302) Mixed infections may also occur
in children living under good socioeconomic circumstances
in temperate areas,(52) but they are less frequent.

In some isolated groups, such as certain Eskimo com
munities,(l2) the whole population may lack antibodies to
some serotypes (See Fig. 2). In the survey depicted not even
the oldest persons, up to 72 years ofage, had any serological
evidence of past infection with either coxsackievirus BI or
coxsackievirus B2; coxsackievirus AI apparently had been
present some years previously, and coxsackieviruses A4 and
A10 were currently present or had been in the very recent
past.
On the other hand, a study conducted in the Accra area

ofGhana, at a time before polio vaccination was introduced
in that country to any significant extent, indicated that infants
and young children were experiencing widespread infections
with all three types ofpolioviruses,(297) a pattern typical for a
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Figure 1. Distribution of infections with enteroviruses in the United States, by the month of onset of illness, from 1970 to 1979. From
Moore,(270) with permission.

dense population living under poor hygienic conditions.
Even among children less than 3years old, 77% had antibody
to poliovirus type I and only slightly lower proportions to
type 2 and to type 3; 80% were immune to all three types by
the age of 6 years. In the same children, coxsackievirus A9
antibody developed at almost the same rate as poliovirus
antibodies, and 79% had been infected by 3 years of age and
94% by the age of 6. Coxsackievirus B3, however, was less
widespread, infecting only 52% of the children by 4-6 years
of age.
The beginnings of a global picture of nonpolio entero

virus prevalence were drawn by Assaad and Cockburn,(9)
who analyzed the reports received by WHO for the 4-year
period 1967-1970 from laboratories around the world that
participate in the WHO reporting system. This analysis was
extended to cover 8 years, 1967-1974, by Grist et al.(113)

Chiefly temperate regions were represented in these reports.
The reports used for the 8-year analysis included about 5200
coxsackievirus A isolates, more than 13,000 coxsackievirus
B isolates, and more than 23,000 echoviruses.
These investigators were able to draw comparisons con

cerning infections by these agents despite the limitations im-

plicit in the nature of the reports-particularly the under
representation of coxsackievirus A isolates, since relatively
few laboratories now include mice in their isolation systems.
Among the five group B coxsackieviruses under study,

B3 and B5 were the most frequently isolated.
No regular yearly pattern, worldwide, was observed in

the recurrence of specific types. With each serotype ana
lyzed, the number of reported isolations fluctuated greatly
from year to year, and even larger fluctuations were observed
for individual countries, e.g., of 154 coxsackievirus A9 in
fections reported by Japan during the period 1967-1970, all
but eight were concentrated in 1967.

In this worldwide survey, which tended to focus on
virus isolations from sick persons, the clinical manifestations
usually included aseptic meningitis, respiratory disease, skin
eruptions, undifferentiated febrile illnesses, or gastroen
teritis. In the combined reports for the 8-year period 1967
1974, disease of the eNS-commonly aseptic meningitis
was associated with 28% of the coxsackievirus A infections
(and with nearly 50% of those identified as A9 infections),
with 34% of the coxsackievirus B infections (42% of those
identified as infections with B5), and with 56% of the echo-



4HZ

'-.!..-OhiO-'4

31-40

8

ZI-30

Euton-2

12

H-ZO

68

20

4-10

~'2~14 t·13

22"""""""- \ •
• HI9h Point ~5 5

..... 9 •........ 2t'-, .-_..................
........\ ' 7 .><: 2119· , • . -...........-- .

'.-- 18Alaako 14

41 Conn.-5

2~1 .2.4.. 1.4.. ~ ( I?. . . . .

212 Chapter 9 . Enteroviruses

<71-
"I/)
Z
0
I-
::;)
~

0

~
::;) 50a:
w
I/)
40

I-
<t
W 30>
l-
I/) ZO
0
~

I- 10
Z
w
(,) 0
a:
w
~

Ag e

Figure 2. Results of neutralization tests with local Eskimo sera and coxsackieviruses expressed in terms of percentages of sera positive
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of sera tested in the indicated age group. From Banker and Melnick. (12)

virus infections (with much higher percentages of the infec
tions with types 4, 6, 9, and 30: 81,63,68, and 83%, respec
tively). The previously recognized associations of specific
syndromes to specific serotypes were also observed, e.g.,
Bomholm disease (pleurodynia) and myocarditis associated
with coxsackieviruses B-particularly in persons over 15
years of age. Although cardiac involvement was more fre
quently associated with coxsackieviruses Bas agroup, repre
senting 3.2% of the coxsackievirus B isolations reported, a
few cases of cardiac illness were reported with all the cox
sackievirus A types tabulated by Grist et al. (113) and with
most echovirus types, including 3% of the isolates of echo
virus 22. Skin eruptions were the most frequent disease asso
ciations of coxsackievirus A isolates (especially hand, foot,
and mouth disease, seen mainly in children under 5 years of
age); 33% of the coxsackievirus A group infections gener
ally, but 82% ofAI6 infections, 44% ofA5, and41%ofAID
infections, were associated with disease of the skin or
mucosa or both. Respiratory illnesses accounted for about
20%ofthe coxsackievirus Bisolations but only about 12%of
the coxsackievirus Aand the echovirus infections; however,
with echoviruses I, 11, 13, and 22, about 25% of the isola-

tions were associated with respiratory disease. There were
also small numbers of cases of paralytic CNS disease re
ported in association with many of the types of each group.
Among the 13 most frequently isolated agents in the

United States lO-year study,(270) eight (coxsackievirus B5,
poliovirus type 2, and echovirus types 3, 4, 6, 7,9, and II)
appeared to circulate in an epidemic pattern, with many cases
over shorter periods of time. The others showed no particular
cyclic recurrence.
Data were available on the clinical syndromes associ

ated with the U.S. isolates for the last 5 years of the period,
Le., 1976-1979. Meningitis was recorded in 35% of the
patients; respiratory disease, 21%; encephalitis, 11%; non
specific febrile illness, 6%; illness with rash, 4%; carditis,
2%; paralytic disease, I%; and other known syndromes, the
remaining 22% of disease reported (percents rounded, mak
ing the total more than I(){)%). Comparing the distribution of
isolates from all of the reported cases with the distribution of
serotypes associated with each clinical syndrome, specific
agents were overrepresented in certain of the syndromes. For
example, polioviruses accounted for 53% of the paralytic
disease; echoviruses for 78% of the encephalitis and men-



ingitis cases; group B coxsackieviruses for 63% of the car
ditis cases; group A coxsackieviruses accounted for 32% of
the rash illnesses; and coxsackieviruses of groups A and B,
and polioviruses were disproportionately represented among
cases of respiratory illness (15%, 29%, and 17%,
respectively).
5.2.4. Age and Sex. Children are the prime targets of

these viruses and thus serve as the chief vehicle for their
spread. In warmer lands and in families living under unsani
tary and poor socioeconomic conditions in temperate zones,
children are infected very early in life, and more than 90%
may have already experienced infections with a number of
the locally prevalent enteroviruses before the age of 5 years.
In such settings, paralytic poliomyelitis is rarely recognized,
and epidemics generally do not occur. When infection is
delayed to older childhood and young adult life, the inci
dence of paralytic poliomyelitis rises, as does the frequency
of the more severe manifestations of the other enterovirus
infections. The age distribution of echovirus isolations as
reported to WHO is illustrated in Table 4 (see Section 5.2.2).
The pattern of age distribution of the nonpolio entero

viruses can be defined by serological studies. For example,
an examination of antibodies to coxsackievirus A9 and cox
sackieviruses BI-B5 was made in sera obtained from New
York Virus Watch families(l74) on entry into the program.
The results are shown in Table 5. Although comparison by
age among virus types can only be suggested on the basis of
the relatively small sample, it is clear that coxsackievirus B2,
B4, and B5 antibodies were infrequent in the youngest chil
dren at the beginning of the Virus Watch observation period.
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This relative vacuum in immunity was partially filled by
subsequent outbreaks of infection with these viruses.
Most of the infections reported to WHO in 1967

1974<113) were in children under 15 years of age: 85% of the
coxsackievirus A isolates came from this age group, 79% of
the coxsackieviruses B, and 79% of the echoviruses. These
overall percentages were virtually identical in both 4-year
periods, the total8-year data changing by only I or 2 percent
age points from those reported for 1967-1970.
With all the coxsackieviruses (both Aand Bgroups) that

were isolated in sufficient numbers for inclusion in the 8-year
tabulation, and with most of the echovirus serotypes also, the
number of isolates from younger children (0-4 years) was
greater than that for the 5- to 14-year-old group and con
stituted 62% of all the coxsackievirus A isolations reported,
54% of the coxsackievirus B, and 45% of the echovirus
isolations. However, with echovirus types 4, 6, 9, and 30,
the younger children accounted for a smaller share of the
infections, whereas the 5- to 14-year-old group had 44, 40,
40, and 50%, respectively, of the isolations of these types,
and the adults, 34, 22, 24, and 28%. Adults and older chil
dren also had a significant share of the coxsackievirus B
infections reported (types 1-5), with B3 and B5 the most
frequently isolated. Irrespective of virus type, the largest
number of cases of CNS disease reported in the WHO
study(l13) occurred in children under 15 years of age, al
though substantial numbers of adults also had neurological
involvement. The largest number of cases of respiratory ill
ness was in children under 5 years ofage. Children less than 5
years of age also predominated among the patients with se-

Table 5. New York Virus Watch: Prevalence of Neutralizing Antibodies to Coxsackieviruses on Entrance to
Observation, in Subsequently Invaded and Control Households,a by Age and Virus Typeb

Serum neutralizing antibodies by age (yr)

0-4 5-19 20+ All ages

Coxsackievirus Number of Percent Number of Percent Number of Percent Number of Percent
type persons positive persons positive persons positive persons positive

A9 56 23 57 35 69 59 182 40
BI 10 (20)< 2 (0)< 14 14 26 15
B2 36 3 37 16 37 30 110 16
B3 14 14 14 36 20 40 48 40
B4 22 5 27 33 24 58 73 33
B5 33 3 53 II 62 24 148 15

All 171 14 190 24 226 41 587 27

·Control households were selected because no member had yielded the virus in question and because they were being observed during the period of maximum
incidence of infection with the specified virus. The members examined were selected for age (preference given to children) and availability of paired or serial
sera bracketing the desired period.
"From Kogon et 01. (174) Used with permission.
<Parentheses are used for percentages based on ten or fewer observations.
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rious CNS disease in the large outbreaks of enterovirus 71
infection in Bulgaria in 1975 and Hungary in 1978.(276.360)
The age distribution of the illnesses in the to-year sur

veillance data for the United States(270) was also of interest,
confJrnling and underscoring in these national data the pre
vious views based on small epidemiologic and clinical stud
ies. Most of the reported cases were in young children (56%
of the total being under to years of age and 26%, under 1
year); this disproportionate predominance of isolates from
children under 1year of age as compared to those 1-9 years
old held true for all groups except group Acoxsackieviruses,
which were found more frequently in the older children.
Adults 20 years ofage and older accounted for only 16-20%
of all patients yielding nonpolio enteroviruses.
When the age distribution of each clinical syndrome

was compared with the overall age distribution ofthe popula
tion from whom these isolates were obtained, adults and
older children were overrepresented among carditis cases
and also among cases of encephalitis and meningitis. The
proportion of paralysis was greater than expected among the
youngest patients (0 to 4 years) as well as among those in the
20-to 24-year-old and the 35- to 39-year-old groups. Over
all, however, the youngest age group (0 to 4 years old) was
overrepresented among the milder clinical illnesses. This
may reflect both the larger number of specimens collected
from this age group and the actual predominance of mild
rather than severe illness in young children (except for
neonates).
For those enteroviruses on which data have been ob

tained, the patterns of exposure and spread and of increasing
development ofantibodies along with increasing age are gen
erally similar, although initial infections occur earlier with
some enteroviruses than with others.
Sex sometimes appears to playa role in diseases caused

by enteroviruses. It has long been known that childhood
paralytic poliomyelitis is twice as common in boys as in girls.
Asimilar male predominance has been noted for more severe
disease, e.g., CNS disease or myocarditis, than for less se
vere enteroviral disease, e.g., pleurodynia, hand, foot, and
mouth disease, respiratory disease, rash, or undifferentiated
febrile illness (see Table 17-2 in Moore and Morens,
1984).(272)

In paralytic poliomyelitis, it has long been recognized
that strenuous exercise of an arm or leg tends to localize the
paralytic manifestation to that limb. There is also evidence
suggesting that heavy physical exertion (in this case, ofhigh
school football players) may predispose infected individuals
to more severe enteroviral meningitis.(271)
5.2.5. Occurrence in Families and Closed Ecologi

cal Units. Enterovirus infections are highly communicable.
Within a community, the viruses generally spread horizon
tally via preschool children and are found more frequently in
families of large size and lower socioeconomic level. How
ever, once an agent has invaded a family, regardless of fami
ly size or circumstances, nonimmune family members read
ily become infected. In the New York Virus WatehProgram,
spread of coxsackieviruses to susceptible members of the
household was high (76%), whereas that of echoviruses was
considerably lower (43% of the susceptibles) (Table 6). In
addition to infecting those without prior type-specific anti
body, coxsackieviruses also spread to and reinfected one half
of the siblings under 10 years ofage who already had specific
antibody. Only one echovirus reinfection was observed. The
frequency of intrafamilial infection may be related in part to
the duration of virus excretion by the young index child; in
the New York Virus Watch, with a 2-week interval between
routine collections, only 16% of those infected with echo
viruses yielded virus on more than one occasion, whereas
coxsackievirus excretion on more than I day was found in
44% of the infections, and excretion for more than a month
was not uncommon.
Rapid and extensive spread also occurs in familylike

close associations such as those in children's institutions, in
cabin groups in summer camps,(128) and in the environment
of a small kibbutz. (284.427)
Wide dissemination, in which overt illnesses represent

only a "very small tip of a very large iceberg," as first
described for poliovirus infections, has been repeatedly doc
umented for a number of enteroviruses. During an epidemic
in which 149 inhabitants of a city of 740,000 were hospi
talized with echovirus 9 disease, approximately 6%, or
44,000 persons, had an illness compatible with infection
with this agent. (338) Among families that had been invaded
by the virus, the rate of inapparent or unrecognized infection

Table 6. New York Virus Watch: Age Distribution of Infectionsa

Percentage infected (number observed) by age in years

Virus group 0-1 2-5 6-9 10-19 Mothers Fathers All ages

Coxsackieb 74 (39) 85 (54) 88 (40) 67 (18) 78 (37) 47 (30) 76 (218)
Echo 43 (7) 68 (25) 58 (24) 22 (18) 24 (17) 24 (17) 43 (108)

"From Kogon et ai. (174) Used with pennission.
b'fhe coxsackieviJUses sought included only those that could he grown in cell cultures at the time of the studies.



(based on recovery of the virus) was 18%; however, among
107 persons in families in which no illness was observed,
only one person yielded the virus from a stool specimen.
When outbreaks of aseptic meningitis and related ill

nesses caused by echovirus type 30 began to spread along the
Pacific Coast in 1968, the arrival of the virus in the Wash
ington area coincided with the initiation of the Seattle Virus
Watch Program, and extraordinary opportunities were avail
able to observe infection and illness among the regularly
studied Virus Watch families as related to the community
pattern of illness. (117) Sixty-four such families containing
291 members underwent continuing virological surveillance
in this period. By virus isolation or serology or both, infec
tion was documented in 70 (79%) of 88 members of 18
families; in the total observed Virus Watch population, the
rate was 24%. The invaded families were of slightly larger
size, included more children 5-9 years of age, and included
only three persons (two adults and one young child) who had
antibody prior to the epidemic. (The families escaping infec
tion were by no means totally immune, but prior antibody
was present in 13, 14, and 17% of the children in the age
groups 2-4, 5-9, and 10-19, respectively.) Of the persons
observed to shed virus, 47% reported possibly related mild
febrile illnesses, few ofwhich were serious enough to require
medical attention; one father in an invaded family did devel
op aseptic meningitis, almost certainly caused by echovirus
30, although virus could not be isolated from his specimens.
Thus, on the basis of the Virus Watch family experiences,
there must have been many thousands ofechovirus 30 infec
tions in the Seattle area, more than half of which were com
pletely without symptoms, during the period when 44 viro
logically confirmed cases of echovirus 30 aseptic meningitis
occurred in Seattle.(374)

In the normal middle-class families of the New York
Virus Watch Program,(I 74) all the coxsackievirus- and echo
virus-associated illnesses observed throughout the study pe
riod were mild, and the largest number consisted of upper
respiratory disease with or without accompanying enteric
illness, rash, or other signs and symptoms. Central nervous
system involvement, pleurodynia, pericarditis, and her
pangina were not observed. To arrive at an estimate of the
number of illnesses attributable to the infection with which
they were temporally associated, allowance was made for
illnesses "expected" had the observed concurrent infection
not been present. For this correction, two types of controls
were used: the illness records of matched but virus-free con
trols and the subject's own illness record before and after the
episode of viral infection. For the coxsackievirus infections,
these corrected rates of attributable illnesses were 24 or 19%
(depending on which type of control is used) and for the
echoviruses , 9 or 18%. The observation of respiratory illness
in association with coxsackievirus infections has numerous
parallels in other studies, particularly in relation to cox-
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sackieviruses of group B. A number of echovirus serotypes
have also been incriminated in respiratory or respiratory
enteric diseases.
The mildness of the illnesses associated with infection

in the Virus Watch families is noteworthy. Many of the re
ports on which the more severe disease associations were
based have been derived from patient-centered or epidemic
centered investigations. As the authors indicate, the absence
of more serious enteroviral disease in this study suggests
either that the more severe syndromes are rare-as with po
liovirus infections-or that strains infecting the Virus Watch
families were of unusually low virulence.
5.2.6. Socioeconomic Setting. The close correlation

between low socioeconomic settings and the early acquisi
tion of infection with the enteroviruses has been repeatedly
emphasized in both tropical and temperate environments and
reflects the general level of hygiene of the group. Fox(87) has
predicted that in parallel with the transition of poliomyelitis
from endemic or epidemic, the frequency of severe disease
associated with coxsackievirus and echovirus infections may
increase as levels of hygiene and sanitation improve. More
individuals may escape infection as young children, only to
experience more serious clinical manifestations if they be
come infected in later childhood or adulthood. That this may
in fact be occurring is suggested by the increase in reports of
epidemics of enterovirus-caused aseptic meningitis, which
does not seem to result merely from the increase in reporting
becauseof the growing numbers and improved capabilities of
virus-diagnostic laboratories around the world.(113)

5.3. Epidemiologic Patterns of Poliomyelitis

Poliomyelitis can be viewed as having three major epi
demiologic phases: endemic, "prevaccine" or epidemic,
and "vaccine era." Historically, they represent a temporal
sequence, but they all coexist today in different regions of the
world. In some crowded, developing areas, chiefly in the
tropics, paralytic poliomyelitis continues to be a disease of
infancy (truly "infantile paralysis") that is recognized and
reported only sporadically. In these populations, virtually all
children over 4 years of age are already immune. With the
almost universal presence of antibody to all three poliovirus
types in women of childbearing age, passive immunity is
transferred from mother to offspring, and many infants sub
sequently experience their first poliovirus infections while
maternal antibodies still provide some protection against pa
ralysis. In addition, because such a large proportion of po
liovirus infections takes an inapparent or subclinical form,
particularly among infants and young children, the paralytic
cases that did occur could go unnoted or unremarked despite
the abundance of circulating virus, particularly in popula
tions faced with very high infant and child mortality rates. In
the past, the rarity of reporting of clinical paralytic poliomy-
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elitis in the tropics had led many to believe that no poliovirus
infections were present there, when in fact the reverse was
true: polioviruses were highly endemic, but the infections
were largely asymptomatic.
Despite the rarity of reports of poliomyelitis in such

areas, paralytic cases do occur and may indeed be increasing
in these areas more rapidly than had been believed. In some
instances, the reported cases may represent only about 10%
of the cases that actually occur.(409) Experience of some 30
years ago foreshadowed this situation, which is being studied
today through numerous surveys of residual paralysis in
school-age children (see Sections 3.3 and 5.2.2).
5.3.1. Epidemiologic Patlerns in Developed Nations

in Temperate Zones. The shift from the endemic to the
epidemic phase of poliomyelitis was first seen in societies
that had advanced systems of hygiene and sanitation and
were located in cooler climates. In the latter part of the 19th
century and early in the 20th, the urban, industrialized parts
ofnorthern Europe and the United States began to suffer from
epidemics of paralytic polio that became larger, more fre
quent, and more severe in an increasing number of localities.
The generally accepted explanation, borne out by numerous
studies, is that with increased economic development and
correspondingly improved resources for conununity and
household hygiene, and with the additional advantage of a
temperate-zone climate, the opportunities for inununizing
infections among infants and young children were reduced.
Therefore, more persons encountered poliovirus for the first
time in later childhood or in adult life, at ages when po
liovirus infections are more likely to take the paralytic form.
Furthermore, the delay in exposure increased the pool of
susceptibles, opening the way for rapid and explosive spread
of the viruses once they did enter the population, in contrast
to the steady endemic transmission ofthe preceding phase. In
some instances this transition from the endemic phase to the
epidemic phase took place in an abrupt shift, but in other
areas it was characterized by gradual increases in the annual
case rates of "sporadic" poliomyelitis.
For example, in the United States, just before inacti

vated polio vaccine became generally available, the average
annual number of cases of paralytic poliomyelitis was ap
proximately 21,000. In epidemics, the peak age incidence
was in the 5- to 9-year-olds, and about one third of the cases
and two thirds of the deaths occurred in persons over 15 years
of age. This was a marked change from the pattern in the
great 1916 epidemic, in which approximately 80% of cases
were in children under 5 years of age.(191)

In the first half of the 20th century, not only was it the
"advantaged" nations that experienced epidemic polio, but
it was also the socioeconomically advantaged sectors of the
population within these nations that were most at risk. Even
within the same city, wider circulation of the wild po
lioviruses in lower socioeconomic areas with poorer sanita-

tion and hygiene provided more children with inununizing
infections at an earlier age and reduced their chances of
eventually developing paralytic disease. (242.245) The last out
breaks in the United States before polio vaccine became
available included families living in good socioeconomic
conditions; the spread of the virus through the conununity
could be traced through young children who might or might
not manifest illness; however, a high incidence of paralytic
cases occurred among susceptible parents exposed to their
virus-carrying children.(207 .244.285)
5.3.2. Behavior in Developing Countries in Trop.

ical and Semitropical Regions. The change from an en
demic to an epidemic pattern of paralytic poliomyelitis is
now being seen in developing countries with rising levels of
sanitation, particularly in tropical and semitropical areas.
This pattern ofpoliomyelitis epidemiology can appropriately
be called a "prevaccine" phase even where some-but inad
equate-vaccination is already being practiced. The "vac
cine era" cannot be considered to have arrived in these areas
until vaccine administration can be extended to a large pro
portion of the susceptible population and immunization lev
els can be sustained in ongoing programs. In a great many
areas, even in countries where serious efforts are being made
to expand vaccination programs, control of the circulation of
wild viruses and of the disease is not yet complete.
Throughout the world in 1983 more than 25,000 cases

were reported to the World Health Organization, from 123
countries representing 83% ofthe population included in the
WHO reporting system. A major factor in assessing the
worldwide incidence ofparalytic polio is the continued gross
underreporting of the true numbers of cases in many areas
because of deficiencies in facilities and surveillance. In
completeness of the reported incidence figures can be dem
onstrated by comparing the reported numbers with the data
obtained in special lameness surveys (see below and Section
3.3). On the basis of these comparisons, the numbers of
officially reported poliomyelitis cases may represent only
about 10% of the actual number of cases that are occurring.
A marked contrast between low numbers of reported

cases of poliomyelitis and a relatively high frequency of
persons in the population who had residual polio paralysis
was first described more than 30 years ago.(308) Among in
fants in Cairo, Egypt, a striking correlation was discovered
between the early age at which clinical polio occurred and the
similarly early acquisition of neutralizing antibodies. As part
of this study, the apparent rarity of polio among Egyptians
was found to represent underreporting of the disease. During
the I94Os, only two to 11 cases were being reported annually
for all of Egypt, but when observations were made of those
with late paralytic disease that had never been reported, it
turned out that about 1500 cases had been occurring each
year. Thus, the annual polio incidence in Egypt during the
late 1940s was calculated to be about 7.8 per 100,000 popu-
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Table 7. Mean Annual Reported Incidence of
Poliomyelitis per 100,000 Total Population

and Incidence Estimated from Lameness Surveys
in Selected Countries during 1976-1980a

are occurring. Of 71 tropical and semitropical countries, 45
reported an incidence of poliomyelitis in 1966 that was three
times greater than the average annual incidence for the period
1951-1955.
Using Ghana again as an example, the average annual

number of cases reported was only nine during 1951-1955
but increased to 36 in 1961-1965 and to 53 in 1966-1970.
Oral polio vaccine was administered from about 1966, but to
only a small proportion ofurban Ghanian children (estimated
at about 20% of the children in Accra). The increase in cases
accelerated during 1971-1975 to an annual average of 187;
313 cases were reported in 1976, and the higher rate con
tinued. For 1976-1980, the annual average number of cases
reported was 243.(405.410) (On the basis of lameness surveys
cited above, it was estimated that the cases actually occurring
averaged more than 2000 annually.)(283.290)

In some Central and South American countries where
the disease has not yet been satisfactorily controlled, a sim
ilar trend has been seen. In Honduras, for example, in the
years from 1969 to 1973, the endemic level of poliomyelitis
was reported as being 20 to 66 cases each year. Then, in late
1976, after more than a year without a single case being
reported, there were 29 cases in 3 months, and during 1977
the number increased to 175 cases with five deaths. Most of
the patients were infants. Although some vaccine had been
used in Honduras by this time, 72% of the patients had never
received any vaccine, and only 9% had received more than a
single dose. In 1978 there were 74 cases, but again, in 1979,
there was a large increase, to 226 cases. The disease was then
brought under control, as only three cases were reported for
1980,18 for 1981, and eight each for 1982 and 1983.(415)
Payne(310) and others have shown that there tends to be

"From ref. 409 with permission.

lation, not too dissimilar from that in the United States during
1932-1946, when the average annual rate was 7.3 per
100,000.
The findings that were reported in 1952(308) have been

confumed repeatedly in recent studies utilizing surveys of
residual paralysis in school-age children as an indication of
past occurrences of paralytic poliomyelitis. By gathering in
formation on the prevalence of types of lameness compatible
with a history of paralytic poliomyelitis, investigators have
estimated the annual incidence ofparalytic poliomyelitis dur
ing the years just priorto the surveys.(I8. 131, 183.290) For ex
ample, in Ghana, although no large epidemics had been re
ported, the incidence of poliomyelitis based on lameness
surveys in 1974 was estimated to have been 116 per 100,000
children 0-5 years of age during the 1960s, that is, about 28
per 100,000 total population.(290) This amounts to about
2100cases annually, 10 to 20 times the number that had been
diagnosed and reported during the same period. This inci
dence was higher than the rates of paralytic polio seen in the
United States and Europe just before the poliovaccines were
introduced. Among the children with poliomyelitic lameness
in Ghana, about 91% had experienced their acute disease
during the first 4 years of life.
Similar surveys conducted in a number of other coun

tries(415) have also indicated that the recent prevalence of
paralytic poliomyelitis in children had been much higher than
was believed from case reports. These surveys also show that
much of the recent paralytic disease occurs at very early ages.
In Ghana, 22% of the cases were found to have occurred in
the first year of life, and 65% before the age of 2 years; in
Nigeria, more than 7% ofcases occurred in infants less than 6
months old, and more than 76% took place in the first 2years
of life.
Lameness data from some sections of India, reported in

1979,(408) showed a minimum annual incidence rate of 50
cases per 100,000 children below 6 years of age, or ten cases
per 100,000 population. Extrapolated for the entire country
(population close to 700 million), this meant that at least
70,000 children in India were developing paralytic poliomy
elitis each year,(407) which was five to seven times the
number officially reported in the corresponding period.
Table 7 shows data from various surveys of residual

paralysis, listing the reported incidence per 100,000 popula
tion during 1976-1980 as compared to the estimated inci
dence for the same period based on lameness surveys.(409)
Representative surveys, with discussions as to the type of
information gathered in various localities and the limitations
of survey data, have been reviewed.(81.415)
Although the "background" endemic presence of pa

ralytic poliomyelitis in many developing countries, as indi
cated above, is much larger than hitherto believed, it is also
true that a real change in the pattern has taken place in many
of these countries,(325.405-407.409.41O.412.415) and epidemics

Country

Burma
Egypt
Ghana
India
Indonesia
Ivory Coast
Malawi
Thailand
Cameroon
Yemen

Reported annual
incidence

1.1
1.8
2.3
2.1
0.1
1.2
1.2
1.7
1.2
3.3

Annual incidence
estimated from
lameness surveys

18
7
31
18
13
34
28
7
24
14
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an inverse relationship between infant mortality rates and the
incidence of clinical poliomyelitis. Paul(304) pointed out that
when the infant mortality rate in a country drops below 75 per
1000 live births, the incidence of reported polio can be ex
pected to increase. Thus, epidemic polio was a disease of
affluent societies in the ftrSt half of the 20th century and is
now an unwelcome concomitant of improved living stan
dards in developing nations, unless it is controlled by
vaccination.
5.3.3. Behavior in the Vaccine Era. The vaccine era

for most countries in Europe, North America, Oceania, and
some countries in other regions of the world began after
1955, when inactivated poliovirus vaccine was introduced,
and was even more fmnly established in the 1960s, when live
attenuated vaccines became available on a large scale in
some countries. Rarely has a serious disease been controlled
so quickly and dramatically as was poliomyelitis in these
countries. In 1955, the Soviet Union, 23 other European .
countries, the United States, Canada, Australia, and New
Zealand experienced a total of more than 76,000 reported
cases of poliomyelitis. Only 12 years later, in 1967, 1013
cases were recorded in these same countries, a reduction of
almost 99%.
Even further reductions followed. In 22 industrialized

European countries, the total average annual number of po
liomyelitis cases in 1966-1970 was 751 , and in 1971-1975,
this figure was 357; in 1976, there were 151 cases, and in
1977, 145. Adding the data for the same periods from Aus
tralia, Canada, Japan, New Zealand, and the United States,
these 27 industrialized countries around the world (contain
ing a total of approximately 680 million persons) had total
annual case rates of 807 for 1966-1970, 377 in 1971-1975,
165 in 1976, and 169 in 1977.(403,405)

In the United States, from the high prevaccine rates of
paralytic polio, between five and ten per 100,000 population
(that is, 10,000 to 21,000 paralytic cases per year), cases be
came far fewer after the killed vaccine came into use, in some
years reaching incidence rates as low as 0.5 per 100,000
population. But this still meant that significant numbers of
cases were occurring; in 1959, there were 5700 paralytic
cases in the nation, and in 1960, there were more than 2500.
Concomitant with the use of killed vaccine and the decreasing
numbers of cases as compared with the 1955 totals was the
finding that some of the cases were in the fully vaccinated. In
a study of several thousand paralytic cases, 17% were in
children who had received three injections of the killed vac
cine. Some of the disappointing results may have been relat
ed to problems that have since been corrected in the few small
countries (HolIlPld, Sweden, Finland) that have used inacti
vated vaccines solely through most of the vaccine era.
Following the introduction of live poliovirus vaccine in

the United States, the average annual number of paralytic
cases decreased precipitously, to 240 during 1961-1965.

In subsequent years, the rates averaged 40 to 50 cases

annually, decreasing to 18 cases in 1969. In 1970, however,
32 cases were reported, including 22 from an epidemic in
Texas among nonimmunized persons. For the 10 years
1970-1979, the average annual number of cases was 17.
Thus far into the 1980s, the average annual number of cases
is less than ten per year; for 1986, only five cases were
reported. Thus, in recent years case rates have ranged from
0.02 down to less than 0.001 per 100,000 population.
Now, in the well-vaccinated areas of the world, vac

cine-era epidemiologic patterns of poliomyelitis are becom
ing established. These patterns differ from one country to
another and .to some extent even within the same country.

5.3.3a. Virus Isolation. In a number of areas where
routine immunization programs regularly cover almost all
infants and children and/or mass vaccination campaigns are
conducted regularly and are implemented so as to reach es
sentially all young children, virtually no cases are being re
ported, and wild polioviruses are rarely identified. This is
true for a number of European, American, Asian, and West
ern Pacific countries that have extensive and continuing live
vaccine programs. Almost all isolates now closely resemble
the vaccine strains and are generally presumed to be vaccine
progeny. Vaccine viruses are abundantly excreted by the
vaccinee and infect unvaccinated contacts. The rare cases of
poliomyelitis that do appear may be caused by imported
wild viruses or may in some instances be vaccine-associated
(see Section 9). Thus, it seems that within many countries
an end to wild poliovirus transmission has indeed been
achieved.(281.369,370,432)

5.3.3b. Does This Mean That Poliomyelitis Is Being
Eradicated? Absence of poliomyelitis cases in many areas
has come about, but only within the borders of certain coun
tries. Long-term studies suggest that wild polioviruses may
indeed become almost completely eliminated following con
sistent proper use of vaccine. For example, in Japan since
1964, infants between the ages of 3 months and 18 months
have been vaccinated with two doses of trivalent live virus
vaccine by routine administration at local health centers over
short periods in spring or autumn. Beginning in 1962, a
collaborative study conducted under the sponsorship of the
Ministry ofHealth and Welfare has included serological sur
veys for levels of antibody against polioviruses and viro
logical studies for isolation and identification ofpolioviruses
from the feces of healthy children in periods when the vac
cine campaigns were not underway, Although no similar
study has been carried out in the United States, a comparison
can be made with other U.S. data. Isolation from fecal spec
imens obtained in 1962-1968 from healthy children in Japan
2 months or more after routine vaccination periods(370) can
be compared to American findings of more than a decade
earlier (in 1951-1953),(213) made in surveys of healthy pre
school children in Charleston, West Virginia, and Phoenix,
Arizona, during the period prior to the development of po
Iiovaccines. The results are shown in Tables 8 and 9. The
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Table 8. Distribution of Enteroviruses Isolated from Healthy Children in Populations ofContrasting Socioeconomic
Levels during a Nonepidemic Period (l951-1953)a

Number of
Percentage yielding viruses

Population specimens tested Polioviruses Coxsackieviruses Echoviruses All enteroviruses

Charleston, WV
Lower 597 2.3 2.3 3.7 8.4
Upper 1028 0.5 1.5 0.8 2.7
Phoenix, AZ
Lower 943 3.0 2.0 8.3 13.3
Upper 399 1.0 1.0 0.3 2.3
Total
Lower 1540 2.8 2.1 6.6 11.4
Upper 1427 0.6 1.3 0.6 2.6

"From Melnick. (213) Used with pennission.

Table 9. Poliovirus Isolation from Fecal Specimens from Healthy Children Collected Not Less than 2 Months
after the Routine Vaccinationa

Poliovirus isolated

Number of Number of Type Other
specimens cytopathogenic cytopathogenic

Year Time of specimen collection examined agents isolatedb Numberb 2 3 agentsb

1962 Late summer-early autumn 974 31 I 0 0 30
(3.2) (0.1) (3.1)

1963 Late summer-early autumn 4954 127 5 0 4 122
(2.6) (0.1) (2.5)

1964 Late summer-early autumn 2299 81 10 2 7 71
(3.5) (0.4) (3.1)

Late autumn-early winter 1803 18 17 4 II 2 I
(1.0) (0.9) (0.1)

1965 Late summer-early autumn 2069 174 I 0 0 173
(5.7) (0.05) (5.6)

Late autumn-early winter 1770 41 I 0 0 40
(2.3) (0.06) (2.3)

1966 Late summer-early autumn 3048 107 5 3 102
(5.2) (0.2) (5.0)

Late autumn-early winter 1831 19 6 4 13
(1.4) (0.3) (0.7)

1967 Late summer-early autumn 1962 131 0 0 0 0 131
(6.7) (6.7)

Late summer-early winter 1833 20 2 2 0 0 18
(1.1) (0.1) (1.0)

1968 Late summer-early autumn 1504 114 2 2 0 0 112
(7.6) (0.1) (7.4)

Late autumn-early winter 1583 32 3 0 2 29
(2.0) (0.2) (1.8)

"From Takatsu el al. (370) Used with pennission.
"The figures in parentheses indicate the percentage of the total number of specimens examined.
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rates ofoccurrence for nonpolio enteric viruses in Japan were
of the same order of magnitude as those found earlier in the
U.S. cities, but the effect of systematic widespread vaccina
tion in Japan is clearly reflected in greatly reduced preva
lence of polioviruses.(359) Most of the poliovirus isolates
studied in Japan were vaccinelike in their properties and were
considered to be vaccine virus progeny.(369)
The United States, like Japan, has for many years relied

almost completely on live polio vaccine, and in this country
also it appears that there is no longer any endogenous reser
voir of wild polioviruses. Wild strains continue to be intro
duced, particularly from Mexico, but even such imported
cases are extremely rare and almost never result in secondary
cases. It has been postulated(432) that the use of live poliovac
cine has achieved this result by establishing intestinal re
sistance extensively within the population, reducing the pool
of susceptible individuals below the level required for per
petuation of wild polioviruses, so that there has been a true
break in the chain of infection.
However, even in well-vaccinated countries that have

achieved almost complete elimination of paralytic poliomy
elitis by full and proper use of either live attenuated vaccine
or inactivated vaccine, there may be important gaps in pro
tection. This vulnerability was shown by the outbreaks of
poliomyelitis among persons refusing vaccine on religious
grounds in the Netherlands, Canada, and the United States in
1978 and 1979.(34.93.404) A more recent outbreak in a well
vaccinated population occurred in Finland in 1984
1985(94.140.192.201) (see Section 9 for details). These out
breaks were an unfortunate reminder that virulent wild po
Iioviruses do indeed still exist and can readily circulate
among susceptibles. Thus, .,eradication" ofpoliomyelitis or
of wild polioviruses cannot be considered to be approaching
so long as importation ofvirulent wild polioviruses remains a
clear danger against which no nation can be secure except by
maintaining high levels of immunity through vaccination.

5.3.3e. Breadth of Immunity. In many countries, the
success of live poliovirus vaccination programs has reduced
the wild poliovirus circulation so substantially that there are
now increasing numbers of people whose immunologic ex
perience with polioviruses is limited to a single vaccine strain
of each type. It is believed by many that full and continuing
immunization with killed poliovirus vaccine also has a con
siderable effect in limiting the circulation of wild po
Iioviruses, particularly in populations in developed coun
tries. It is conceivable that the changed ecological situation
could act on wild poliovirus populations as a selective muta
tional pressure toward wide antigenic divergence from the
attenuated vaccine strains. If such shifts were to occur, they
might permit an increase in the silent circulation of hetero
logous, but homotypic, wild strains, perhaps reintroducing
the risk ofparalytic poliomyelitis for individuals lacking suf
ficiently broad vaccine-induced immunity. In the face of

such a development, it would be appropriate to investigate
whether successive infections with two different attenuated
polioviruses of the same type could provide a broadening of
alimentary-tract resistance to wild homotypic viruses.

In some early field studies, children immunized with
one strain of type 3 vaccine virus and subsequently given
another vaccine strain of the same serotype were susceptible
to the second vaccine strain-homotypic but heterologous
but not to the frrst vaccine strain.(151) These observations
raised some concern that the breadth of vaccine-induced im
munity may be limited, leaving some vaccinees susceptible
to successful infection by new wild homotypic strains in
areas where little or no wild virus now circulates.
Concern about limitations of the breadth of vaccine

induced immunity was raised again in 1985(192) in light of
Finland's experience with an altered strain oftype 3virus that
was able to break through to cause an outbreak in a popula
tion well vaccinated with IPV (see Section 9.1). The pos
sibility of an alarming degree of variation was underscored
by further findings on the divergent properties of the epi
demic strain.(l4O·201) However, the Finnish IPV previously
used was recognized to have a low level of immunogenicity
for type 3, and other vaccines-both OPV and the new, more
potent IPV-induced high antibody titers against the Finnish
epidemic type 3 strain. Furthermore, other similarly diver
gent type 3strains have not been found anywhere in the world
since the Finnish outbreak.
Thus far, altered strains do not seem to be divergent

enough to suggest that the strains in either the live or killed
vaccines should be changed in order to provide different and
broader antigenic coverage.

5.3.3d. Continuing Cases. At the same time as some
nations have been totally free from polio for a number of
years, tens of thousands of cases of polio are still reported
each year, and many more go unreported; worldwide, there
may be more than 250,000 cases annually.(325) The WHO
Expanded Programme for Immunization (EPI) was initiated
with the objective of reducing morbidity and mortality from
six target diseases, including polio, by providing immuniza
tion against them for every child in the world. The program
activities continue to depend heavily on technical coopera
tion with and among developing countries, and considerable
progress is being made(411.414) (see Section 9.3).
Other aspects of the epidemiology of controlling polio

myelitis in the "vaccine era"-including social failure
are also discussed in Section 9.

6. Mechanisms and Routes of Transmission

Man is the only known reservoir for members of the
human enterovirus group, and close human contact appears



to be the primary avenue of spread. For almost all these
agents, virus can be recovered from the oropharynx and in
testine of individuals infected either clinically or sub
clinically and is generally shed for longer periods (up to a
month or more) in stools than in secretions of the upper
alimentary tract. Thus, fecal contamination (fingers, table
utensils, foodstuffs, milk) is the usual source of infections.
However, droplets or aerosols from coughing or sneezing
can also be a source of direct or indirect contamination.
Coxsackievirus A21 has been shown to be more abundant in
nasal secretions than in those from the throat and has been
experimentally transmitted from infected volunteers by air
borne aerosols produced by natural coughing.(S4) Entero
virus 70, the newly recognized agent of acute hemorrhagic
conjunctivitis,(26S) has thus far been found almost ex
clusively in conjunctival and throat speclmCn~, out fecal iso
lations have been reported.

In epidemics of conjunctivitis primarily caused by an
other enterovirus (e.g., coxsackievirus A24),<426) strains of
poliovirus type I, unlike the Sabin vaccine strains in proper
ties, have also been isolated from conjunctivae. On another
occasion, a Sabin-like strain of type 3 was isolated from
conjunctivae of a family member who was in contact with an
infant vaccinee immediately after the infant received OPV.
Polioviruses have not usually been looked for in con
junctivae, and it may be that conjunctival infections with
polioviruses are more frequent than has been recognized. It
appears that transmission ofpoliovirus may sometimes occur
by this route.
Wann weather favors the spread of virus by increasing

human contacts, the susceptibility of the host, or the dis
semination of the virus by extrahuman sources. The viruses
are most readily spread within the family, and the extent of
the intrafamilial infection appears to be closely related to
duration of virus shedding, particularly by young children.
During periods of epidemic prevalence, in both rural

and urban areas, houseflies (Musca domestica) and filth flies
(Phormia regina, Phaenicia sericata, Sarcophagan species)
may be found contaminated with enteroviruses(237.238) and
may act as mechanical carriers. The importance of flies in
transmission is not easily evaluated, although it is important
to note that virus has been found in food naturally contami
nated by flies.(391) Virus persists in flies for weeks but does
not multiply. (246)
Enteroviruses are present in urban sewage even during

periods when no clinically apparent enteroviral infections are
being seen in the community. Sewage may serve as a source
of Cl 1tamination not only of flies but also of water supplies
used for drinking or bathing, or through its use as fertil
izer. (240) Enteroviruses also have been found in aerosols pro
duced by sprinkler irrigation using recycled wastewater. (226)
The presenceofhuman enteric viruses in water has been

recognized for several decades, but the full health signifi-
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cance of this pollution has yet to be detennined. The prob
lems relate both to the treatment methods themselves and to
the criteria for monitoring waters to detennine the success of
the treatments intended to ensure freedom from health haz
ards for drinking water, recreational waters, or food
harvesting waters.
The health hazard associated with the discharge of

virus-laden sewage into estuaries and oceans became evident
with outbreaks of shellfish-associated hepatitis A (caused by
enterovirus type 72). Oysters, clams, and mussels can con
centrate enteroviruses from water into their tissues. They are
filter-feeding organisms; that is, they sieve out suspended
food particles from a current of water passing through the
shell cavity. Since the entire shellfish is often consumed raw
or inadequately cooked, it functions as a passive virus
carrier. (240)
A health hazard from contaminated water sources may

result from dependence on bacterial standards. The bacterial
agents that have been used successfully as sentinels in con
trolling water carriage ofenteric bacterial diseases have been
questioned as adequate indicators of viral contaminants. In
comparison to the bacterial indicators (total coliform and
fecal coliform indices), viruses are far less effectively re
moved by many of the treatments used for sewage and water
and survive much longer, and thus viruses are frequently
found in water sources that meet bacterial standards.
Water-borne outbreaks of enteroviruses are not easily

recognized. Many of these viruses cause infections that are
usually inapparent, and thus when clinical manifestations do
occur they are difficult to trace, and polluted water sources
may be missed. The problem of recognizing water transmis
sion is also exacerbated by the fact that viruses can travel
long distances from the source of contamination and still be
infectious.(227)
Understanding environmental factors controlling enter

ic virus survival and transport in nature could be a key to
understanding the maintenance of infections within a popula
tion. Environmental conditions can greatly affect the sur
vival and transport of viruses in nature, and there are numer
ous routes by which excreted virus may find its way back to
the human host (Fig. 3).(240) Many of these routes relate to
water as a vehicle in which infectious viruses are
carried. (17 .239.418)

In most of the world, human wastes are discharged into
natural waters with little or no treatment. Thus, there is little
reduction in the initial input of viruses. However, in the
developed countries a large part of sewage is processed by
biological or physicochemical methods before discharge into
receiving waters. Although treatment processes can result in
large reductions in the concentration ofviruses present in raw
sewage, substantial numbers usually remain. Disinfection of
treated sewage by chlorine is sometimes practiced; although
this is effective in reducing bacterial pathogens, viruses are
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Excreta from Man

Figure 3. Routes of enteric virus tiansmission. From Melnick et al. (240)

not eliminated by this treatment because of their greater re
sistance, particularly in the presence of organics.
The average concentration of enteroviruses in sewage

appears to be about 100 PFU per liter in the United States, but
tenfold more or even higher concentrations may often be
found. Because of the widespread use of live poliovaccine,
poliovirus is often present in the highest concentration.

In other regions of the world, much higher concentra
tions ofvirus have been observed. The average concentration
of enteric viruses in sewage in less-<1eveloped countries of
the world may be 100 times that observed in the United
States. However, these concentration differences may reflect
to some extent the higher per-capita water consumption in
industrialized countries and the consequent greater dilution
of virus in wastewater.
Besides being detected in treated sewage and even in

drinking water, enteroviruses have also been isolated from
marine areas receiving both raw and chlorine-treated
sewage. In addition, they have been detected several kilo
meters from the nearest source ofsewagedisposal. in bathing
beach waters. and in waters where sewage sludge is dis
carded many kilometers from the coast.
Enteroviruses have also been detected in marine sedi-

ment in areas of sewage and sludge disposal. The greatest
portion of virus pollutants may be associated with
solids. (260.26 I)

With intentional recycling ofwater already occurring in
a number of places in the world, and inadvertent recycling
taking place in even more locales, it is clear that public
health authorities must be alert to the possibility that water
can be a route through which enteroviral diseases are trans
mitted. During an epidemic of coxsackievirus B5 infections
in a boys' summer camp on Lake Champlain, the virus was
isolated from water from the lake swimming area.(28) Al
though in this outbreak the clustering of infection in cabins
suggests the principal mode of spread to be person to person,
an oral-water-oral route is possible, as well as a rectal
water-oral route.
A strain of coxsackievirus A6 originally obtained from

mosquitoes in Fiji has been found to survive in mosquitoes
experimentally infected by injection or by feeding on viremic
mice, and a small number of transmissions to baby mice by
bite were obtained. The function of the mosquito as a true
vector was not demonstrated, however, for virus did not
multiply within the insect; in both fed and injected mos
quitoes, virus titers never exceeded the original level. (202)
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7. Pathogenesis and Immunity
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7.1. Pathogenesis

The portal ofentry ofenteroviruses is believed to be the
alimentary tract via the mouth. The incubation period (de
fined as the time from exposure to onset ofdisease) is usually
between 7and 14days but may range from 2to 35 days. After
initial and continuing virus multiplication, probably in lym
phoid tissue of the pharynx and gut, viremia may occur and in
tum lead to further virus proliferation in the cells of the
reticuloendothelial system and finally to involvement of the
target organs (spinal cord and brain, meninges, myocardium,
skin). (24) Usually, the virus is excreted in the stools for sever
al weeks and is present in the pharynx 1-2 weeks post
infection in individuals having either clinical or subclinical
infection. Enteroviruses have been isolated from feces, phar
yngeal washings, cerebrospinal fluid (CSF), heart, blood,
the CNS, urine, conjunctivae, and lesions of skin or mucous
membranes; each enterovirus has its own preferential target
organs.
Two or more enteroviruses may propagate simul

taneously in the alimentary tract,(302) but under many cir
cumstances, multiplication of one virus may interfere with
growth of the heterologous type. Interference with the
growth ("take") of live poliovaccine by concurrent infec
tions with other enteroviruses is now well established. If an
active enterovirus infection thus prevents the vaccine virus
from becoming established in the gut, revaccination will be
necessary to confer immunity.
Pathogenesis has been studied most thoroughly for p0

liomyelitis, the most serious disease caused by any of the
enteroviruses. (23.24) The pathogenesis of poliomyelitis may
be summarized as follows (see. Fig. 4).
Poliovirus may be found in the bloodofpatients with the

abortive fonn ("minor illness") and can be detected several
days before onset of clinical signs of CNS involvement in
patients who develop nonparalytic or paralytic poliomyelitis.

9

10
Figure 4, Schematic illustration of the pathogenesis of poliomyeli
tis (modified from Fenner). Virus enters by way of the alimentary
tract and multiplies locally at the initial sites of virus implantation
(tonsils, Peyer's patches) or the lymph nodes that drain these tissues,
and virus begins to appear in the throat and in the feces. Secondary

11virus spread occurs by way of the bloodstream 10 other susceptible
tissues, namely, other lymph nodes, brown fat, and the CNS. Within
the CNS the virus spreads along nerve fibers. If a high level of
multiplication occurs as the virus spreads through the CNS, motor
neurons are destroyed, and paralysis occurs. The shedding of virus 12
into the environment does not depend on secondary virus spread 10

the CNS.

High level of anti
body in serum

Paralysis

Ellcretion
in feces
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In orally infected monkeys and chimpanzees, viremia is also
regularly present in the preparalytic phase of the disease.
Antibodies to the virus appear early in the natural infection
and also early in orally infected experimental animals. Anti
bodies are usually present by the time paralysis appears. In
man, viremia has been demonstrated regularly following in
gestion of type 2 oral polio vaccine. Free virus is present in
the serum between days 2 and 5 after vaccination, and virus
bound to antibody can be detected for an additional few
days.(247) Bound virus is detected by acid treatment, which
inactivates the antibody and liberates active virus.
The virus first multiplies in the tonsils, the lymph nodes

of the neck, Peyer patches, and the small intestine. The CNS
may then be invaded by way of the circulating blood. In
monkeys infected by the oral route, small amounts of anti
body prevent the paralytic disease, whereas large amounts
are necessary to prevent passage of the virus along nerve
fibers. In man also, antibody in low titer in the form of '/
globulin from human donors may prevent paralysis if given
before exposure to the ViruS.(120)

In the experimental infection in monkeys, poliovirus
can spread along axons ofperipheral nerves to the CNS, and
there it continues to progress along the fibers of the lower
motor neurons increasingly involving the spinal cord or the
brain. Neural spread may also occur in children who have
inapparent infections at the time of tonsillectomy. In this
situation, poliovirus present in the oropharynx may enter
nerve fibers exposed during surgery and spread to the brain,
resulting in bulbar paralysis. A similar mechanism of virus
spread along neural pathways may be responsible for the rare
instances of paralysis in a limb recently injected with an
irritating material during a period of high poliovirus preva
lence. An alternative mechanism for the adverse effects of
tonsillectomy has been suggested (see Section 7.2).
Poliovirus invades certain types of nerve cells, and in

the process of its intracellular multiplication, it may damage
or completely destroy these cells. The anterior hom cells of
the spinal cord are most prominently involved, but in severe
cases, the intermediate gray ganglia and even the posterior
hom and dorsal root ganglia are often affected. Lesions are
found as far forward as the hypothalamus and thalamus. In
the brain, the reticular formation, the vestibular nuclei, the
cerebellar vermis, and the deep cerebellar nuclei are most
often affected. The cortex is virtually spared with the excep
tion of the motor cortex along the precentral gyrus.
Poliovirus does not multiply in muscle in vivo. Its chief

site of action is in the neuron, and the changes that occur in
peripheral nerves and voluntary muscles are secondary to
destruction of the nerve cell. Changes occur rapidly in nerve
cells, from mild chromatolysis to neuronophagia and com
plete destruction. Cells that are not killed but that lose their
function temporarily as a result of edema may recover com
pletely. Inflanunation occurs secondary to the attack on the

nerve cells; the focal and perivascular infIltrations are chiefly
lymphocytes, with some polymorphonuclear cells, plasma
cells, and microglia. In addition to pathological changes in
the nervous system, hyperplasia and inflanunatory lesions of
lymph nodes and of Peyer patches and other lymph follicles
in the intestinal tract are frequently observed; interstitial in
fIltration of the myocardium with leukocytes is common, but
necrotizing myocarditis is rare.
The pathogenesis of the nonpolio enteroviruses is sim

ilar in the initial stages of infection of the patient, but the
target organs vary.(42l For example, some of these viruses
may infect the CNS to cause meningitis or paralysis (e.g.,
echovirus 4, enterovirus 71), whereas others may infect the
heart muscle (e.g., coxsackievirus B group) and even the
pancreas.

In contrast to other enteroviruses, enterovirus 70 is easi
ly spread by fomites as well as by direct inoculation of con
junctiva from contaminated fingers. Incubation periods are
relatively short (12 to 72 hr). The virus replicates preferen
tially at 33 to 35°C, an adaptation to conjunctival tem
peratures instead of the higher temperatures of the gut.

7.2. Immunity

Because of the severity ofdisease caused by poliovirus,
immunity to this enterovirus has received most attention.
Immunity to the poliovirus type causing the infection is per
manent. There may be a low degree ofheterotypic resistance
induced by infection, especially between type I and type 2
polioviruses. This may account for the observation that sec
ond attacks of polio have most often involved types 1and 3.
Passive immunity is transferred from mother to off

spring. The maternal antibodies gradually disappear during
the frrst 6 months of life. Passively administered antibody
lasts only 3 to 5 weeks.
Virus-neutralizing antibody forms within a few days

after exposure to the virus, often before the onset of illness,
and persists, apparently, for Iife.<309l. Its formation early in
the infection is a result of viral multiplication in the intestinal
tract and deep lymphatic structures before invasion of the
nervous system. Since antibodies must be present in the
blood to prevent the dissemination of virus to the brain and
are not effective after this has already occurred, immuniza
tion is of value only if it precedes the onset of symptoms
referable to the nervous system.
A decrease in resistance to poliovirus accompanies re

moval of tonsils and adenoids. Preexisting secretory anti
body levels in the nasopharynx decrease sharply following
operation (particularly in young male children) without any
change in antibody levels in serum. Local antibody levels
remain low or absent for as long as 7 months. In susceptible
seronegative children, nasopharyngeal antibody response to
polio vaccine develops signifIcantly later and to lower titers
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in children previously tonsillectomized than in those with
intact tonsils. Thus, surgery of this type may eliminate a
valuable source of immunocompetent tissue of importance in
resistance to poliovirus.
The type specificity of maternal antibodies has been

studied in the laboratory. (233) In cross-protection tests in in
fant mice born of immunized mothers, coxsackieviruses
show the same type specificity as that observed in neutraliza
tion (Nt) and complement-fixation (CF) tests. The immunity
conferred by mother's milk also proved to be type specific. In
humans, also, a passive transfer of neutralizing and CF anti
bodies from the mother to the offspring occurs.
Circulating serum antibody against enteroviruses is not

the only source of protection against infection. The nature of
the so-called local or cellular immunity, which is manifested
by protection against intestinal reinfection after recovery
from a natural infection or after immunization with the live
polio vaccine, has not been completely elucidated.
Local or secretory IgA is increasingly recognized as

having an important role in defense against enteroviral infec
tions.(291.293.331) The development of both serum and se
cretory antibody responses to orally administered live polio
vaccine and to intramuscular inoculation of killed polio vac
cine is shown in Fig. 5.(292)
Enteroviral infections carry an increased risk for per

sons with deficiencies in either humoral or cell-mediated
immunity. In such persons, poliovirus infection may develop
in an atypical manner, with an incubation period longer than
28 days, a high mortality rate after a long chronic illness, and
unusual lesions in the CNS.(65) A few such persons are in
cluded among the vaccine-associated paralytic poliomyelitis

cases that have been reported in the United States (see Sec
tion 9.2.2). In addition to the devastating consequences to
some of these individuals after infection by polioviruses,
several studies have documented a number of persistent or
fatal infections of immunodeficient persons by echoviruses
of several types (echovirus types 30, 19, 9, 33, and
11).(396.434) In most of the patients in these studies, the chief
deficit was in the B-cell functions associated with humoral
immunity, and the T-cell function was normal (or only sec
ondarily defective). Some patients had been regularly treated
from birth into the midteens by administration of human
immune serum globulin. A prominent feature of the echo
virus infections was the patients' inability to eradicate the
virus from the CSF; some continued to yield virus for up to 3
years.(I34.208)
The mechanisms involved in viral persistence are not

well understood, and in vitro systems can provide a useful
approach to the identification and study of factors regulating
viral persistence. Persistent in vitro virus infections have
been categorized into two major groups: those in which all of
the cells are infected and those in which only a small fraction
of cells is infected. A steady-state infection could be estab
lished by echovirus 6 (prototype strain D'Amori) in cloned
cultured human WISH cells.(I03) The infection was main
tained for 3 years (more than 125 passages), and essentially
all of the cells were infected and expressed viral antigens.
Only one other enterovirus, type 72 (hepatitis A), is known to
produce a similar prolonged infection.(361.378) Immune
serum was not required either to establish or to maintain the
echovirus 6 persistence in the cultures, and the infection
could not be cured by treatment with excess antibody. Defec
tive virus particles were produced in excess during this per
sistence, but their role is not yet clear.

8. Patterns of Host Response and Diagnosis

8.1. Clinical Syndromes

Tables 10-14 list the prototype strains of the known
enteroviruses together with the illness (if any) in the person
yielding the prototype virus. Sections 8.1.1 through 8.1.12
describe the various host responses to enteroviruses includ
ing the major clinical manifestations associated with entero
viruses and the serotypes most frequently associated with
them. It should be noted that Section 8. I. I-Asymptomatic
Infections-is included to emphasize the frequency with
which no apparent illness is manifested by the individual
infected with an enterovirus. The listing of clinical syn
dromes in the subsequent sections is not exhaustive, since
additional serotypes have been sporadically associated with
other syndromes. Further details concerning enteroviral dis
eases may be found in several reviews on the role of nonpolio
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Table 10. New Enterovirus Types

Illness in person yielding
Type Prototype sttain Geographic origin prototype virus Investigator(s)

68 Fermon California Lower respiratory illness (pneu- Scheible et al. (348)

monia and bronchiolitis)a
69 Toluca-I Mexico Noneb Rosen et al. (328)

70 J670171 Japan and Sin- Acute hemorrhagic conjunctivitis Kono et al.. (178)

gapore (AHC)c Yin-Murphy and Lim, (425)
Mirkovic et al. (265)

71 BrCr California Meningitisd Schmidt et al. (352)

"Prototype isolated from throat swabs.
"Prototype isolated from rectal swabs.
<Protorype isolated from conjunctival swabs.
dPrototype virus recovered from stool; an identical strain was isolated from the brain of a fatal encephalitis case in the same local outbreak of CNS disease,
which occurred in California in 1970. Strains of tile same serorype have since been isolated from patients during epidemics of polioencephalitis, meningitis,
and hand, foot, and mouth disease.(21.43.44,66,116,16$,251.267.276.360.363)

enteroviruses in human disease(42,113.168,2S5.272) and in re
views covering specialized topics such as viral myocardiopa
thies,(l87.194,19S,400) coxsackievirus infections of new
borns,(lOO, 152) virus diseases associated with cutaneous
eruptions,(394) respiratory disease viruses,(l49) congenital
malformations associated with maternal viral infections,(20)
and the possible role of viruses in diabetes melli
tus. (l1.S5.287.288)
8.1.1. Asymptomatic Infections. Despite the special

situations that may hold true for the very young,(42) by far the
most common form of infection by any of the enteroviruses is
asymptomatic or is manifest by no more than minor malaise.
Tlris is true not only for poliovirus infections but also for
infections by coxsackieviruses, echoviruses, and the newer
enterovirus serotypes. However, careful observation of
symptoms may reveal clinical manifestations to occur more
frequently than has been generally recognized,(42) and se
rious clinical syndromes can be associated with many of
these agents. The more common of these are discussed in the
following sections.
8.1.2. Poliomyelitis. When an individual susceptible

to infection is exposed to poliovirus, one of the following
responses may occur: (I) inapparent infection without symp-

toms, (2) mild (minor) illness, (3) aseptic meningitis, (4)
paralytic poliomyelitis. As the disease progresses, one re
sponse may merge with a more severe form, often resulting
in a biphasic course: a minor illness followed rust by a few
days free of symptoms and then by the major, severe illness.
Only about I% of infections result in recognized clinical
illness.

8.1.2a. Abortive Poliomyelitis. Abortive poliomyeli
tis is the most common form of the disease. The patient has
only the minor illness, characterized by fever, malaise,
drowsiness, headache, nausea, vomiting, constipation, or
sore throat in various combinations. The patient recovers in
a few days. The diagnosis of abortive poliomyelitis cannot
be made with assurance, even during an epidemic, except
when the virus is isolated or antibody development is
measured.

8.1.2b. Nonparalytic Poliomyelitis (Aseptic Men
ingitis). In addition to the aforementioned symptoms and
signs, the patient with the nonparalytic form presents stiff
ness and pain in the back and neck. The disease lasts 2-10
days, and recovery is rapid and complete. In a small percent
age of cases, the disease advances to paralysis. Poliovirus is
only one of many viruses that produce aseptic meningitis.

Table II. Poliovirusesa

Illness in person yielding
Type Prototype strain Geographic origin prototype virus Investigator(s)

I Brunhilde Maryland Paralytic poliob Howe and Bodian
2 Lansing Michigan Fatal paralytic polioc Armstrong
3 Leon California Fatal paralytic polioc Kessel

"From Melnick et aI. (20') Used with permission.
"Virus recovered from feces.
<Virus recovered from spinal cord.
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Table 12. Group A Coxsackievirusesa •b

Illness in person yielding
Type Prototype strain Geographic origin prototype virusc Investigator

I Tompkins Coxsackie, NY Poliomyelitisd Dalldorf
2 Heetwood Delaware Poliomyelitisd Dalldorf
3 Olson New York Meningitis Dalldorf
4 High Point North Carolina Sewage of polio community Melnick
5 Swartz New York Poliomyelitis Dalldorf
6 Gdula New York Meningitis Dalldorf
7 Parker New York Meningitis Dalldorf
8 Donovan New York Poliomyelitis Dalldorf
9 Bozek New York Meningitis Dalldorf
10 Kowalik New York Meningitis Dalldorf
II Belgium-I Belgium Epidemic myalgia Cumen
12 Texas-I 2 Texas Hies in polio community Melnick
13 Hores Mexico None Sickles
14 G-14 South Africa None Gear
15 G-9 South Africa None Gear
16 G-IO South Africa None Gear
17 G-12 South Africa None Gear
18 G-13 South Africa None Gear
19 NIH-8663 Japan Guillain-Barre syndrome Huebner
20 IH-35 New York Infectious hepatitis Sickles
21 Kuykendall; Coe California Poliomyelitis,d mild respira- Lennene

tory disease'
22 Chulman New York Vomiting and diarrhea Sickles
24 Joseph South Africa None Gear

"From Melnick el al. (25)) Used wilh pennission.
·Cross-reactivity has been observed belween A3 and A8. All and Al5, and AI3 and A18.
cAli isolates were from stools, except for prototypes of A4 and AI2 which were isolated from sewage and flies, as indicated. Numerous strains of each of these
types were isolated from slools also.
dWhen coxsackieviruses have been isolaled from patients with paralytic poliomyelitis. the palient has often been found to have a dual infection, the
polioviruses presumably being responsible for the paralytic illness.
'The Coe virus was isolated from throal washings.

8.l.2c. Paralytic Poliomyelitis. In the absence of vi
rological diagnosis, poliovirus must be suspected if disease
occurs in persons associated with paralytic patients, since
paralysis is rare in other enterovirus infections. In poliomy
elitis, the major illness, when it occurs, may follow the minor
illness described above, particularly in young children, but it

usually occurs without the antecedent frrst phase. The pre
dominating sign is flaccid paralysis resulting from lower
motor neuron damage. However, incoordination secondary
to brainstem invasion and painful spasms of nonparalyzed
muscles may also occur. The amount ofdamage and destruc
tion varies from case to case. Muscle involvement is usually

Table 13. Group B Coxsackievirusesa

Type Prototype strain Geographic origin Illness in person yielding prototype virusb Investigator

I Conn-5 Connecticut Meningitis Melnick
2 Ohio-I Ohio Summer grippe Melnick
3 Nancy Connecticut Minor febrile illness Melnick
4 JVB New York Chest and abdominal pain Sickles
5 Faulkner Kentucky Mild paralytic disease with residual atrophy Steigman
6 Schmidt Philippine Islands None Hammon

"From Melnick el al. (25)) Used with pennission.
• All isolales were from slools.
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Table 14. Echovirusesa,b

Illness in person yielding
Type Prototype strain Geographic origin prototype virusc Investigator(s)

I Farouk Egypt None Melnick
2 Comelis COMecticut Meningitis Melnick
3 Morrisey Connecticut Meningitis Melnick
4 Pesascek COMecticut Meningitis Melnick
5 Noyce Maine Meningitis Melnick
6 D'Amori Rhode Island Meningitis Melnick
6' Cox Ohio None Ramos-Alvarez, Sabin
6" Burgess Connecticut Meningitis Melnick
7 Wallace Ohio None Ramos-Alvarez, Sabin
8 Bryson Ohio None Ramos-Alvarez, Sabin
9 Hill Ohio None Ramos-Alvarez, Sabin
II Gregory Ohio None Ramos-Alvarez, Sabin
12 Travis Philippine Islands None Hammon, Ludwig
13 Del Carmen Philippine Islands None Hammon, Ludwig
14 Tow Rhode Island Meningitis Melnick
15 CH %-51 West Virginia None Ormsbee, Melnick
16 Harrington Massachusetts Meningitis Kibrick, Enders
17 CHHE-29 Mexico City None Ramos-Alvarez, Sabin
18 Metcalf Ohio Diarrhea Ramos-Alvarez, Sabin
19 Burke Ohio Diarrhea Ramos-Alvarez, Sabin
20 IV-I Washington, D.C. Fever Rosen
21 Farina Massachusetts Meningitis Enders, Kibrick
22 Harris Ohio Diarrhea Sabin
23 Williamson Ohio Diarrhea Sabin
24 DeCamp Ohio Diarrhea Sabin
25 IV-4 Washington, D.C. Diarrhea Rosen
26 Coronel Philippine Islands None Hammon
27 Bacon Philippine Islands None Hammon
29 IV-IO Washington, D.C. None Rosen
30 Bastianni New York Meningitis Plager, Duncan, Lennette
31 Caldwell Kansas Meningitis Wenner, Lennelle, von Magnus
32 PR-IO Puerto Rico Meningitis Branche
33 Toluca-3 Mexico None Rosen, Kern
34 DN-19d Texas Infantile diarrhea Melnick

"From Melnick et aJ. <2>>) Used wilh permission.
"Types 1 and 8 share anligens, type I having the broader speclrUm.
CAli isolates were from slools.
dDN-19 anliserum partially neutralizes coxsackievirus A24, but A24 antiserum does nol neutralize DN·19 virus, although il reacts with the virus in CF and gel
diffusion leslS. Thus, DN·19 should be considered a prime strain of coxsackievirus A24, rather lhan as a dislinct echovirus.

maximal within a few days after the paralytic phase begins.
The maximal recovery usually occurs within 6months, but it
may take longer.

At times, nonpolio enteroviruses have been associated
with cases of poliolike paralytic disease, but this has been
uncornrnon. (99. 112) Coxsackievirus A7 has been associated
with outbreaks of paralytic disease,(111,385) and enterovirus
71 has been involved in several outbreaks of CNS disease,
including poliolike paralysis, with some fatal cases.(224)

8.1,2d. Progressive Postpoliomyelitis Muscle Atro
phy, Finally, a recrudescence of paralysis and muscle wast-

ing has been repeatedly observed in individuals decades after
their experience with paralytic poliomyelitis, This phe
nomenon had been first observed a century ago, but only in
recent years have there been sequential studies to follow the
progression of neurological deficit. Many of the recently
reported cases have been in the United States, where there are
approximately 300,000 persons with a history of poliomyeli
tis. Progressive postpoliomyelitis muscle atrophy (PPMA) is
rare, and more frequent causes of neurological deterioration
in these patients arise from the use ofcrutches or wheelchairs
or from spinal deformity. (75) Also. it should be kept in mind
that patients with a history of poliomyelitis are no less sus-
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Table 15. Neurological Disease Associations
of Coxsackieviruses, Echoviruses, and

"New" Enteroviruseso

"From Grist tt al. (113, Used with pennission.
"Boldfaced figures indicate virus isolation from cerebrospinal nuid or other
parenteral sowee.

cAsterisk indicates outbreaks reported with this type.

Among the newer enteroviruses, type 70-the agent of
acute hemorrhagic conjunctivitis (AHC}-in rare instances
has been involved in neurological complications including
poliomyelitislike illnesses.(176.177)

An important feature of infections with enterovirus 71
has also been meningitis as well as some cases ofmore severe
CNS disease. As illustrated in Table 2 (Section 5.2.2), this
virus has exhibited a variety of clinical manifestations in
different regions of the world and at different times.(224) In
the California outbreak from which the prototype strain was
reported, meningitis predominated, but there were other
CNS manifestations including a fatal encephalitis case,<JS2)
and various large outbreaks have been documented that in
clude significant numbers of severe CNS manifestations,
some of the cases being fatal (see Table 2). In view of the
variety of the illnesses caused by enterovirus 71 and the
difficulty of isolating some of the strains of this virus, it is
probable that only a small fraction of the cases that actually
occur are ever diagnosed and reported.(224)
The associations of nonpolio enteroviruses with neu

rological disease have been tabulated by Grist et ai. (113) and
are shown in Table 15. Reviews by Cherry(42) and by Moore
and Morens(272) also provide further details of recent
observations.

ceptible to unrelated neuromuscular disorders than the rest of
the population.
Nonetheless, PPMA is a specific identifiable syndrome,

and there are important questions still to be answered regard
ing the pathogenesis ofthese late sequelae. Rather than being
a consequence of persistent infection, this later progression
of paralysis is thought to result from physiological and aging
changes, probably exacerbated by the abnormal burdening of
some neuromuscular functions during recovery from the
acute disease.(IS6) The normal decline in anterior horn cells
and in muscle strength that occurs with aging is much more
pronounced in persons who lost many anterior horn cells and
perhaps 50% of their muscle strength when stricken in their
acute bout with polio. However, loss of anterior horn cells as
a result ofaging seldom occurs before age 60, and most of the
PPMA cases reported have occurred before this age. Also,
there are findings suggesting that rather than loss of anterior
horn cells, the syndrome may result from peripheral disin
tegration of individual nerve terminals in motor units that
were reinnervated during recovery following the acute dis
ease. This could occur if the cell bodies lost ability to main
tain the metabolic demands of their pathologically increased
number of terminal sprouts, an ability that may decline with
age.OS)

8.1.3. Meningitis and Mild Paresis. Fever, malaise,
headache, nausea, and abdominal pain are common early
symptoms. One to two days later there may be signs of men
ingeal irritation with stiffness of the neck or back; vomiting
may also appear. The disease sometimes progresses to mild
muscle weakness that is often confused clinically with paral
ytic poliomyelitis. Patients almost always recover com
pletely from nonpoliovirus paresis. However, with a number
of enteroviruses, there is a risk of serious neurological se
quelae among infants infected during their first year of
life.(3S7)

As indicated above, poliovirus infection often is man
ifested as meningitis or as transient mild paresis. In addition
to the polioviruses, almost all coxsackieviruses ofboth Aand
8 groups, as well as most echoviruses, have been associated
to some degree with meningitis and (in very rare instances)
with paralytic CNS disease. However, the chieftypes associ
ated with CNS disease among coxsackieviruses are 8 I -86,
A7, and A9. A recent report has described a fatal case of
meningoencephalitis in which coxsackievirus 85 was clearly
implicated not only by serology but also by in situ nucleic
acid hybridization. (118)

Echoviruses4,6,9,II,14,16,25,30,31,and33have
been repeatedly associated with meningitis; types 3,18, and
29 have also been responsible for some outbreaks of this
syndrome. Other types have been associated with meningitis
only in sporadic cases. With echoviruses 6 and 9, muscle
weakness and mild transient paralysis have been observed;
echovirus 9 has been recovered in high titer from the medulla
of a fatal case.

Syndrome or
clinical feature

Meningitis

Paralytic disease

Encephalitis

Ataxia

Virus typeSb.c

Coxsackieviruses AI, 2, 3, 4, 5, 6, 7", 8,
9", 10, II, 14, 16, 17, 18,22,24
Coxsackieviruses BI", 2", 3", 4", 5", 6
Echoviruses I, 2", 3", 4", 5, 6, 7", 9",
II", 12, 13, 14", IS, 16", 17", IS",
19", 20, 21, 22, 23, 25", 27, 30", 31,
33"
Enterovirus 71"
Coxsackieviruses A4, 6, 7, 9, II, 14,21
Coxsackieviruses BI, 2, 3, 4, 5, 6
Echoviruses 1,2,3,4,6,7,9, II, 14,16,
18, 19,30

Enterovirus 70, 71
Coxsackieviruses A2, 5, 6, 7, 9
Coxsackieviruses BI, 2, 3, 5, 6
Echoviruses 2,3,4,6,7,9, II, 14, 17,
18, 19,25
Enterovirus 71
Coxsackieviruses A4, 7, 9
Echovirus 9
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8.1.4. Pleurodynia (Epidemic Myalgia, Bornholm
Disease). Pleurodynia is generally caused by group 8 cox
sackieviruses, rarely by echoviruses (notably types 6 and 9).
Fever and chest pain are almost invariably present together;
they are usually abrupt in onset, but are sometimes preceded
by malaise, headache, and anorexia. The chest pain may be
located on either side or substernally , is intensified by move
ment, and may last from 2days to 2weeks. Abdominal pain
resulting from involvement of the diaphragm occurs in ap
proximately half the cases; in children, this often takes the
place of chest pain and may be the chief complaint. The
illness is self-limited, and recovery is complete, although
relapses are common.
Coxsackieviruses A have been associated with 80rn

holm disease less often; the serotypes involved have been
A4, A6, and AIO. A9 has been associated with this syndrome
and also with chronic diseases of muscles and jointS.(1I3)
Several reports of pseudocrystalline arrays of picor
naviruslike particles in the myocytes ofpatients with chronic
muscle diseases suggest that enteroviruses might have a role
in these diseases.(1I5)
8.1.5. Herpangina. Herpangina is caused chiefly by

coxsackievirus group A types I, 2, 3, 4, 5, 6, 8, 10, and
22.(113) The illness is characterized by an abrupt onset of
fever and sore throat. There may be anorexia, dysphagia,
vomiting, and abdominal pain. The pharynx is usually hyper
emic, and a few (not more than 10-12) characteristic tiny
discrete vesicles with a red areola occur on the anterior pillars
of the fauces, the posterior pharynx, the palate, uvula, ton
sils, or tongue. The illness is self-limited and occurs most
frequently in small children.
8.1.6. Hand, Foot, and Mouth Disease. Hand, foot,

and mouth disease has been associated particularly with cox
sackievirus Al6-which continues to predominate as the
cause of numerous outbreaks-but A4, A5, A9, and AIO
have also been implicated, as well as coxsackievirus 82 and
85. The almost universal sign is enanthem, most commonly
on the buccal mucosa. The exanthem soon follows, most
frequently on the hands or feet. The intraoral lesions are
ulcerative; the lesions on hands and feet are usually
vesicular.

As illustrated in Table 2 and discussed in Section 8.1.3,
enterovirus 71 has also caused a number of outbreaks of this
syndrome since this virus made its appearance in the
1970s.(224) Virus may be recovered not only from the stool
and pharyngeal secretions but also from vesicular fluid. A
combined syndrome has also been reported in which vesicu
lar lesions and pneumonia are both present.
8.1.7. Respiratory IUnesses. Numerous enterovirus

serotypes have been associated with mild upper respiratory
illness; among these are coxsackieviruses A2, A9, AIO,
A21, A24, and 82-85.(62.272) Coxsackieviruses have also
been implicated in mild lower respiratory infections, particu-

larly in young children. Coxsackievirus A21 has also caused
outbreaks of pharyngitis in military recruits and has induced
respiratory tract disease in normal adult volunteers. There
have been reports, although rare, of fatal pneumonia caused
by coxsackievirus A7, in which the virus has been isolated
from the lung postmortem.
Echoviruses have also been isolated in association with

respiratory illnesses; these include types 1,9, II, 19,20, and
22.(42.216.272) Except in epidemic conditions, a clear-cut
causative association ofthe virus with the illness often cannot
be established. The most certain association is with out
breaks in very young children, in whom serious or even fatal
lower respiratory tract disease may be involved.

In a 2-year study ofvirus isolations from throat swabs of
young children with respiratory illnesses who attended a
health care unit in a poor section of Rio de Janeiro, entero
viruses were second only to adenoviruses in frequency of
isolation. They constituted 25% of the agents found(367) and
were apparently most frequent in the younger infants. The
serotypes represented among these isolates were echovirus
types 6,7,9, II, 17, 18, and 21, coxsackieviruses A7 and
84, and poliovirus (vaccine strain); two unidentified entero
viruses also were among the isolates. Enterovirus 68 has
been associated with pneumonia and bronchiolitis in chil
dren,(348) and enterovirus 71 with an influenzalike
disease. (363)
Respiratory illness induced by enteroviruses cannot be

differentiated on clinical grounds from that caused by the
viruses more commonly considered to be respiratory tract
agents, such as rhinoviruses, parainfluenza viruses, respira
tory syncytial virus, or adenoviruses. However, infections
with the latter groups ofviruses occur most frequently during
the winter months, whereas respiratory illnesses caused by
enteroviruses follow the typical enterovirus seasonal pattern
of summer and early fall.
8.1.8. Eye Disease. Infections with some coxsackie

viruses and echoviruses have been accompanied by con
junctivitis. During an epidemic in Sweden, echovirus type 7
was isolated from conjunctivae(345); in sporadic cases, other
enteroviruses (coxsackievirus 82, echovirus II, poliovirus 1
and 3) have been recovered from eye specimens. In 1970,
however, a large epidemic ofacute conjunctivitis occurred in
Singapore, with 60,000 cases reported; the agent was identi
fied as a variant of coxsackievirus A24.(I97.266) Cox
sackievirus A24 outbreaks were also reported from Hong
Kong in 1971(423,424) and in 1975 from Singapore(l98) and
Hong Kong.(40)
This coxsackievirus A24 variant characteristically in

duces mild to severe conjunctivitis, but only in aminority of
cases does subconjunctival hemorrhage occur; recovery is
usually complete after 1-2 weeks. The virus was isolated
from conjunctival swabs or scrapings and also from throat
swabs.



In the same period as the first outbreaks of cox
sackievirus A24 conjunctivitis were taking place, during
1969-1971 , a pandemic of a different fonn of conjunctivitis
was occurring in Africa, Southeast Asia (including Sin
gapore), Japan, and India, involving tens of millions of peo
ple. The cause of this widespread disease, tenned acute hem
orrhagic conjunctivitis (AHC), was recognized as a new
enterovirus(178.425) and was designated enterovirus type
70.(253.265)
Through 1980, virtually no enterovirus 70 infection or

disease had been found in Australia and the Americas. How
ever, this changed in 1981, after AHC reappeared in some
Asian and African countries from which it had been absent
for a number of years. This time the disease spread exten
sively in the Caribbean, northern South America, and Cen
tral America, and three outbreaks were reported in the conti
nental United States as well as one each in Hawaii, American
Samoa, and Canada. Extensive study has been made of an
explosive outbreak that occurred in early autumn, 1981, in
the Miami metropolitan area.(303)
The disease is generally localized to the eye; symptoms

include severe eye pain, photophobia, and blurred vision.
There is characteristic subconjunctival hemorrhage ranging
from discrete petechiae to large blotches of frank hemorrhage
covering the bulbar conjunctiva. Corneal involvement, in the
fonn of epithelial keratitis, may occur but is transient. The
incubation period is about 24 hr, onset is sudden, and recov
ery is usually complete within less than 10 days.
Enterovirus 70 has been found almost exclusively in

conjunctival and throat specimens, but a few fecal isolations
have been reported.(265)
Rarely, neurological complications (acute lumbar radi

culomyelopathy, cranial nerve involvement) have been ob
served.(153.386) Motor paralysis resembling poliomyelitis is
the most striking feature, and in some patients (about one of
10,000) there is residual paralysis and muscle atrophy. The
neurological symptoms develop as much as several weeks
after the onset of AHC. (177) This neurological aspect has
been reported chiefly in adult males, in contrast to the age
pattern of poliomyelitis in most of the populations affected,
in which poliomyelitis remains a disease of early childhood.
Worldwide, about 100 cases have been reported-a small
number among tens ofmillions ofAHC cases. Undoubtedly,
cases involving the CNS have gone unreported because they
were unrecognized as being related to the AHC episode that
occurred some weeks earlier. In any case, the potential for
neurovirulence calls for careful attention to any outbreak of
enterovirus 70 infection.(176.177) The neurological phase typ
ically begins about 2 weeks after the conjunctivitis, with an
acute, hypotonic, areflexic, asymmetric proximal paralysis
of the lower limbs, accompanied by fever, malaise, and
nerve root pains.(n)
8.1.9. Cardiac Diseases. The etiologic role of the en-

Chapter 9 • Enteroviruses 231

teroviruses in acute myocarditis and pericarditis is well es
tablished, and there are new indications that some chronic
cardiovascular diseases may result from coxsackievirus B
infections (see also Section 8.1.10, Neonatal Disease).

8.1.9a. Acute Myocardiopathy and Pericardiopa
thy. Coxsackievirus B infections are increasingly recog
nized as a cause of primary myocardial disease in adults as
well as in children.(l87.194) In some series, up to 39% of
persons infected with coxsackievirus B5 developed cardiac
abnormalities. Coxsackieviruses ofgroup Aand echoviruses
have also been implicated, but to a lesser degree. In one study
of patients with a clinical diagnosis of pericarditis (148 pa
tients), myocarditis (92 patients), or pleurodynia (19 pa
tients), 27% had IgM antibody to one of the group B cox
sackieviruses-indicative of current or recent infection-as
compared with 8% of the control group. (353)

By means of an ELISA "antibody capture" technique
in which a solid phase was coated with antihuman IgM,
coxsackie-B-virus-specific IgM was demonstrated in 24 of
64 patients with acute pericarditis and 14 of 38 patients with
acute myocarditis.(77) On the other hand, another study(l23)
on patients with myocardial infarction revealed no signifi
cant differences between patients and controls in regard to
coxsackie B IgM antibodies.

In another study,(190) 910 cardiac patients and 776 non
cardiac patients were compared for evidence of coxsackie B
virus infections. Of 78 cardiac patients with coxsackie B
infection, 30 had pleurodynia, 18 myocarditis, and 20 per
icarditis. Of 69 noncardiac patients with coxsackie B infec
tion, 27 presented with pyrexia of unknown origin, 14 with
upper respiratory tract infection, and nine with meningitis.
Among the cardiac patients, the highest percentage with cox
sackie Bvirus infection was in the 20- to 39-year age group,
whereas among the noncardiac patients, it was in the un
der-19-year age group.
Evidence for a high degree of association of virus with

disease has been obtained, usually at autopsy, by demonstra
tion of virus localized in the myocardium, endocardium, and
pericardial fluid; the presence of virus at the sites of patho
logical changes has been demonstrated by immunofluores
cence, peroxidase-labeled antibody, or ferritin-labeled anti
body. It has been estimated that about 5% ofall symptomatic
coxsackievirus infections induce heart disease. The virus
may affect the endocardium, pericardium, myocardium, or
all three. Acute myocardiopathies have been shown to be
caused by coxsackieviruses A4, AI4, AI6, 81-85, andoth
ers, and also by echovirus types 9 and 22.
Monkeys infected with coxsackievirus 84 develop pan

carditis with a pathological picture strikingly similar to that
of rheumatic heart disease. Myocarditis and cell-mediated
immunity also have been induced in primates (Papio papio)
infected with coxsackievirus 83.(301) In experimental ani
mals, the severity of acute viral myocardiopathy is greatly
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increased by vigorous exercise, hydrocortisone, alcohol con
sumption, pregnancy, and undernutrition and is greater in
males than in females. In human illnesses also, these factors
may affect the severity of the disease.
Studies in mice to compare a myocarditic parent strain

of coxsackievirus B3 with variants of this strain suggest that
the extent of myocarditis induced is affected by some subtle
expression of the genome, probably not involving capsid
polypeptides. Pathogenicity is influenced also by the
haplotype and sex of specific mouse host species.(96)

8. / .9b. Chronic Cardiovascular Disease. After acute
coxsackievirus carditis, lasting heart damage has been re
ported with viral antigen, detectable by immunofluores
cence, persisting in diseased tissue. These antigens have
been reported in diseased cardiac(30) and other tissues, (29)
suggesting virus persistence in the cardiovascular system.

In serological studies, also, a persisting antigenic stim
ulus is suggested. Detailed follow-up of two immunocompe
tent patients with recurrent pericarditis indicated prolonged
IgM responses specific for coxsackievirus 8. One patient
showed an extremely high neutralizing antibody titer to cox
sackievirus 85 in 1969 and, starting in 1973, yielded positive
specific IgM results on three of four occasions over a period
of 6 years. The other patient yielded positive IgM responses
to coxsackievirus B4 in six of seven tests over a 2-year peri
od. These findings suggest that consideration should be
given to the role of coxsackieviruses and other picor
naviruses in inducing persistent infections in humans.(372)
Animal studies have also been revealing. Findings in

weanling mice experimentally infected with coxsackievirus
B3 suggest that continuing inflammation observed following
infection with this virus is an immunopathological pro
cess(397) resulting from the cytotoxicity of immune spleen
cells (T lymphocytes) against virus-infected cardiac
cells.(399) A continuing cardiac myonecrosis is the ultimate
product of the sensitized lymphocytes.(l93.399)
Studies of experimental infection with coxsackievirus

B3 have been conducted in outbred mice with defective T
independent B lymphocytes. Some of these mice are "nude
mice," which lack a thymus, and others possess a thymus.
Athymic mice did not efficiently eliminate infectious virus
from their hearts, and the persistent infection was associated
with myocardial histopathology and increased mortality
rates. Mice with a thymus were able to clear the virus (which
in these B-defective animals would be aT-ceil-mediated
function), and yet many of these animals had continuing
myocardial pathology. Thus, there seem to be at least two
mechanisms whereby coxsackievirus B3 can cause myocar
dial histopathology-one dependent on full thymic function,
and one dependent on viral persistence. (3S4)

8.1.10. Neonatal Disease. Anumber of reviews have
dealt with neonatal infections by enteroviruses and also with
fetal developmental defects in association with maternal en-

terovirus infections.(20,42.100.1S2.168.272) Neonatal infection
with group Bcoxsackieviruses may be acquired transplacen
tally but more commonly as a contact infection in the new
born nursery. The range of response is from inapparent infec
tion to severe and even fatal disease. (161.184.280) In the
symptomatic infant, onset may be marked by lethargy, feed
ing difficulty, and vomiting with or without fever. In severe
cases, myocarditis or pericarditis or both may develop within
the first 8 days of life. Cardiac and respiratory embarrass
ment are indicated by tachycardia, dyspnea, cyanosis, and
changes in the electrocardiogram. The clinical course may be
rapidly fatal, or the patient may progress to complete recov
ery. Myocarditis has also been caused by some group A
coxsackieviruses and echoviruses.
Coxsackievirus A serotypes have rarely been reported

with neonatal illnesses, but echoviruses have been reported
frequently in both nursery outbreaks and sporadic infections.
Among the echovirus types incriminated are echoviruses 4,
7,9, II, 17, 18, 19,20,22, and 31. Outbreaks in special
care baby units have included fatal infections with echovirus
7 and, especially, with type I1.(64.27S.321,419) Echovirus II
has also been suspected of association with fetal death.(362)
Arecent review of the literature, examining 61 reported

cases of neonatal echovirus infections (including 43 caused
by echovirus I I) as well as 16 outbreaks in nurseries, has
underscored the seriousness of echovirus infections in new
borns.(268) Analysis of these cases indicated that if the moth
er was acutely ill in the 2 weeks before delivery (and particu
larly in the last week), the illness in the infant was far more
likely to be serious or even fatal, in contrast to the milder
illnesses if the infant acquired the infection in the hospital
after delivery. Among the vertically infected, severely ill
infants, some were judged to have acquired their infection in
utero, but a larger percentage (63%) gave evidence ofhaving
been infected in the immediate perinatal period. Similarly, in
the instances in which data were available on this aspect of
the nursery outbreaks, the index cases acquired vertically
from the mother were more serious than those resulting from
secondary spread of the virus in the nursery. The most fre
quent clinical manifestations in the severe cases reviewed
were hepatitis and CNS disease. The frequency of echovirus
II involvement in these cases may have been influenced in
part by the wide circulation of a ••prime" strain of echovirus
II in many parts of the world in the late 1970s.
Results from longitudinal studies in one large New York

county( 161.184) suggest that the incidence of neonatal disease
caused by either echoviruses or coxsackieviruses may be
greater than the incidence of perinatally acquired infection
caused by herpes simplex virus, an agent believed to affect
approximately one infant per 7500 live births or 13 per
100,000.
Enterovirus infection during the summer and fall in the

United States is common in neonates. In one prospective



study,(1S2) 75 (13%) of 586 infants, none of whom were
found to be excreting nonpolio enteroviruses within I day of
delivery, acquired infection by a nonpolio enterovirus during
the fITst month of life. Although 79% (59/75) of all entero
virus-positive infants were asymptomatic, 21%(16/75) were
ill enough to be readmitted to the hospital with suspected
sepsis during their first month. Risk of virus infection among
the neonates in this study was associated statistically with
lower socioeconomic status and with lack of breast feeding.
Regardless of socioeconomic status, neonates who were not
breast fed were more likely to be infected with an enterovirus
but were not more likely to be hospitalized. Among infants
who have enterovirus infections in the first month of life, as
evidenced by virus isolation, even those who were asymp
tomatic at the time of infection may have occult damage to
the CNS. In further reports of the prospective study men
tioned above, neonatally infected infants were compared
with closely matched controls in tests conducted at about 18
months of age. All of the infected infants manifested mild
delays in development and in language.

In a study of 602 specimens positive for group 8 cox
sackieviruses during the period 1970-1979,(161) 77 were
from infants younger than 3 months of age with nonfatal
infections on whom case histories were available. Aseptic
meningitis was the most common syndrome (48 of the 77
infants). Eight newborns whose culture specimens were
studied during 1970-1981 at the same medical center died of
overwhelming group 8 coxsackievirus disease. These and 33
other fatal cases reported in the literature were reviewed. (161)
Three patterns of death were observed: (I) rapid death (12
patients aged 2-17 days); (2) a diphasic illness leading to
death at age 8-24 days (II patients); (3) a progressive illness
(18 infants). Myocarditis was present in all the infants who
died, and pulmonary hemorrhage and liver necrosis were
common (30 and 18 patients, respectively). Among the
mothers of these 41 documented fatal cases, 24 had symp
tomatic illnesses, mostly mild, in the period from 10 days
before to 5 days after their infants' birth. The investigators
consider that most fatal cases probably are transmitted trans
placentally at term, although infection in the birth canal is
also a possibility.

In another recent study, neutralizing antibody to at least
one coxsackievirus 8 serotype was present in ventricular
tluids from four of28 newborn infants with severe congenital
anatomic defects in the central nervous system. Two of the
four did not have detectable levels of the same antibodies in
their serum. The mothers of all four infants had serum neu
tralizing antibody of the same serotype as was found in their
infants' ventriculartluid. Of II mother-infant pairs who had
neutralizing antibody to coxsackievirus 8 types in both sera,
almost half had antibody against more than one serotype.
These data suggest a possible association between congenital
coxsackievirus 8 infections and rare severe CNS defects. (97)
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In newborn and 7-day-old mice, forebrain anomalies (poren
cephaly or hydranencephaly) resembling those found in
human infants can be induced by variants of coxsackievirus
83.(98)
As concerns a possible role ofenteroviruses in develop

mental defects of the fetus, a large prospective study(27) ex
amined enteroviral seroconversions in women during preg
nancy in relation to anomalies in their infants. In comparison
to matched controls, a higher rate of infection, largely inap
parent, was found in women whose offspring were abnor
mal. There was evidence of an association between maternal
infections with coxsackieviruses 82 and 84 and urogenital
abnormalities and between coxsackievirus A9 and defects of
the digestive system. Cardiovascular anomalies were associ
ated with maternal infections by coxsackievirus 83 and 84;
multiple infections with coxsackieviruses during pregnancy
increased the likelihood of congenital heart disease in the
infant. However, others have found no significant associa
tions of coxsackievirus group 8 infections with developmen
tal anomalies.(330)
8.1.11. Gastrointestinal Diseases. A number of dis

eases of the digestive system and related organs have been
associated with enterovirus infection.
8. J. JJ a. Diarrhea. Gastrointestinal upset is com

monly reported among associated symptoms in infections by
a number of enteroviruses in which other clinical features
predominate. In many outbreaks, the enterovirus reported
may be merely a passenger virus unrelated to the illness
itself. Some enteroviruses (notably echoviruses I, 2,4,6, 7,
II, 14, 18, 19,20, and 22) have been documented(42,168,272)
in relation to outbreaks of diarrhea, but diarrhea was not
invariably present in those infected. Echovirus type 20 has
been associated with a febrile disease involving both the
respiratory and enteric tracts. In an outbreak of gastroen
teritis in bone-marrow transplant recipients, however, cox
sackievirus AI was isolated from all seven patients with
diarrhea, constituting 50% of the patients in the unit during a
3-week period. (37S) A further prospective study of 78 pa
tients in the same unit yielded virus isolations from stools of
22 patients, some of whom were doubly infected. Virus iso
lates included coxsackieviruses as well as adenoviruses and
rotaviruses. (429)

8.J.JJb. Hepatitis. Hepatitis A virus, now classified
as enterovirus type 72, is one of the most important causes of
this disease, Hepatitis is also known to be a part of many
severe generalized infections of neonates caused by cox
sackieviruses or other enteroviruses.

8.1. JJc. Pancreatitis. Pancreatitis may be a part of
generalized infections of infants with coxsackievirus 8
agents. In one study, pancreatic damage was suggested by
raised amylase levels in 31%ofcoxsackievirus 85 infections
and 25% of coxsackievirus A9 infections, but not in infec
tions with echovirus types 4 or 6.(278) In experimental infec-
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tions of mice with coxsackieviruses of the B group, pan
creatitis is a long-recognized effect.
8. /.11d. Diabetes. Attention has been periodically di

rected to the possible role of enteroviruses (particularly
group B coxsackieviruses) in insulin-dependent type I di
abetes mellitus on the basis of reports concerning diabetic
children and also of studies in experimentally infected ani
mals.(I3·48.55.95.126.287) Although the evidence in man is not
convincing as yet,(294) coxsackievirus B4 has been isolated
from a fatal case of diabetes in a IO-year-old boy, and the
disease has been experimentally reproduced in mice with the
virus isolated.(431)

In a study of coxsackievirus B antibodies in sera from
166 patients aged 1-17 years with recent-onset insulin
dependent type I diabetes mellitus (100M), all 166 had a
clinical history of recent infectious illness. About 80% had
antibodies against at least one coxsackievirus Bserotype, but
only about 10% of the patients had specific neutralizing IgM
antibodies indicating that their infection with a B cox
sackievirus had been recent.(76) This study suggests that al
though coxsackievirus B infection may be one cause for type
I diabetes, it would explain, at the very most, 10% of the
cases.
However, somewhat different conclusions have been

drawn by other investigators using a recently developed M
antibody-eapture ELISA technique.(lI,77,170) Initially, with
a small group of patients,(170) they found that 11 of 28 chil
dren with type I diabetes had evidence of recent infection
with coxsackie B viruses, particularly B4, compared with
only 16 of 295 matched controls. In a larger study(ll) with
122 patients under age 15 from England, Austria, and Aus
tralia, it was found that 37 (30%) of the patients were positive
for specific IgM responses to coxsackieviruses BI-5, com
pared with only 6% of controls. Virus-specific IgM re
sponses were directed against a single serotype, usually
coxsackievirus B4 or B5, in 23 of the 37 patients less than 15
years old; among 13 children aged less than 7 years, 10 had
monotypic responses. In contrast, there was no evidence of
recent infection by mumps, rubella, or cytomegalovirus,
since mumps-virus-specific IgM was present in only one of
100 children with IDDM and five of 139 controls; no rubella
or CMV-specific IgM responses were detected in 60 sera
from patients with type 1 diabetes.
8.1.12. Summer Minor illnesses with or without

Exanthems. Enteroviruses are often isolated from patients
with acute febrile illnesses of short duration and without
distinctive features, occurring during the summer or fall.
With some coxsackievirus serotypes, the illness in young
children may be accompanied by a rubelliform rash on the
face, neck, and chest; it is maculopapular, is not pruritic, and
does not desquamate.
Rash is also a common manifestation of infection with

echovirus type 9 (less frequently with type 4 and others); the
incidence is high in young children and decreases with age.

Conjunctivitis may also be present. Echovirus type 16 has
been responsible for outbreaks ofthe maculopapular rash that
characterizes "Boston exanthem disease."

8.2. Diagnosis

In view of the wide range of host response to any single
enterovirus serotype, from the most common form-silent
infection-to the severe diseases that may occur, diagnosis
must rest on virus isolation and identification and on type
specific antibody response. (42,229.155.272) The significance
of enterovirus isolations in association with illness must be
critically evaluated, for enteroviruses circulate abundantly,
particularly among young children, and coincidental associa
tions are inevitable in some instances. For example, in a
series of surveys conducted in Glasgow, enteroviruses were
isolated from feces of one fifth up to one half of well day
nursery children less than 5 years of age, even though most
specimens were obtained in nonepidemic periodS.(l14)
Differential diagnosis can present even greater difficul

ties when a community is invaded simultaneously by several
enteroviruses and by other viruses with similar symp
tomatology, especially when some individuals are infected
by both viruses, e.g., St. Louis encephalitis (SLE) virus and
an enterovirus. For example, the distinction between an
aseptic meningitis or encephalitis caused by SLE virus and
that by an enterovirus often cannot be made on clinical
grounds; finn diagnosis ofsingly infected patients, as well as
of those with dual enterovirus-SLE infections, can be made
only by utilizing the virus laboratory. (313)
To establish etiologic association ofan enterovirus with

disease, the following criteria can be used: (\) There is a
much higher rate of recovery of virus from patients with the
disease than from healthy individuals of the same age and
socioeconomic level living in the same area at the same time.
(2) Antibodies against the virus develop during the course of
the disease. If the clinical syndrome can be caused by other
known agents, then virological or serological evidence must
be negative for concurrent infection with such agents. (3)
The virus is isolated in significant concentrations from body
fluids or tissues manifesting lesions, e.g., from the cere
brospinal fluid in cases of aseptic meningitis.

9. Control and Prevention of Poliomyelitis

Both live and killed poliovirus vaccines have been used
widely. Formalin-killed vaccine (Salk),(342) prepared from
virus grown in monkey-kidney cultures, is now little used in
the United States and is extensively used only in a few Euro
pean countries (Finland, Sweden, Holland) and in some parts
ofCanada. Trials are being conducted with killed vaccine in
some tropical countries, either alone or in combination with
live vaccine. (365)



Chapter 9 • Enteroviruses 235

Table 16. Recommended Poliomyelitis Immunization
Schedule for Normal Infants and Children in the United

States, 1986a

•After recommendations of the Advisory Committee on Immunization
Practices.c.,
bIn tropical areas of high endemicity, it is recommended dlat an initial dose
of monovalent type I vaccine be given soon after birth.
eAfter recommendations of the Advisory Committee on Immunization Prac
tices.O ) Newer, more potent killed vaccines may require fewer immuniza
tion doses. (~.)
"'The ACIP 1986 recommendation'" includes dlis dose of OPV as optional.

1964, and the numbers of cases continued to decline despite
continued known importations of wild virulent poliovi
ruses. (336)

In 1965, trivalent live vaccine began to be generally
used for routine vaccination of children in the United States,
and little use was made of the killed vaccine. In fact, its
manufacture ceased in the country. With the ongoing re
liance on live vaccine, the incidence of paralytic polio has
continued to fall. The average annual number of paralytic
polio cases during 1966-1970 was 49, and in 1971-1975 it
was 15. There were eight cases in 1976,I8in 1977,andnine
in 1978. In 1979 the number increased to 22 (ten of these
cases were involved in the outbreak in an unvaccinated group
associated with the Netherlands epidemic of 1978), Thus far
in the 1980s, the average annual number ofcases is less than
ten per year; in 1984, only eight cases were reported (one
imported; another with onset in 1982).(38) For 1986, there
were only five cases of paralytic poliomyelitis in the United
States; one of these was an imported case.
The vast majority of immunizations against poliomyeli

tis in the United States are in infants and young children as a
part of the routine childhood immunization schedules.
Schedules as recommended in 1986 by the Advisory Com
mittee on Immunization Practices (ACIP)(4) for routine ad
ministration ofpoliovaccine to normal infants and children in
the United States are shown in Table 16.(4) Primary immu
nization with OPY for infantS should begin at 2 months si
multaneously with the first diphtheria-pertussis-tetanus
(OPT) inoculation. The second dose follows at 4 months of
age, along with the second OPT dose. Athird dose ofOPY at

The inactivated poliovaccine (IPY) continues to be
available in the United States for use under special circum
stances (see Sections 9.1.1 and 9.2.2). With vaccines of the
potency of those prepared in the 19505, when intensive stud
ies were made, four inoculations were required for primary
immunization, the first three at 4- to 6-week intervals and the
fourth 6-12 months later. Booster doses were necessary to
maintain immunity. More potent vaccines have been intro
duced in recent years. (382)
The IPY induces circulating (humoral) antibodies and

thus protects the CNS against subsequent invasion by wild
virus. Local secretory IgA antibody or cell-mediated immu
nity is not induced by the killed-virus vaccine; hence, wild
poliovirus can still multiply in the gut and be a source of
infection to others.
After the widespread administration of killed vaccine

from 1956 to 1961, paralytic poliomyelitis was greatly re
duced, and many thousands ofcases ofparalytic disease were
prevented by its use in various parts of the world. The inci
dence dropped dramatically in the United States, from
21,000 cases annually seen in prevaccine years (until 1956).
However, a few localized epidemics continued to occur, the
cases being concentrated in slum areas among unvaccinated
preschool children. Some cases continued to occur even in
the vaccinated; in a study of several thousand paralytic cases,
17% were in triply vaccinated children. In 1959, there were
more than 5700 paralytic cases, and in 1960, despite exten
sive use of the killed vaccine for almost 5 years, there were
still 2545 paralytic cases reported in the United States.
During 1952-1954, some of the first papers were pub

lished on attenuation of wild poliovirus for vaccine pur
poses,(80.210,331) and live virus vaccine candidates were then
developed by a number of workers. These efforts came to
fruition in 1955- I959, and large-scale field trials were held
in many countries under a variety ofconditions.(300) Routine
use of live oral poliomyelitis vaccines was begun in many
countries during the spring of 1960, and vaccines made from
the Sabin strains(334) were licensed in the United States in
1961-1962. In the early years of live vaccine immunization,
monovalent vaccines incorporating each serotype separately
were the most commonly used, but these were soon replaced
by trivalent vaccine. As the coverage of the population in
creased, cases in the United States were dramatically reduced
further. From 1961, when almost 1000 cases were reported,
the number fell to only 61 by 1965.
The credit for this dramatic reduction in poliomyelitis

cases has been claimed for each of the types ofpolio vaccines
separately, but it may have resulted from the combined ef
fects of both vaccines. (355) In the years soon after it was
licensed, the killed vaccine was very widely used. Then, in
mass immunization efforts during 1962-1964, some 100
million Americans of all ages received the live poliovac
cine-about 56% of the total population.(IS4) The historical
pattern ofan annual summer increase in cases disappeared in

Dose

Primary series:

Supplementary

Live poliovirus
vaccine':
age

2 months
4 months

6 monthsd

15 months

4--6 years of age

Killed poliovirus
vaccinee:
agelinterval'

6-12 weeks of age
After interval of 4--8
weeks
After interval of 4--8
weeks
After interval of 6
12 months
4-6 years of age
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6 months, simultaneously with the third OPT dose, is listed
as optional by the ACIP for use in situations of higher risk.
Previous recommendations had scheduled the combined
measles-mumps-rubella (MMR) vaccine for 15 months of
age, and the OPT and OPV for a separate visit at 18
months. (I) Anew feature of the ACIP 1986 recommendation
is that OPV and OPT vaccine, together with the MMR vac
cine, may be given at age 15 months in a single visit. This
simplification is based on a field trial demonstrating that
simultaneous administration of these vaccines at age 15
months is safe and effective. An OPV booster is recom
mended for all children entering elementary school. No fur
ther boosters are recommended at present.
The primary immunization for children and adolescents

consists of two doses ofOPV 2months apart, followed by a
third dose 6 months to a year later. (2)

In the right-hand column ofTable 16 are shown earlier
recommendations of the ACIP<I) for scheduling vaccine
doses in situations in which IPV is the vaccine of choice
(e.g., immune deficiency in the vaccinee or in the vaccinee's
household). It should be noted that newer and more potent
killed-vaccine preparations may require fewer immunization
doses than indicated in the table.
For tropical countries, particularly those that experience

heavy and frequent importations of wild polioviruses, the
primary immunization schedules not only should begin early
but also, most importantly, should be completed early in
infancy.

As regards the household contacts of the OPV recip
ients, the ACIP has stated:

When children in the household are given OPV.
adults who are not adequately immunized against po
liomyelitis are at a very small risk of contracting
OPV-associated paralytic poliomyelitis. Because of
the overriding importance of ensuring prompt and
complete immunization of the child and the extreme
rarity of OPV-associated disease in contacts of vac
cinees. the ACIP recommends the administration of
OPV to a child regardless of the poliovirus-vaccine
status of adult household contacts. This is the usual
practice in the United States. The responsible adult
should be informed of the small risk involved and of
precautions to be taken, such as hand washing after
changing adiaper. An acceptable alternative. ifthere
is strong assurance that ultimate, full immunization
of the child will not be jeopardized or unduly de
layed, is to immunize adults with IPV or OPV, as
appropriate to their immunity status, before giving
OPV to the child.(3)

Routine immunization for adults residing in the conti
nental United States is not felt to be necessary because of the
small risk of exposure.m However, adults who are at in
creased risk because of contact with a patient or who are
planning travel to an epidemic or endemic area should be

immunized. Pregnancy is neither an indication nor a con
traindication to required immunization.
For previously unimmunized or incompletely immu

nized adult travelers to high-risk areas, IPV is indicated, but
if less than 4 weeks is available before protection is needed, a
single dose of OPV is recommended.(3) Travelers to high
risk areas who received less than a full primary course should
complete the remaining doses of either vaccine, and those
who completed a full course of OPV should receive a single
booster dose of OPV. Those whose primary course was IPV
should receive a dose of either vaccine. If IPV is used ex
c1usively, an additional booster every 5years may be given if
high-risk exposure continues. Similar protection is indicated
for health-care and laboratory personnel who might be ex
posed to wild polioviruses.(3) The ACIP recommends IPV
for providers of health care who are at risk of exposure and
who have not been fully immunized previously. This recom
mendation is based not only on the slight risk to adults after
OPV administration but also on the possibility that these
individuals. in shedding OPV progeny, might expose immu
nocompromised patients to live virus. (3)
Special precautions (see below and Section 9.2.2) must

be observed in considering administration of live vaccine to
any person receiving immunosuppressive therapy or to any
one known or suspected to have a defective immune system
or to the household contacts of such an individual. Indeed,
AClp<3) has recommended that in a household with any fami
ly history of immunodeficiency, no live vaccine should be
given to any family member until the immune status of all
family members is documented. If protection against polio
myelitis is indicated for such persons, IPV must be used: it
can provide protection to the contacts, and it may give some
protection for the immune-deficient individual.
Recommendations also are being developed regarding

immunizations for children infected with HIV, the virus of
AIOS.(5) The recommendations for poliovaccines are sum
marized below:

I. Those with symptomatic HIV infections can be given rou
tine immunizations with IPV and other inactivated vaccines
but should not receive any live-virus or live-bacterial
vaccines.

2. For those with previously diagnosed asymptomatic HIV
infection, available data suggest that OPV can be given
without adverse consequences. However, since their fami
ly members may be immunocompromised because of infec
tion with HIV, and since OPV vaccinees excrete virus, it
may be prudent to use IPV.

3. Uninfected children whose household members are known
to be immunosuppressed because of HIV infections should
receive IPV for routine immunization, for the reason de
scribed above.

Both live and killed poliomyelitis virus vaccines have
been used extensively over many years and have been both
safe and effective. Nevertheless, a healthy respect should be



maintained for the poliovirus strains used as vaccine sources,
and great care must be exercised by those undertaking the
manufacture or the administration of either vaccine.
In considering initiation and maintenance of vaccine

programs, public-health officials must pay special attention
to the particular setting in which a vaccine is to be used. (146)
These matters are discussed in the context of the advantages
and disadvantages of killed and live vaccines, which are
summarized in Tables 17 and 18.(221)

No medical intervention is absolutely risk-free. Even
the most common drugs carry some degree of risk. Apublic
health or medical judgment must be made on the basis of
balancing the values and the problems of one procedure
against those of another procedure, and also against what
may be the greater risks of doing nothing at all.

9.1. Killed Polio Vaccine

9.1.1. Advantages. When properly prepared and ad
ministered, killed vaccine induces good levels of humoral
antibodies in a satisfactory proportion of those receiving suf
ficient dosage and thus protects the vaccinee against paralytic
poliomyelitis. It can also provide protection to whole popula
tions and is believed to have limited the circulation of po
Iioviruses in several nations that use it .<339) However, the
countries that have used it exclusively with a considerable
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degree of success are small nations with excellent public
health systems, where coverage by the killed vaccine has
been wide and frequent, reaching 90% or more of the target
population.
Killed vaccine, since it contains no living virus, cannot

mutate toward increasing virulence. Because living virus is
absent, it is safe to administer killed vaccine to persons with
immune deficiency diseases and to their families and to per
sons undergoing immunosuppressive therapy. Killed vac
cine can be combined with DPT vaccines and incorporated
into an immunization schedule for infants and young
children.
Preparations of IPV used until recently were, in some

instances, of low immunogenicity (see below). Newer and
more potent killed vaccines have been developed. (382) New
production methods, including the new method of growing
poliovirus on latex beads, greatly enhance the yield of
virus, permitting concentration and standardization of IPV of
high potency.(382) Methods for production in greater vol
umes have also made the vaccine potentially more econom
ical to prepare. A great deal of work has been
doneI130,340.343.344,382) indicating that only two doses of the
newer, more potent IPV may provide immunity in a large
proportion of vaccinees.

In a recent comparative trial oflPV and OPV conducted
in the United States,(206) more than 500 children were given

Table 17, Killed Polio Vaccine: Advantages and Problemsa

Advantages

Confers humoral immunity in satisfactory proportion of vac
cinees if sufficient doses of potent vaccine are given
Can be incorporated into regular pediatric immunization with
other injectable vaccines (DPT)
Absence of living virus excludes potential for mutation and
reversion to virulence

Absence of living virus permits its use in immunodeficient or
immunosuppressed individuals and their households

Appears to have greatly reduced the spread of polioviruses in
small countries where it has been properly used (wide and
frequent coverage)

May prove especially useful in certain tropical areas where
live vaccine has failed to "take" in young infants

Problems

Early studies indicated a disappointing record in percentage of
vaccinees developing antibody after three dosesb

Generally, with the vaccines that have been commercially
available, repeated boosters have been required to maintain
detectable antibody levelsb

Does not induce local (intestinal) immunity in the vaccinee;
hence, vaccinees do not serve as a block to transmission of
wild polioviruses by the fecal-oral route
More costly than live vaccine in single-dose cost, administra
tion expense, and total amount required, including boosters
Problems from scarcity of monkey kidneys for growing virus
have been overcome by use of continuous-passage Vero
monkey cells for vaccine preparation

Use of antigenically potent but virulent polioviruses as vaccine
seed creates potential for tragedy if a single failure in virus
inactivation were to occur in a batch of released vaccine.
This is particularly important since monkey neurovirulence
tests are no longer required before release of inactivated
vaccine. However, this problem can be overcome by use of
attenuated strains for production.

aModified from Melnick(221) Used with pennission.
·Some of the disappointing results in the decade after killed vaccine was introduced may have resulted in part from problems that may now have been corrected
by development of the more immunopotent van Werel vaccine.
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Table 18. Live Polio Vaccine: Advantages and Problemsa

Advantages

Confers both humoral and intestinal immunity, as does
natural infection
Immunity induced may be lifelong
Induces antibody very quickly in a large proportion of
vaccinees

Oral administration is more acceptable to vaccinees than
injection and is easier to accomplish
Administration does not require use of highly trained
personnel
When stabilized. can retain potency under difficult field
conditions with little refrigeration and no freezers
Under epidemic conditions, not only induces antibody quick
ly but also rapidly infects the alimentary tracl, blocking
spread of the epidemic virus
Is relatively inexpensive, both to produce the vaccine itself
and to administer it. and does not require continued
booster doses
Can be prepared in pretested cell lines and thus is dependent
on monkeys only for neurovirulence testing. Use of pre
tested continuous cell lines also eliminates theoretical risk
of including monkey virus contaminants in the vaccine

Problems

Being living viruses, the vaccine viruses can mutate and in
very rare instances have reverted toward neurovirulence
sufficient to cause paralytic polio in recipients or their
contacts
Vaccine progeny virus spreads to household contactsb

Vaccine progeny virus also spreads to persons in the com
munity who have not agreed to be vaccinatedb

In certain warm-climate countries, induction of antibodies in
a satisfactorily high proportion of vaccinees has been
difficult to accomplish unless repeated doses are adminis
tered; in some areas, where heavy exposure to wild
polioviruses often occurs very early in life. even repeated
administration has not been effective in providing 100%
protection to all infants
Contraindicated in individuals with immunodeficiency dis
eases. and in those undergoing immunosuppressive thera
py, and also in the household associates of persons in
either of these groups
Requires large numbers of monkeys for safety testing

"Modified from Melnick. (221) Used wilh pennission.
'Some people consider this spread into the community to be an advanlage, bUl the progeny virus excreted and spread by vaccinees is often a mUlated virus.
Obviously, it cannot be a safely-lested vaccine, licensed for use in the general population.

one dose ofeither vaccine at 2, 4, and 18 months of age. The
serological status of 439 was assessed at 2, 4, and 6months.
and that of 85 was assessed also at 18 and 20 months of age.
At 2months ofage, before vaccine administration, the preva
lence and the titers of antibodies against the three poliovirus
types were similar in both groups (lPV and OPV recipients),
and maternal antibody was shown to be present in a large
proportion of both groups: only 12 of the 439 were triple
negative at entry into the study; at 2 months of age, 88-90%
of the children had type I antibody, 92-96% type 2, and 75
76% type 3. At 6 months of age (2 months after the second
dose of vaccine), a minimum of 93% had antibodies to all
three types of poliovirus. At 20 months (2 months after the
third dose), all but one child had antibodies to all three types.
Geometric mean antibody titers for type 2 and type 3

were significantly higher for the OPV group at 4 months of
age. The authors indicate that the lower response to the IPV
at this age was probably related to the presence of maternal
antibodies, whereas after the first dose ofOPV, types 2and 3
were able to multiply in the intestine in the presence ofmater
nal antibodies and thus induce active antibody by 4months of
age. At 20 months of age, higher geometric mean titers
against types I and 3were found in the IPV recipients than in
the OPV group. Amarked booster effect could be seen after
the third dose of IPV.

In another large field trial conducted in Africa, two
doses of the new IPV induced a good antibody response in
more than 90% of the recipients. Those tested were infants
who initially had antibody titers :54.(365) In this program the
new potent IPV was used in a combination vaccine with
OPT. During the I-year study period, approximately 10,000
children received a full set of vaccinations, 6 months apart,
and 500 were selected for detailed study. Ages at the fust
dose were 2 to 8 months, and at the second, 9 to 51 months.
Six months after the second dose, type I, 2, and 3antibodies
were detectable in 97%, 98%, and 90% of the DPT-IPV
recipients. In the control group (OPTalone), the correspond
ing percentages rtith antibody were 50%, 38%, and 80%,
presumably as a result of natural infections. However, the
results of this field trial in terms of resistance to the develop
ment of paralytic poliomyelitis have been somewhat
disappointing. (39a)

Although the killed-virus vaccine may not confer intes
tinal resistance to carriage and spread of virulent live virus in
the community, the neutralizing antibody it elicits provides
protection of the vaccinee against paralysis from wild vir
ulent virus. On a philosophical level, it has the advantage of
not introducing into the community any living virus that can
spread in an uncontrolled fashion to persons other than those
who have sought or agreed to receive the live vaccine.



9.1.2. Disadvantages. The licensingofkilled vaccine
was preceded by an immense nationwide trial in the United
States, in which vaccine was administered to several hundred
thousand children. Yet immediately after the success of the
trial had been reported and the vaccine licensed, 61 cases of
paralytic poliomyelitis appeared in vaccine recipients and 80
cases in their family contacts. These cases were epidemio
logically linked to certain lots of vaccine subsequently found
to contain small amounts of live, virulent poliovirus that had
been undetected by the manufacturer. The breakdown in
safety procedures that allowed the live virus to remain in the
final vaccine arose from problems of transferring laboratory
procedures to manufacturing production processes, particu
larly ofextrapolating inactivation data. These problems were
resolved, and there have been no further reports of any re
siduallive-virus problems with any inactivated poliomyelitis
vaccines manufactured according to well-standardized pro
cedures.

In the United States, after the early manufacturing de
fect that sometimes had allowed residual live virus to be
present, an extra filtration step was included in the process
ing. This increased safety but reduced the concentration of
viral antigen in the vaccines and consequently diminished
their potency during the I950s-and, indeed, continuing
into the I980s in some instances. In some studies,
disappointingly low proportions ofvaccinees developed anti
bodies after three inoculations of the killed vaccine. One
such study was conducted in Ontario. A survey in 1969 and
1970 indicated serious gaps in the antibody protection of
children who had received only killed vaccine, whereas al
most all of those who had received both killed and live vac
cines had antibodies to all three poliovirus types.(200)

In Sweden, Finland, the Netherlands, and Nova Scotia,
as well as Ontario, the poliomyelitis immunization programs
for many years relied on killed vaccine alone. However, they
are small countries or provinces, in large part culturally ho
mogeneous and socially advanced. They have excellent gov
ernmental health programs covering the entire population,
ensuring the administration of full primary vaccination and
frequent booster dosage. Particularly in Sweden, Finland,
and the Netherlands, killed vaccines have been administered
in intensive and regularly maintained immunization pro
grams, achieving vaccine coverage among children that ap
proaches 100%. In Finland and Sweden up to 1977, no paral
ytic poliomyelitis had been reported for more than a decade,
and in the Netherlands, for a number of years only rare spo
radic cases had been seen-in unvaccinated persons chiefly
within religious communities having low vaccine acceptance
rates because of their religious beliefs. It had been believed
that wild polioviruses no longer circulate endemically in
these countries.
On the other hand, it has also been suggested that the

reason so little poliovirus has been found in these nations is
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that they are adjacent to countries where live vaccine con
tinues to be widely distributed and that opportunities for the
importation of wild polioviruses are thus reduced.

In Sweden in 1977, after many years without polio
cases, two cases occurred, and a number of poliovirus car
riers were detected in the area. The patients had no history of
vaccination; this was also true of most of the carriers.
In 1978, the Netherlands experienced an epidemic of

paralytic poliomyelis in which a total of 110 cases were
reported.(346.406) Of patients who were paralyzed, 67 had
spinal paralysis, seven had bulbar paralysis, and six had both
bulbar and spinal involvement. All patients were members of
a religious group that had refused vaccination. This outbreak
occurred in a country with a very high poliovaccine accep
tance rate; of persons under 27 years of age, 93% had re
ceived between three and six doses of killed-poliovirus vac
cine. No cases were reported among vaccinated persons.
However, in nursery and primary schools in some of the
affected communities, not only were 71%of the nonvacci
nated children tested excreting the wild poliovirus, but also
about 24% of the vaccinated children were carrying the epi
demic wild virus. (346) On the other hand, the 70,000 persons
in the religious group that refused vaccine have been
viewed-because of their frequent in-group contacts-as a
single coherent population. All the cases in the Netherlands
in 1978 occurred among this particular religious group of
unvaccinated persons, whereas in the far larger number of
unvaccinated persons scattered about the country who are not
members of these religious groups, no polio cases were
reported.
Until 1978, polio cases in the Netherlands had occurred

only in the few municipalities with overall vaccination ac
ceptance rates lower than 50-60%. In the 1978 outbreak,
however, aparticularly surprising finding was that, this time,
some of the municipalities involved were those with gener
ally high acceptanceofvaccination. (19,404) Thus, some of the
1978 cases occurred in areas where a high degree of herd
immunity might have been thought to protect unvaccinated
individuals. There also were more cases than in other out
breaks in the "vaccine era," and a higher percentage of
patients were older than 4 years.

It is clear that a great deal of population protection has
been conferred in the Netherlands by their immunization
program. But despite the high vaccination levels of the gen
eral population, virulent wild type 1 poliovirus was able to
gain a foothold in the country and travel in a narrow stream
among susceptibles within these close-knit subpopulations.
Schaapetai. ,(346) in evaluating the epidemic, have noted that
the evidence obtained cannot shed light on whether or not the
vaccinated contacts who excreted the epidemic virus in their
feces played a part in transmission of the virus. They con
clude, however, that there were no indications of extensive
and persistent circulation of poliovirus among the immu-
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nized population or in the unvaccinated persons in the gener
al population who were not part of these religious groups.
Subsequently, the Netherlands epidemic virus also

spread to unvaccinated members of associated religious
groups in Canada in 1978(93.405) and in the United States in
1979.(34) The virulent type I strain was an imported one,
believed to have come from Turkey,(3210) and in none of the
countries involved did any cases occur beyond the narrow
path of transmission among susceptibles in these intercon
nected unvaccinated groups.
The most recent polio problem in a well-vaccinated

country has been the experience of Finland, where the killed
vaccine coverage among preschool children is almost
98%.(57) From mid-August, 1984 through January, 1985,
10 polio cases were documented, nine of them paralytic, and
one nonparalytic (meningitis).04O.157.192) All but two of the
patients were shown to be excreting type 3 poliovirus. Six of
the patients were between the ages of 26 and 48 years; the
other four were 4, 6, 12, and 17 years of age. Seven of the
patients had received at least three doses of IPV (five had
five; two had three), their latest doses having been received
from 1977 through 1984. Two had received no vaccine, and
one had received only one dose, in 1964. The patients were in
widely separated parts of Finland, and subsequent testing of
stools of healthy persons and of sewage indicated the epi
demic virus to have been evenly spread throughout the coun
try and to have infected at least 100,000 persons.
The inactivated poliovaccine that had been used in

Finland's immunization program for the past two decades
was known to have relatively weak immunogenicity, particu
larly in the type 3 vaccine component (Saukett strain), and
declining prevalence of antibodies had been noted pre
viously, although no cases had ensued. In a study published
as recently as 1982, antibody to type 3poliovirus was detect
able in only 47-60% of Finnish children aged 1-6 years,
whereas type I antibody was present in 62-67% and type 2
antibody in 83-93% of the children tested in this age
group.(188) Because these and other antibody prevalence data
indicated low immunogenicity ofthe IPV in use at that time,
a decision was made in September, 1984 to use a new and
more antigenic IPV preparation beginning in 1986. Follow
ing these cases, 1.5 million extra doses ofkilled poliovaccine
were given to persons under 18 years of age, and an oral
poliovirus vaccine campaign was mounted that covered
about 95% of the entire population; the outbreak was halted
in February, 1985.
The Finnish epidemic strain of poliovirus type 3 was

found to differ in both immunologic and molecular properties
from the type 3 Saukett (killed-vaccine) strain. (140) Analysis
of sera collected before the Finnish outbreak indicated that
prevalence ofneutralizing antibodies against most ofthe new
type 3 isolates was much lower than that of antibodies to the
Saukett strain. However, infants who had previously re-

ceived two doses ofa new, more potent IPV in acomparative
vaccine trial had almost equal neutralizing antibodies to the
two strains.
Analysis of the amino acid sequence indicated that

changes had occurred in the most important 12-amino-acid
stretch central to the major antigenic site ofpoliovirus type 3.
The ability of type 3poliovirus to undergo antigenic drift was
also indicated by definite antigenic changes in consecutive
isolates from several individuals.

In some studies of this outbreak, antigenic drift was
considered to be a major precipitating factor in the outbreak
by giving rise to a strain sufficiently divergent to overwhelm
the low levels of population immunity to type 3 that were
known to exisl.(I4O·192.201)
However, other investigators(93)emphasized the low im

munogenicity specifically of the Finnish vaccine(14O.192.201)
as being an important factor in the outbreak; they question
whether the antigenic divergence, albeit wide, had a major
role in the origin of the outbreak. They cite studies on sera
obtained in the Netherlands after immunization with a potent
IPV and in the United States after immunization with OPV
showing that serum antibody titers were high against the
Finnish epidemic type 3 strain. This parallels the findings by
Hovi etal. (140) that seraofinfants in Finlandwho had received
twodosesofanewmore potent IPVhadalmost identical levels
of antibodies against the vaccine strain and the epidemic
strain. Furthermore, in neighboring Sweden, which has been
using adifferent form of IPV, no type 3cases were reported at
the time ofthe outbreak in Finland.
The source ofFinland's epidemic strain is not known; to

date, attempts to identify similarly altered strains in other
parts of the world have failed. Thus, it is not known whether
this episode foreshadows further variation or more wide
spread emergence of widely divergent type 3 polioviruses. It
is also worth noting that a recent further study of Finland's
1984-1985 type 3 epidemic poliovirus strain, conducted by
determination of the nucleotide sequence, included investi
gation to determine whether the epidemic virus might have
been derived from markedly drifted progeny of the type 3
live-virus vaccine strain, Leon.(42) The sequence com
parisons indicate that the epidemic strain was not derived
from the Leon strain.
The Finnish investigative authorities do not consider the

outbreak to be a failure of IPV in general, and that country
plans to continue with the new and more potent IPV from
1986 on, but without adding OPV to the ongoing vaccine
regimen.
Whatever the causeor causes of the outbreak in Finland,

if one were to extrapolate the nine cases of paralytic polio in
Finland-six of them in fully vaccinated persons-from the
Finnish population (less than 5 million persons) to a large
population such as that of the United States (more than 233
million persons), the picture would be seen as even more



alarming. A parallel outbreak in a population as large as that
of the United States would involve 419 cases, 280 in fully
vaccinated individuals, and an estimated 4,660,000 healthy
carriers excreting the epidemic virus.
For the 80 paralytic cases in the Netherlands outbreak,

extrapolation of the rate from the 14 million population of the
Netherlands to the United States population would mean
more than 1300 cases of paralytic polio.
It is worth noting that the findings ofserological surveys

in Finland were predictive of possible vulnerability of the
population. This argues for more-and perhaps more fre
quent-serological surveillance in supposedly secure popu
lations to ensure that protection is elicited and that it persists.
One argument often given for the use of killed-virus

vaccine is that although serumantibody may be at very low or
even undetectable levels, there is an enduring' 'immunologic
memory." This state, not measured by antibody tests, is said
to enable the vaccinee to make a very quick and high-titer
antibody response on further exposure to the homotypic
virus.(344) Lack of serum antibody indeed may not indicate
complete lack of protection against clinical illness. How
ever, serumantibodies do contribute to preventionof viremia
and therefore minimize the possibility that the nervous sys
tem will be invaded. It is therefore risky to assume that
protection exists when serum antibody cannot be demon
strated.

As regards the needs ofdeveloping countries with large
health problems and very limited financial resources, it is
unfortunate that the cost of the new concentrated vaccine is
far greater than that of live virus vaccine, which in 1985 was
being made available to developing countries at a cost of
about l¢ (U.S.) per dose.(84)

9.2. Live Attenuated Polio Vaccine

9.2.1. Advantages. This vaccine is given by the oral
route. It infects, multiplies, and thus immunizes. In simulat
ing the natural poliovirus infection, it confers long-lasting
(possibly even lifelong) immunity. Like the natural infec
tion, it quickly induces the development of circulating
antibody.

In addition to inducing humoral immunity, live po
Iiovaccine also induces a state of resistance of the intestinal
tract, which subsequently tends to block the spread of cir
culating poliovirus in the community. Indeed, it is postu
lated(432) that because of this intestinal resistance, the admin
istration of live polio vaccine has already brought about a
break in the chain of transmission of polioviruses within the
United States, halting the perpetuation of wild polioviruses
in this country. Intestinal resistance after administration of
live virus vaccine seems to be dependent on the extent of
initial vaccine virus multiplication in the alimentary tract
rather than on serum antibody level.
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Under epidemic conditions, live vaccine has the advan
tage of inducing immunity rapidly. (428) Furthermore, by
quickly infecting the enteric tract, the vaccine strains tend to
preempt this site in many persons in the population, interfer
ing with and halting further spread of the epidemic virus
often within a matter of days, even before the vaccine-in
duced immunity becomes fully effective.

In a well-vaccinated country, repeated booster doses of
live vaccine after the initial childhood series are seldom con
sidered necessary. Since the live vaccine is given orally, it is
easy and inexpensive to administer and is more acceptable in
many populations. It is also more practical for mass admin
istration and can be readily taken to remote areas and given
rapidly without requiring the services of large numbers of
skilled personnel. Furthermore, it is much less expensive
than the inactivated vaccine, both in terms of single-dose
costs and administration and in terms of the total amount
needed to establish and maintain adequate immunity.
The live attenuated polioviruses in the vaccine, like

most viruses, are unstable except when held at very low
temperatures in the frozen state. As a result, present regula
tions require that for maintenance of potency the vaccine
must be stored and shipped frozen, and that after thawing it
must be held in the refrigerator at no more than lQoe for a
period not to exceed 30 days, after which time it must be
discarded. It should be noted in this regard .that the infectivity
of the enteroviruses can be preserved even when they are
heated at 500e if molar MgCl2 is added, a property that is
used in their classification. This finding was quickly applied
to the live polio vaccine(232.311) not only in the laboratory but
also in the field, where stabilized vaccines were used effec
tively to halt type I and type 3 outbreaks. (428)

In mass poliovirus immunization programs, particularly
in developing and tropical countries where it is difficult to
maintain or to transport the vaccine under frozen conditions,
the stabilized vaccine offers numerous advantages.(264.311)
The vaccine strains can be maintained at 4°e for well over a
yearwith no loss in potency, and there is less need to keep the
vaccine refrigerated during its administration in the field.
Sucrose and sorbitol have also been used as stabilizers, but in
comparative studies they have been less effective. In com
parative studies, Peetermans et al.(311) concluded that vac
cines prepared in molar MgCl2 are still immunogenic after
exposure for 1day at 45°e, 3 days at 37°e, 3 to 6 weeks at
+25°e, and more than 18 months at +4°e. In contrast, the
vaccine in sucrose retained potency for significantly shorter
periods.
Another advantage of live vaccine is that it does not

depend on a supply of scarce monkeys, except for neu
rovirulence testing. Initially, oral poliomyelitis vaccine was
prepared in monkey-kidney cultures, but more recently
human diploid-cell cultures have been used, and human dip
loid-celllines are now licensed for vaccine production. This
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is desirable because of the possibility that the supply of suit
able monkeys from the wild may be greatly curtailed. Also,
the use of monkey tissues carries possible hazards (e.g.,
unknown viral contaminants such as the dangerous Marburg
virus) that would not exist with human cells. The most thor
oughly studied human diploid-cell lines are WI-38 and
MRC-5; these cells have been found.free of microbial con
tamination and can be held frozen until needed for vaccine
production. Safety testing of such acell stock can be far more
complete than the testing that is possible within the relatively
brief life-span ofprimary cultures such as those from monkey
kidney. However, current developments with monkeys bred
in captivity, in which the kidneys of newborn animals are
used for vaccine production, indicate another economically
feasible option.
9.2.2. Disadvantages. Problems associated with live

polio vaccine relate chiefly to tJie fact that the vaccine con
sists of living viruses. Being alive, the vaccine viruses can
mutate, and some poliovirus strains excreted by vaccinees,
although still attenuated, are less attenuated than the vaccines
administered.(2IS) Vaccine viruses are abundantly excreted
and can infect unvaccinated contacts.(IS,137.138) Also,
serological studies in some populations indicate that vaccine
virus spreads beyond the vaccinees. The proportion of indi
viduals found to possess antibodies is considerably greater
than would appear to be explainable either by their vaccina
tion histories or by the circulation of wild polioviruses in
their communities. Although the spread of live vaccine virus
from the vaccinee to household and community contacts is
considered by some to be an advantage, in that it may provide
"free immunization" to larger numbers of persons, the fact
remains that the virus that spreads to the contact is not a
licensed vaccine. It is theoretically possible that it could
revert sufficiently toward neurovirulence to cause paralytic
poliomyelitis in the contacts of the vaccinee.
When inoculated into the monkey spinal cord, all strains

ofpoliovirus can multiply in and destroy motor neurons. The
crucial test used to determine whether a strain is sufficiently
attenuated and safe for vaccine use is to show that this
monkey neurotropism is reduced by one millionfold from
that manifested by virulent strains. The techniques used in
recognizing and certifying vaccine strains for safety are such
that different degrees of neurotropism, even among attenu
ated strains, can be detected. For example, it has been found
that vaccine progeny virus after multiplication in the vac
cinees, although still attenuated, may no longer pass the
safety tests required of the vaccine itself. (2IS) As mentioned
above, the viruses, particularly type 3, do mutate in the
course oftheir multiplication in vaccinated children, and rare
cases ofparalytic poliomyelitis have occurred in recipients or
in their household contacts. (166) It is for this reason that when
a developed nation or region begins administration of oral
poliomyelitis vaccines, the initial program should be con-

ducted in intensive campaigns designed for mass immuniza
tion of the entire population of an area at the same time.
Thus, the polioviruses that would infect virtually the entire
population of all ages would be the certified and tested vac
cine viruses themselves rather than untested progeny viruses
excreted by vaccinees. At the minimum, all susceptible
members ofa family, including the parents, should be vacci
nated simultaneously. Once the bulk of the population in an
area has been immunized, subsequent routine immunizations
can be limited to babies and young children. This procedure
should be sufficient, so long as a large proportion of the
children (over 90%) do indeed receive the complete course.
When a developing country begins administration of

oral poliomyelitis vaccine, the initial program should be con
ducted in intensive campaigns designed to immunize the en
tire child population 3-24 months of age at the same time. If
serological surveys or clinical disease indicate risk to young
er or older children, the age limits of the populations to be
vaccinated may be altered accordingly, from I to 36 months
of age.
Epidemiologic data indicate that the instances in which

the live vaccine virus has reverted to neurovirulence and
attacked vaccinees or their close contacts are exceedingly
rare. Recently, in the United States, new discussions and
arguments have arisen from proposals that killed vaccines be
reestablished for general use in this country. The argument
for killed vaccines has included reference to the "dangers"
of the live vaccine. It is important to reemphasize what has
been observed in the United States from the results ofadmin
istering more than 700 million doses over the past two dec
ades and has repeatedly been stated by many different na
tional and international groups of experts. A vaccine that in
the United States during 1973-1984 produced, at most, one
case in a recipient or a contact per 2.6 million doses ofOPV
distributed(39.284.) is far from "dangerous" but rather is
outstandingly safe, as well as effective. However, it was
noted that the associated frequency ofparalysis was one case
per 520,000 flfSt doses, versus only one case per 12.3million
subsequent doses. (284.) Corresponding figures calculated for
the United Kingdom since 1967 are similar-about one case
in a recipient and two cases in contacts per 10 million doses
distributed. (49) These are based on the maximum risk (that is,
the risk calculated as though every "vaccine-associated"
case in which the vaccine cannot be ruled out were indeed
vaccine-related). To what extent these time-associated paral
ytic cases are caused by vaccine virus progeny rather than by
wild polioviruses, or by viruses that are not polioviruses,
remains a cause of controversy. (33S.336,339.340)

Of particular note in this connection are the eventual
scientific findings in regard to one ofthe flfSt vaccine-associ
ated cases in which a huge sumwas paid by amanufacturer to
a plaintiff in Texas because the court ruled that the epi
demiologic evidence supported the view that the patient had



been paralyzed by a vaccine virus. It now turns out, from the
results obtained by the new laboratory methods, that the virus
recovered from the paralyzed child unequivocally possessed
the genome of a wild virus and not that of the vaccine virus.
Thus, this case clearly illustrates that at least some' 'vaccine
associated" cases are "associated" merely in time and are
not vaccine-caused.
Because of the need to monitor the characteristics of

polioviruses isolated from persons who have received live
vaccine, and particularly from those few who develop para
lytic poliomyelitis or whose contacts develop poliomyelitis,
there have been many efforts to design laboratory tests capa
ble of indicating whether a poliovirus isolate is vaccine-de
rived or is a wild virus. A number of such "marker" tests
have been used, but their results have not given absolute
answers, and some investigators consider them of little help,
at least in deciding whether a particular case of poliomyelitis
is vaccine-derived. They have contributed toward designat
ing a 'particular virus excreted by a vaccinee or a contact as
"vaccinelike" or "nonvaccinelike," but the former does
not necessarily mean that the virus was derived from the
vaccine virus. In some instances wild polioviruses have been
found with similar "marker" properties. In any case, results
of the marker tests cannot, by themselves, indicate whether
vaccine progeny caused the illness. At best, such markers
can be used only by highly experienced investigators, to
gether with other information about the history ofaparticular
poliomyelitis case, to make an informed judgment as to
whether the case was "probably vaccine-caused" or "prob
ably caused by a wild virus. "(277)
With the use of the new tools of molecular epi

demiology and monoclonal antibodies, advances are being
made in resolving some of the controversial cases. The ge
nome of the attenuated type I vaccine strain has been found
to have only 57 base substitutions of a total genome of 7441
nucleotides. (286) Also, ribonuclease Tl-oligonucleotide
mapping of poliovirus RNA has been introduced in which
wild strains usually can be distinguished from vaccine pro
geny strains by examination of the two-dimensional elec
trophoretic migration patterns of fragmented segments of the
viral genome. But there are limits, since genomic variation
may occur in the process of vaccine virus replication in hu
mans.(I66.289) Genomic variation also limits the value of
strain identification by polyacrylamide gel electrophoresis of
the viral peptides. Wild and vaccine strains are also being
identified not only by use of strain-specific absorbed sera(381)
but also with monoclonal antibodies.(143.296) However, the
degree of virulence of a poliovirus strain (whether vaccine
derived or wild) can only be determined by the neu
rovirulence test, conducted by inoculating monkeys and
evaluating the results according to precise and standardized
procedures.
A detailed study was begun in 1969, conducted by a
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WHO Consultative Group specifically charged "to investi
gate the possible relationship between acute persisting spinal
paralysis and the use of poliomyelitis vaccine. "(416) The
classification of cases, in general closely following the pat
tern used in the Neurotropic Viral Diseases Surveillance Pro
gram of the U.S. Centers for Disease Control, included "re
cipient" vaccine-associated case (one in which illness begins
7-30 days after receiving the vaccine), "contact" vaccine
associated case (one in which the patient is known to have
been in contact with a vaccinee and becomes ill 7-60 days
after the vaccinee received the vaccine), "possible contact"
case (no known contact with a vaccinee but occurring in an
area and time ofmass vaccination), and "no known contact"
case (paralysis occurring with no known contact in an area
where intensive vaccination is not in progress or where rou
tine vaccination can be given any time during the year).

In an evaluation of the study, acoherent picture could be
discerned despite different methods of investigation and re
porting among the participating countries. In the frrst 5years
of the study, during which almost 200 million doses of vac
cine were given, 360 cases of paralytic poliomyelitis were
reported; ISS were classed as "no known contact" and ap
peared to have been caused by wild viruses still circulating in
these communities. For the 10 years of the investigation
conducted in 13 countries, the WHO Consultative Group,
reported:(417)

Altogether 698 cases . . . were recorded in a total
population of about 509 million over the IQ-year
study period-an incidence of 0.14 per million per
annum. The incidence varied widely between coun
tries.... Consistently over the years, there have
been reports of a few cases that were thought to have
been causally related to the viruses in the vaccine
especially poliovirus type 3 in vaccine recipients and
type 2 in contacts. . . . The occurrence of a few rare
cases among the parents of immunized children sug
gests that parents without definite evidence of pre
vious effective immunization should be given vac
cine at the same time as their children. Overall, the
second 5years of the study confirmed the conclusions
reached after the fIrSt 5 years. i.e., that live oral
poliomyelitis vaccine is one of the safest vaccines in
use.

In an extension of the WHO study for a further 5-year
period, through 1984, the WHO Consultative Group con
fIrmed' 'that live poliovaccine is safe and effective in routine
use and is indispensable for the control of outbreaks. In the
group of six countries with a total population of403 million,
the risk of vaccine-associated paralysis is less than one per
million children vaccinated." (450)
In some warm-climate countries, live poliomyelitis vac

cines have not induced antibody production in as high a
proportion of vaccinees as in areas with more temperate cli-
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mates.(67) This lower rate of vaccine "take" has been as
cribed to various possible factors, including interference
from other enteric viruses already present in the intestinal
tract. Interference can be an important problem in warm
climate regions where enteroviruses are abundant. (302) Other
factors that have been suggested as possibly responsible for
this problem include the presence of antibody in breast milk,
the presence ofcellular resistance in the intestinal tract owing
to previous exposure to naturally circulating polioviruses (or
perhaps related viruses), or the presence of an inhibitor (sali
va) in the alimentary tract of infants in these areas that acts
against multiplication of the vaccine virus.(46,67) It also is
possible that the persistent diarrhea so common among in
fants in many tropical areas interferes with implantation of
the vaccine viruses.
The problems of controlling paralytic polio by use of

vaccine may be exacerbated by the fact that in some areas the
newborn infant has only a short time in which to acquire
protective immunity, because exposure comes very early. In
some developing and tropical countries poliomyelitis may
attack children in their first months of life, and almost all
poliomyelitis cases occur within the frrst 2 years,
For the present, practical experience has shown that a

high level ofpopulation immunity and significant reductions
in incidence can be achieved even in warm-climate countries
by use of repeated doses of standard live vaccine alone, if
given on a regular basis to infants and young children.
Special programs were conducted in three areas in trop

ical Africa that were experiencing incidence rates (as esti
mated from lameness surveys) ranging from 25 to 62 per
100,000 population in the mid- to late 19705. Carefully
planned, well-implemented programs were instituted(86) in
Yaounde, Cameroon, The Gambia, and Abidjan, Ivory
Coast. The programs included administration of three doses
of oral polio vaccine during the frrst year of life, I month
apart starting at 2 to 3months of age, extensive evaluation of
the vaccine coverage achieved,(129) and surveillance of po
liomyelitis both before and after the vaccination pro
gram.(18,13I,183,290) Within a few years the proportion of the
children who received three doses of the vaccine, which had
been virtually zero except for some (low) coverage in Abid
jan, was increased to 50-70%. Even with this less-than
optimal vaccine coverage, the incidence of poliomyelitis de
creased significantly in contrast to what has been reported
from some other tropical countries, and oral poliovirus vac
cine properly administered during the first year of life has
been judged to be effective in controlling poliomyelitis in
these localities. In Yaounde, for example, by 198050% of
the children 12-23 months old had received three doses of
vaccine, and from apreimmunization average of62 cases per
100,000 in 1974 and 1975, the incidence of polio decreased
88% to 7,5 per 100,000 in 1981. As emphasized below, once

a vaccine program has been proven to be effective, it must be
maintained on a continuing and regular basis.
Live vaccine has been shown to be as effective a means

ofcutting short an epidemic in awarm-climate country as it is
in a temperate-climate country when given, preferably in
repeated doses, to a high proportion of the presumed suscep
tible population in an epidemic area.(46,428)

An approach that has proven very effective in some for
those areas where previous programs with live-virus vac
cines had not achieved full protection is the institution and
maintenance of thorough and repeated mass administration
of live polio vaccine. This strategy calls for annual national
campaigns that include all age groups in which cases are
occurring. (335,336) Each child in the age groups chosen is
given a dose of live vaccine twice each year, with a 2-month
interval between doses, regardless ofhow many doses of live
vaccine he or she may have received before. This mass ad
ministration should then reach those missed in previous cam
paigns and should avoid the problem of record keeping,
which often has been a barrier to full coverage in administer
ing the vaccine.
Important questions relative to such a program have

been the following: In view of the urgent need for other
immunizations as well, would a campaign directed only at
poliomyelitis present problems for the overall immunization
program?(74) Would the absence ofrecord keeping be detri
mental both to the program itself and to the evaluation of its
effectiveness?(74) Also, would developing nations be able
and willing to make such a commitment for mass administra
tion on two separate occasions each year? Would these na
tions have the resources to conduct such an annual repetitive
mass vaccination program?
It is noteworthy that Brazil initiated such a program in

1980 and markedly reduced the annual incidence ofpoliomy
elitis, from several thousand cases annually in the recent past
to only 123 in 1981,(322) 69 in 1982, and only 43 in
1983.(74,336,415) Furthermore, the huge national effort and
participation in the polio vaccine program (with some 90,000
vaccination sites set up, 10 times the number of permanent
health stations) generated awareness and activity in other
immunizations.
Mexico had also been attempting for many years to

achieve control ofpoliomyelitis chiefly through routine vac
cination but continued to record considerable numbers of
polio cases, an average of almost 700 annually from 1976
through 1980. In 1981 that country undertook mass national
immunization campaigns similar to those described above
for Brazil. In view of the fact that type I poliovirus has been
the chief isolate from paralytic cases in Mexico for a number
of years, the intensive campaign procedure during 1983 and
1984 was arranged to administer monovalent type I vaccine
on the first of the two immunization dates, in January, and



trivalent vaccine 2 months later, in March.(84) These cam
paigns have been continued annually and are yielding much
greater success both in fuller vaccination coverage of chil
dren-to more than 80% in 1982-and in drastically reduc
ing the cases: in 1981, there were only 186 cases, and in
1982, only 57.
Existing knowledge suggests that retiming of vaccina

tions also could save lives, especially in those countries
where the six diseases targeted by WHO's Expanded Pro
gramme on Immunization (EPI) cause many deaths in the
first year of life. A new recommendation is that in these
countries trivalent oral polio vaccine be given at birth, along
with BeG, and repeated atthe same time as as OPT, at6, 10,
and 12 weeks of age. (74.119)
However, in certain areas where multiple doses of live

polio vaccine have not succeeded in providing 100% protec
tion to young infants, a program for inoculating killed vac
cine or for administering killed vaccine together with sched
uled feedings of live vaccine should be considered for use
until this special problem can be overcome.(189.220.228)
Such a difficulty was encountered in recent years in

Gaza and the West Bank, and a program was developed to
deal with it, including both killed and live polio vaccines in
the immunization schedule. Beginning in 1968, intensive
vaccination campaigns have been conducted in these areas,
and about 90% of the children received at least three doses of
live polio vaccine; some had been given four or five doses.
But cases continued to appear. The disease struck particu
larly at the very young, sometimes with 50% of the cases
occurring during the fIrst 12 months of life. Among unvacci
nated and incompletely vaccinated children in Gaza, the at
tack rates per 1000 children up to 3 years of age were 3.90
and4.71 in epidemic years 1974 and 1976, respectively. But
even among fully vaccinated children (some of whom had
received up to four or five doses), a number of cases oc
curred, the attack rates in this group being 0.72 and 0.67 per
1000 children during the respective epidemic years. Thus,
the vaccine was still strongly protective, 82% for 1974 and
86% for 1976, but the continued occurrence of some cases
among the fully vaccinated was a cause of concern. In early
1978, a program was instituted using both killed and live
vaccines.(105)
The rationale for the combined schedule was that under

conditions of regular and heavy importation of virus from
neighboring countries, there resulted an early and frequent
wild virus challenge. Under such conditions, features ofboth
types of vaccine seem to be needed. The killed polio vaccine
provides an immediate immunogenic stimulus that is not
subject to the interfering or inhibiting factors that prevent live
vaccine "takes" in some young infants. Thus, protection
can be provided in the critical first weeks or months of life in
such areas of high exposure. Live polio vaccine then has time
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to induce its protective immunity both in the form ofcirculat
ing humoral antibody and in the form of intestinal immunity .
The immunity that ensues is long-lasting, like that which
follows the natural infection.
The combined schedule of live and killed polio vaccines

has been very effective in these high-risk localities where
reimportation of wild virus into the community serves as a
repeated challenge to the immunity of very young children.
In a relatively short time, this program has transferred Gaza
and the West Bank from the list of areas where poliomyelitis
has been epidemic to the list of areas where poliomyelitis is
now completely controlled.(105.189.222) This control has been
achieved in the face of continuing heavy exposure to po
lioviruses imported from surrounding territories. As the en
vironment is made more hygienic, and heavy exposure to
wild polioviruses no longer occurs in the fIrst months of life,
live polio vaccine alone should be able to provide both of the
essential elements-sufficient early protection plus enduring
immunity-as it has in the developed countries.
A record of combined use of live and killed polio vac

cines in a very different epidemiologic setting can be seen in
the experience ofDenmark. From the beginning of that coun
try's use of polio vaccines, serological surveys covering all
age groups have been condUCted frequently to monitor the
prevalence of antibody in the population. After several years
of experience with use of killed polio vaccine alone, Den
mark undertook huge nationwide mass vaccination programs
with oral polio vaccines in 1963 and in 1966; and in 1968 it
was felt necessary to add live polio vaccine to the routine
vaccination program.(312.383) The complete series of polio
vaccinations in Denmark now consists of three killed vaccine
injections at 5, 6, and 15 months of age, given in a triple
vaccine in combination with diphtheria and tetanus vaccines,
followed by three feedings of live polio vaccine at approx
imately 2, 3, and 4 years of age.(384) Vaccine coverage is
very high: by the time they enter school at 6-7 years of age,
96% of children have had three injections of killed polio
vaccine, and 75% have also had three doses of live polio
vaccine. An increasing percentage ofchildren (20% in 1975)
also have one or more live vaccine doses at school age. By
the ninth year of school (14-15 years of age), 98% have had
three or four killed-vaccine doses, and 93% three doses of
live vaccine also(384) (I. Petersen and H. von Magnus, per
sonal communication).
The results of the Danish program are excellent. In

1977-1978, serological surveys showed that 76% of infants
6-11 months of age and 95% of those over 3 years of age
possessed antibodies to all three poliovirus types. Geometric
means of the measurable antibody titers were greater than
I :64 against all three poliovirus types at all ages beyond I
year(384) (I. Petersen and H. von Magnus, personal commu
nication). Since 1968, when the combined killed and live
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poliovaccine program began, there have been only two cases
of paralytic poliomyelitis in Denmark. Poliomyelitis is no
longer a disease in that nation. But the country, by virtue of
its location in northern Europe and its freedom from daily
massive importations of virulent wild polioviruses, is spared
the repeated virus assaults that take place in similarly well
vaccinated sections of the Middle East. The slow schedule of
vaccination that provides ample protection for Danish chil
dren would not be adequate in the Middle East today.

In making recommendations for vaccination, and also
in evaluating vaccine-associated cases, it is important to em
phasize the hazards ofadministering live vaccines to persons
with immune-system problems. These include not only pa
tients with immunodeficiency disease but also persons with
altered immune states resulting from other diseases or from
immunosuppressive therapeutic procedures. In the United
States during 1%1-1971, there were 73 poliomyelitis cases
among vaccine recipients and 37 cases among contacts.
Nearly 10% of these cases were in persons with immune
system disorders, an incidence almost 10,000 times greater
than in normal persons.(421) Cases associated with vaccina
tion in persons with immune-system problems have con
tinued to be reported, with ten additional patients identified
in the nation through 1976.(33.420)
Without discounting the tragedy involved for the indi

vidual child and family who suffer in the exceedingly rare
instance when an immunodeficient child encounters and suc
cumbs to infection by vaccine or vaccine progeny virus, it
must be recognized that some of these children are notori
ously subject to infection-which is frequently fatal-by a
wide variety of normally benign or avirulent agents. (396.434)
Clearly, if compromised immune-system function is known
oreven suspected in potential vaccinees or their siblings, live
poliomyelitis vaccine should not be given. However, unless
other circumstances have brought the condition to light, such
an immune-system problem is usually not known by the time
the fITSt routine vaccine doses are given at about 2 months of
age.

9.3. Conclusions on Polio Vaccines and Their Future
Use

The advantages and disadvantages of killed and live
polio vaccines need to be weighed with respect to the particu
lar setting in which a vaccine is used. Since killed vaccine has
proved to be effective in preventing poliomyelitis outbreaks
in small countries with very competent and thorough vac
cination programs, there may be little reason for them to
change. But by the same token, since live-virus vaccines
have been working superbly for more than 25 years in the
United States, the U.S.S.R., most otherEuropean countries,
the United Kingdom, Australia, and Japan,(359) and more

recently in China(68) and many other countries around the
world, it would be unwise to interfere with these programs,
which involve hundreds of millions of persons.
If a nation elected to recommend a change from live to

killed vaccine for general use, a new and untried situation
would exist in that country's defenses against poliomyelitis.
Urgent newquestions would have to be raised that have never
been fully answered in the particular national settings con
cerned, especially in large countries with voluntary health
systems: Would individuals maintain their immunity ade
quately by returning for repeated booster injections? Would
immunity induced by killed vaccine, even if sufficient to
protect the individual from paralytic poliomyelitis, be able to
block the circulation of wild viruses in large and mobile
populations as effectively as the live vaccine? Would the
extra costs for vaccine, for its administration, and for repeat
ed booster inoculations be justified? In nations in which live
vaccine has already proved to be effective and safe, are there
not other health programs far more urgently in need of the
extra funds that would be required for implementation of a
killed polio vaccine program?
There is considerable question as to whether the United

States could ever achieve the high levels of over 90% polio
vaccine acceptance that have been characteristic of those
countries that depend on killed virus vaccine. In the United
States, immunization ultimately depends on the initiative of
the family in seeking care either from a private physician or
from a public-health clinic. Furthermore, it is difficult to
hope that so large a proportion of families would maintain the
needed schedule for repeated killed vaccine doses and boost
ers in a mobile population in which a young family is quite
likely to move several times during a child's preschool years,
changing physicians at each move. These reservations and
concerns have been reemphasized in The Lancet. in which
several letters were submitted(60, 110.273) in response to the
many publications arguing for extension of the use of killed
poliovirus vaccine, with implications that developed nations
currently using live vaccine should change over to the killed
poliovirus. (73.340,341)

In some tropical areas where it is known that live po
liovirus vaccine has been repeatedly and fully administered
to a large proportion of the childhood population and none
theless has not provided 100% protection, killed-virus vac
cine can be incorporated into the initial schedule of the p0

liovirus vaccination programs. (228) Alternatively, considera
tion could be given to a two-dose schedule with the new,
potent IPV administered 6 months apart along with other
childhood vaccines by mobile field health units going regu
larly into remote rural areas, as in a trial conducted in Sene
gal. (365) Further experience is necessary to determine
whether such an immunization program can be regularly pur
sued and whether adequate protection can be achieved and
maintained so as to bring poliomyelitis under complete con-



trol. Indeed, with the current availability of potent killed
virus polio vaccines, a single dose at 2 months of age, fol
lowed by the regular course of live polio vaccine, not only in
tropical areas but also in developed countries, should be
sufficient to protect children against wild polioviruses and
also from the minimal risk of vaccine-associated paralytic
poliovirus as a result of live-vaccine virus reversion.
The comparisons and choices between killed-virus and

live-virus poliovaccines may become unnecessary in the fu
ture, as new types of vaccines are developed. The available
vaccines are made from either killed virus or attenuated live
virus. The killed-virus vaccine has been improved in potency
by using purified and concentrated virus as a source of anti
gen, but it has not yet proven to be able to eliminate poliomy
elitis in large regions of the world, and it seems to be too
expensive for the developing nations. Attenuated vaccine
contains a virus with the undesirable property ofmutability,
which needs constant meticulous monitoring during its man
ufacture and specialized laboratory-assisted epidemiologic
surveillance in its field use.
Since poliovirus nucleic acid has been analyzed and the

amino acid sequence is known, one approach has been to
prepare a vaccine that contains no viral nucleic acid but only
selected polypeptides that are immunologically active. The
major neutralization epitopesofpoliovirus types I and 3have
been located in the amino acid domain of viral capsid poly
peptide I (VPI).(263.380)
Type 3 epitopes have been thoroughly studied.(83.263)

An octadecapeptide, containing amino acids 89-100 from
the N terminus and with added cysteine residues, induced
high levels of type-specific neutralizing antibodies in rabbits.
As with a previously synthesized immunogenic hepatitis B
polypeptide,(70.225) confrrmation through the use of cysteine
residues as well as specific amino acid sequence played arole
in creating the antiviral antigenic properties of the pep
tides.(83) For type I poliovirus, a major neutralization epi
tope has been identified in a similar region, namely, amino
acid residues 93-104 of VP1.<78.422)
Recombinant DNA techniques have also opened the

way to prepare, in Escherichia coli, polypeptide vaccines
containing only the essential immunogenic components. For
aDNA virus like hepatitis Bvirus, the essential portionofthe
viral genetic material can be inserted into an E. coli plasmid
or phage. For an RNA virus like poliovirus, the complemen
tary DNA (cDNA) of the virus is first prepared from viral
RNA by use of the reverse transcriptase enzyme.(316.317) The
entire cDNA ofpoliovirus, or a part of it, is then inserted into
the phage for replication inE. coli. Subsequent transcription
and translation of the viral genetic material under controlled
conditions should yield the desired polypeptide vaccine free
of any poliovirus nucleic acid.

In addition to yielding antigenic proteins, recombinant
DNA technology can produce infectious virus with tailored,
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desired properties. As an example, complementary double
stranded DNA (cDNA) copies of three fragments of p0
liovirus RNA were synthesized and inserted into a bacterial
plasmid. Three clones were derived that together provided
DNA copies the length of the entire viral genome. The three
cDNA clones were joined to produce a single cDNA copy of
the entire poliovirus genome within the bacterial plasmid
pBR322. When monkey or human cells were transfected
with this hybrid plasmid, complete infectious virus was
produced.(317)

We can now look forward to experiments in which the
cloned cDNA is mutagenized to generate defined poliovirus
mutants with specific alterations in the genome. Recombi
nants have been constructed from parental viruses belonging
to different poliovirus serotypes.(6) Recombinants also have
been made from virulent and attenuated strains of the same
serotype,(7) and the part of the viral gene responsible for the
attenuated phenotype has been identified. The availability of
such mutants and recombinants will not only expand our
knowledge of poliovirus genetics but also should make it
possible to plan and manufacture totally attenuated vaccines
that can no longer revert to virulence because the virulence
genes would have been deleted. When such vaccines become
available for widespread use, they may be able not only to
block infections with wild polioviruses but also to replace
them in nature. If this can be accomplished, then it could
herald the end of paralytic poliomyelitis.

9.4. Social Aspects of Polio Vaccine Administration

In most countries in which polio vaccine is administered
widely and properly, circulation of wild polioviruses has
been suppressed.(169) But these viruses have not been elimi
nated from the world. The existence of virulent wild po
Iioviruses that can be imported all too easily into even the
most fully vaccinated countries has been demonstrated in the
1978 outbreak in the Netherlands,(346) from which the epi
demic virus spread to Canada(93) and subsequently, in 1979,
to the United States.(34) All three outbreaks in 1978-1979
were in subpopulations inadequately vaccinated or unvacci
nated because of religious beliefs. In 1984-1985, a well
vaccinated country, Finland, experienced an outbreak in
which some fully vaccinated persons developed paralytic
polio'<I40.157.192) Even if the future may hold hope for world
wide eradication of poliomyelitis, at present the most that
any region or nation can achieve is elimination ofthe disease,
and perhaps elimination also of endemic virus circulation,
within its borders. Virulent wild polioviruses, endemic in
many parts of the world and still producing many thousands
of cases each year, remain a real and present danger.
Although local secretory antibody or an •'immunologic

memory" may indeed provide protection even when cir-
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culating antibody cannot be detected,(293.340) the threat from
imported wild virus seems to call for fmner and more assured
lines of defense. Furthermore, there remains some question
as to whether, if antibodies are undetectable, an "immu
nologic memory" would function rapidly enough, and with a
sufficiently broad response, to produce a solidly protective
antibody defense in the face of an infection by a virulent wild
virus.(89.90.336) This would be particularly of concern if the
wild virus were one like the Finnish type 3 strains of 1984
1985, which displayed wide antigenic differences from the
type 3 vaccine strain. (140) It is thus misleading to assume that
adequate protection is present when serum antibody cannot
be demonstrated.
At least two factors contribute to the development of

deficiencies in the immune status of populations: (I) failure
to obtain proper vaccination, which can lead to the develop
ment of pockets of susceptibles even within a "well-vacci
nated" community; and (2) decline of antibody levels in
individuals with passage of time after vaccination. Declining
antibody titers may become even more common as wild virus
circulation is reduced or eliminated. If the trend continues or
increases for less solid immunity among children, the way
could become open for spread of imported viruses. Thus, if
wild polioviruses are introduced, they could circulate widely
in the general population, with outbreaks in which paralytic
poliomyelitis could once again become prevalent, including
nonimmune adolescents and adults. Immunity levels in all
age groups can and should be monitored by periodic
serological surveys to detect conditions of risk before polio
myelitis epidemics reappear. Because a large proportion of
poliovirus infections are silent and subclinical, imported vi
ruses could become widely disseminated before the first sign
of their presence appeared in the form of paralyzed children
and adults. Such epidemics would be even more tragic than
those of the 1940-1950 era, for now-with the means of
prevention readily at hand-a resurgence of paralytic polio
myelitis would reflect not "vaccine failures" but social
failures. The central-city poverty areas depend chiefly on the
public sector for health-care delivery. More effective efforts
by both public and private-practice health professionals are
needed to contribute toward community awareness of what
care is available, when and how it can be obtained, and why it
is needed.
Once considered a disease of the temperate zones, po

liomyelitis is now far more prevalent in tropical countries.
But excellent vaccines are available, and sufficient knowl
edge now exists to allow the vaccines, usually alone but
sometimes in combination, to be used with a high degree of
effectiveness in all environments.(46) In areas where the
disease still flourishes, those responsible for public health
should intensify their efforts to mount well-targeted immu
nization campaigns. In a number of developing nations with
populations that are entering the epidemic phase ofpoliomy-

elitis, determined efforts in immunization programs(411) are
yielding good results in reducing the incidence of paralytic
poliomyelitis.
A 1985 status report of the Expanded Programme on

Immunization of the World Health Organization(414) indi
cates that the immunization coverage with three doses oforal
polio vaccine is decidedly improved, reaching a worldwide
average of 44% of the children in the developing countries.
The figures for different WHO regions vary widely, from
12% in some regions to 70% in others. Although the level of
vaccine coverage is far from ideal, it represents a marked
advance over the situation of only a few years ago, when
scarcely any vaccine was reaching children in many of these
regions. Nonetheless, the report also emphasizes that para
lytic polio is still occurring in 1985 in these countries at an
annual rate of 265,000 cases.

9.5. Nonspecific Control Measures for Poliomyelitis

It is not possible to list rules for the prevention of polio
myelitis other than vaccination. Quarantine either of patients
or of exposed family or intimate contacts is ineffective in
controlling the spread of the disease. This is understandable
in view of the large number of inapparent and therefore unre
cognized infections that occur during an epidemic.
During epidemic periods, children with fever should be

given bed rest. Undue exercise or fatigue should be avoided,
especially if there is any suspicion of involvement of the
nervous system. Elective nose and throat operations and den
tal extractions should be avoided. Children should not travel
unnecessarily to or from epidemic areas. Food and human
excrement should be protected from flies. Once the po
liovirus type responsible for the epidemic is determined,
type-specific monovalent oral polio vaccine should be ad
ministered to susceptible persons in the population.
Patients with poliomyelitis can be admitted to general

hospitals provided that the hospital regulations are followed.
All pharyngeal and bowel discharges are considered infec
tious.

10. Control of Other Enterovirus Infections

For the nonpolio enteroviruses, no specific control mea
sures are known. Avoidance of contact with patients exhibit
ing acute febrile illness, especially those with a rash, is
advisable for very young children. Members of institutional
staffs responsible for caring for infants should be tested to
determine whether they are carriers of enteroviruses. This is
particularly important during outbreaks among infants.
There have been numerous reports of serious and even

fatal enterovirus infections of newborns, both in nursery out-



breaks and as sporadic infections believed to have been ac
quired at birth from a contaminated cervix. A number of
different echovirus serotypes (notably echovirus 11) and sev
eral coxsackieviruses of the B group have been associated
with severe generalized infections of neonates. Hospital per
sonnel need to be particularly alert to even"minor illnesses"
compatible with enterovirus infections inmothers delivering
babies who enter newborn nurseries or special units, and the
staffmembers of these units also need to be constantly aware
of the possible hazards introduced by their own "minor
illnesses. "(269)

An avenue of infection not routinely considered in
avoiding nosocomial infection is oral-oral transmission
from the hands of health care personnel during mouth care
and gavage feeding procedures. Such a route has been
strongly suggested in a study of outbreaks of coxsackievirus
B4 infections in wards for children with severe neurological
handicaps.(155) The same route should also be considered
with neonates and others in special-care situations.
For most enteroviruses, quarantine of patients is not

effective. This is understandable in view of the large propor
tion ofenterovirus infections that are inapparent, and the fact
that these infections usually spread very rapidly to nonim
mune close contacts. However, in the case ofenterovirus 70,
for example, a degree of control can be achieved. If virus
induced acute hemorrhagic conjunctivitis is present in the
community, its ability to be transmitted by fomites must be
considered. Extra precautions in eye clinics are indicated, as
well as excluding children from school if they are infected or
known to have been exposed. Such hygienic precautions as
avoidance of touching a virus-infected eye or sharing towels
have been judged to be helpful in limiting explosive
outbreaks. (303)
Another means of control in special circumstances is to

provide passive protection with commercially available "'(
globulin. It may be considered for infants threatened by se
vere nursery outbreaks of infection by group B cox
sackieviruses, and it has been protective against other serious
enteroviral diseases, e.g., in halting an outbreak ofechovirus
11 infections in a special-care unit for hospitalization of es
pecially vulnerable infants such as premature infants or in
fants undergoing surgery. (274)
"'(-Globulin has also proven useful in treating immu

nodeficient children with a chronic enterovirus infection of
the CNS.(208)

11. Unresolved Problems

Although many of the unresolved problems concerning
the enteroviruses are described or implied in the foregoing
presentation, Ihis section is included to emphasize their im-
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portance to persons concerned with public health and epi
demiology, who may be ideally situated to contribute
uniquely toward solutions for the numerous problems that
still remain.
Answers are needed to the "social failures" of vaccine

delivery; to the epidemiologic consequences ofa highly suc
cessful polio vaccine program for one segment of the popula
tion while another segment is placed at higher risk by reduc
tion of natural infection at an early age; to the present and
potential problems of viruses in drinking and recreational
water and the need for public awareness and support of new
water-treatment methods that would permit safe recycling of
this limited and dwindling resource; and to the possible role
of enteroviruses in diseases such as diabetes and car
diovascular disorders, both acute and chronic. We must be
alert to the possibility that infections with nonpolio entero
viruses might undergo a shift in age incidence, involving a
consequent increase in severity of the illnesses that they
cause, in parallel with that which took place with the po
lioviruses in the late 19th and early 20th centuries. For exam
ple, enteroviruses that appear to be increasingly involved
with CNS disease, such as enterovirus 71 and certain echo
viruses, will need to be studied more fully and watched
epidemiologically.
The relative freedom that the Western Hemisphere had

thus far enjoyed from acute hemorrhagic conjunctivitis (an
enterovirus-70 disease) cannot be taken for granted-as was
demonstrated in 1981 (see Section 5.2.2). Health care per
sonnel-most particularly those dealing with eye examina
tions-must be alert for the onset of any outbreak. In any
large pandemic of this infection, besides the temporarily in
capacitating eye disease, the likelihood of a certain small
proportion of more serious CNS complications must also be
recognized.
Despite the availability of effective vaccines, poliomy

elitis can be expected to be a continuing problem in develop
ing countries in tropical areas as well as in low so
cioeconomic groups of developed countries. Even in
countries where vaccine is being more widely used, there
remains the question of why live vaccine has been more
successful in some tropical areas than in others. Is the prob
lem chiefly interference by other enteroviruses, persistent
diarrhea, nonspecific inhibitors, or other unknown host fac
tors that have limited vaccine effectiveness? Or is it the exis
tence ofmassive exposures of infants in the very first months
of life to virulent polioviruses, either indigenous or regularly
imported? The major determinants of whether poliomyelitis
infection and disease will be controlled are no longer the
local presence or absence of wild virus. Instead, control de
pends on the immunization practices of the country and the
degree to which effective and long-lasting immunity has
been induced in all segments of the population, withoutleav
ing unimmunized or incompletely immunized pockets ofsus-
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ceptibles who remain at risk. Eradication of poliomyelitis is
beginning to be viewed as a possible future goal, but this
should not lead to slackening of immunization efforts. At
present, wild virulent polioviruses can all too easily be im
ported into a supposedly polio-free country, and vigilant
maintenance and expansion of vaccination programs will be
required for a long time yet. Monitoring to ensure that levels
of immunity remain sufficient should not consist merely of
being alert for the occurrenceof •'sentinel" clinical cases but
instead should be determined by periodic serum surveys to
determine the distribution and level of antibody in the
population.
Development of vaccines for selected nonpolio entero

viruses is technically possible. It may be wise to look toward
having such vaccines available for certain of these agents,
particularly coxsackieviruses of the B group that have a rec
ognized role not only in diseases of the eNS but also in
myocarditis of infants and even in adult cardiovascular disor
ders. Such vaccines may not appear to be required for wide
spread use in any entire population but could be important for
specifically targeted groups at high risk.
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