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Abstract

Poliomyelitis is an acute paralytic disease caused by
three poliovirus (PV) serotypes. Less than 1% of PV
infections result in acute flaccid paralysis. The disease
was controlled using the formalin-inactivated Salk polio
vaccine (IPV) and the Sabin oral polio vaccine (OPV).
Global poliomyelitis eradication was proposed in 1988
by the World Health Organization to its member states.
The strategic plan established the activities required
for polio eradication, certification for regions, OPV ces-
sation phase and post-OPV phase. OPV is the vaccine
of choice for the poliomyelitis eradication program be-
cause it induces both a systemic and mucosal immune
response. The major risks of OPV vaccination are the
appearance of Vaccine-Associated Paralytic Poliomyelitis
cases (VAPP) and the emergence of Vaccine Derived
Polioviruses strains. The supplementary immunization
with monovalent strains of OPV type 1 or type 3 or with
a new bivalent oral polio vaccine bOPV (containing type
1 and type 3 PV) has been introduced in those regions
where the virus has been difficult to control. Most
countries have switched the schedule of vaccination by
using IPV instead of OPV because it poses no risk of
vaccine-related disease. Until 2008, poliomyelitis was
controlled in Romania, an Eastern European country,
predominantly using OPV. The alternative vaccination
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schedule (IPV/OPV) was implemented starting in Sep-
tember 2008, while beginning in 2009, the vaccination
was IPV only. The risk of VAPP will disappear worldwide
with the cessation of use of OPV. The immunization for
polio must be maintained for at least 5 to 10 years us-
ing IPV.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Poliovirus (PV), an enterovirus belonging to the Picor-
naviridae family is the etiological agent of poliomyelitis,
an acute paralytic disease. This disease results from lower
motor neuron damage and is characterized by asymmetric
persisting weakness (flaccid paralysis). The transmission
of this virus during ancient times was suggested after the
studies on Egyptian mummies, which showed a short-
ening of a lower limb in a child. In 1789, in the second
edition of A Treatise on Diseases of Children, Michael Un-
derwood described the disease as “debility of the lower
extremities in children”". He did not record any refer-
ence to outbreaks of this disease.

Badham described an acute paralysis suggestive of
poliomyelitis in four children in 1835. In 1840, Heine"
published a monograph where poliomyelitis was recog-
nized and defined as infantile spinal paralysis. Duchenne
in 1855, then Charcot ef /" in 1870, located the atrophy
in the anterior horns of the spinal grey matter. This find-
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ing gave rise to the pathological term “poliomyelitis”
from the Greek polios for “gray” and myelos for “spinal
cord”. In 1875, Erb introduced the term ‘“‘acute anterior
poliomyelitis”. Medin first reported the epidemic form
of this disease in 1890, after an epidemic of 44 cases in
Stockholm in the summer of 1887. He recognized a sys-
temic phase of the disease which often failed to progress
to neurological paresis and developed the classification of
that. Wickman introduced, in 1907, the eponym “Heine-
Medin disease” to honor Medin’s contributions. Putnam
et al” recorded the earliest descriptions of epidemic po-
liomyelitis using basic epidemiological methods in 1893,
by Caverly"” in 1894 in the United States and by Wickman
in 1905 in Sweden. By the epidemiological studies con-
ducted between 1910 and 1912 during epidemics in the
United States, Frost found a widespread exposute to po-
liomyelitis but a low incidence of clinical disease to those
susceptible to infection. During the epidemic in the north
eastern United States in 1916, the role of asymptomatic
persons in the spreading of infection was recorded by the
Public Health Service. This epidemic caused widespread
panic; over 27 000 persons were reported to have been
paralyzed, with 6000 deaths.

The polio outbreaks gradually became more severe,
more frequent and widespread throughout Europe and
the United States at the beginning of the 20th century.
The epidemiology of PV was gradually understood. The
model of polio spread was irregular and many patients
had no direct contact with a known source. In 1905,
Wickman first recognized that poliomyelitis was an in-
fectious disease. Landsteiner and Popper demonstrated
in 1909 that the etiological agent of poliomyelitis was a
filterable virus. They transmitted the disease to a Cyno-
cephalus monkey by intraperitoneal injection of neural
tissue from a human fatal case. In 1910, Flexner sup-
posed that the PV was strictly neurotropic. He thought
that PV entered the human body via respirationm, a
hypothesis that was later disproved. Howe and Bodian
considered the possibility of the oral alimentary route
of polio infection during the 1930, In the late 1930s,
Armstrong produced experimental poliomyelitis in mice.
It was an advantage for the study of PV and for the de-
velopment of a neutralization test in order to measure the
antibodies. The assumption that there is more than one
type of PV was launched by Burnet and Macnamara in
1931 and confirmed by Paul and Trask by observation in
monkey experiments. The three distinct types were identi-
fied by a prototype strain, Brunhilde (type I ), Lansing
(type 1) and Leon (type IM)". The concept of poliomy-
elitis as an enteric infection had begun in 1932, when Paul
and Trask found the virus in feces and recovered virus
over a period of weeks from patients and healthy con-
tacts. In 1936, Sabin and Olitsky reported that PV could
be successtully grown 7 vitro in human embryonic neuro-
nal tissue fragments cultivated in glass vessels. By sewage
water testing in New York during periods when paralytic
polio was prevalent, a ratio of 100 subclinical infections
for every paralytic case was estimated"”. In the 1950s, it
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was established that PV could be isolated from flies col-
lected during epidemics. By the studies in the laboratory
with flies emerging from maggots, no evidence of virus
multiplication was recorded. In 1949, Enders, Weller
and Robbins successfully cultured the Lansing strain in
nonneuronal tissue culture, leading to the capacity to
produce the virus safely and in sufficient quantity, thus
opening the way for production of viral vaccines. The
serological studies about serum antibodies against PVs in
underdeveloped countries showed that once exposed and
infected, even asymptomatic persons were immunized for
life. In developed countries, children living in crowded ar-
eas acquired infection at an eatlier age than children from
higher socioeconomic levels. By 1952, serological studies
established that the antibodies against PV were present
in the patient shortly after the onset of the disease and
increased during convalescence. In 1952, a field trial con-
ducted by Hammon showed that passive immunization
by v globulin administration assured protection against
disease for only about 2 to 5 wk. Summer transmission
of infection was associated with increased quantities of
PV in sewage watet. Two phases of disease, the gastroin-
testinal infection followed by viremia, and CNS invasion
were confirmed by laboratory studies.

DEVELOPMENT OF PV VACCINES

In 1935, Brodie tried an inactivated vaccine with 10%
formalin suspension of PV taken from infected monkey
spinal cord; he tried it first on 20 monkeys, then on 3000
Californian children. The results were poor and addi-
tional human studies were never performed. In the same
year, Kollmer tried a live attenuated virus consisting of a
4% suspension of PV from infected monkey spinal cord,
treated with sodium ricinoleate. He used it on monkeys
and then on several thousand children. The acute pa-
ralysis occurred in about 1/1000 vaccines shortly after
administration and some cases were fatal.

The discovery that the various antigenic strains of
PVs could be grouped into three distinct viral types and
the propagation of the PV ix vitro led to the develop-
ment of the vaccines against poliomyelitis: the formalin-
inactivated vaccine (IPV) by Jonas Salk (1953) and the
live-attenuated vaccines (OPV) by Albert Sabin (1956)".

IPV

The first inactivated polio vaccine (IPV) was produced
by Salk using virus grown on monkey kidney cells and
inactivated with formalin. In 1954, the inactivated vaccine
was tested in a placebo-controlled trial, which enrolled
1.6 million children in Canada, Finland and the United
States'". In April 1955, Salk’s vaccine was adopted
throughout the United States. The incidence of paralytic
poliomyelitis in the United States decreased from 13.9
cases per 100 000 in 1954 to 0.8 cases per 100 000 in
1961™. Some disadvantages of the Salk vaccine in that
time were the decrease of the titres of the circulating an-
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tibody within a few years of vaccination, the further cit-
culation of wild PV and its implications in outbreaks, and
the large number of monkeys (about 1500) needed to be
sacrificed to produce every 1 million inactivated doses.
The strains of virus used in the vaccine were Mahoney
(type 1), MEF-I (type 2) and Saukett (type 3). Shortly after
the licensing of Salk vaccine, the failure of inactivation
of vaccine virus at Cutter Laboratories, Berkeley, was fol-
lowed by 260 cases of poliomyelitis with PV type 1 and
10 deaths. The supposition was that the virus was resist-
ant to inactivation by formaldehyde because it contained
more foreign proteins than optimal or that the virus may
have clumped. A second filtration step was introduced
in the production process in order to remove aggregates
that may have developed during treatment and safety
tests were improved. The use of the highly virulent Ma-
honey strain in vaccine production has been controversial
and after the Cutter incident, even more so. In Sweden,
the Brunenders strain for type 1 was preferred. In 1980,
concentration and purification of polio antigens were
introduced into the manufacture of IPV and the im-
munogenicity of the vaccine was increased. The original
IPV contained 20, 2 and 4 D antigen units of PV types 1,
2 and 3. Van Wezel introduced a technology to produce
enhanced potency IPV. He decided to concentrate and
purify the virus before treatment with formalin. Since
this procedure has been introduced, no failure in the
inactivation process has been recorded. By the introduc-
tion of a new culture technique using cells on microcat-
rier beads in suspensions cultured in large stainless steel
tanks, a more potent IPV containing 40, 8 and 32 D
antigen units of types 1, 2 and 3 was produced"*'?. Trials
with this enhanced IPV (eIPV) showed greater than 90%
seropositivity against all 3 PV types after one dose and
100% seropositivity after two doses"". An enhanced-po-
tency IPV was licensed in the United States in 1987, with
a good response to types 1 and 3 for cither a 4 or 8 wk
interval between doses and after 8 wk to type 2. The rec-
ommended schedule of vaccination in different countties
contains 4 IPV doses in the primary series received at
2,4, 6 and 15-18 mo of age™ and a booster dose at age
4-6 years. For an optimum booster response, a minimum
interval of at least 6 mo is needed between dose 4 and 5.
In IPV vaccines, pharyngeal infection by PV is inhibited
and intestinal excretion is reduced.

opPVv

The development of the attenuated PV vaccine starts
with passages of PV strains in rats and mice followed by
passages in the cell culture. The reduction of the viru-
lence of the PV strains was recorded in 1946 by Theiler,
who passaged the Lansing strain in rats and mice more
than 50 times and by Enders, Weller and Robins, who
passaged the same strain in cell culture.

Candidate strains of attenuated PV suitable for im-
munizing humans were developed independently in the
United States by Koprowski (Wistar Institute, Philadel-
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phia), Cox (Ledetle Laboratories) and Sabin (the Children’s
Hospital Research Foundation).

In 1950, Koprowski began experiments with a rodent-
adapted type 2 PV that had been fed to a small group in
California. He, Cox and their associates had fed millions
throughout the world with the three types of viruses'"”.
The isolation of PV with the properties of the Cox strain
from the brain tissue of the dead father of a vaccinated
child was followed by the withdrawal of this strain™

In 1960, Sabin described, in an article published in
JAMA, Live, orally given poliovirus vaccind™”, the results ob-
tained with his newly developed trivalent oral vaccine to
26 033 children from a city of 100 000 people in South
America. Because the strains developed by Sabin pro-
vided good antibody levels and were less neurotropic for
monkeys, they were selected and licensed between 1961
and 1963 in the United States for widespread application.
The first nationwide polio vaccination campaign was in
Cuba, in 1962%. During a meeting in 1956 between Sa-
bin and Chumakov, Sabin provided his experimental re-
sults and his strains of polio vaccine to Chumakov, who
began to produce it for use in his country. A few million
children from Estonia and Lithuania (part of the Soviet
Union at that time) received this vaccine by 1959 and it
was a success story that contributed to the recommenda-
tion for license of the three monovalent strains devel-
oped by Sabin®’.

Sabin’s OPV consists of three live attenuated Sabin
poliovirus strains, obtained by sequential iz vitro and in
vivo passages of the wild strains. The virulent strains P1/
Mahoney/41, P2/P712/56 and P3/Leon/37 served as a
source for the attenuated Sabin strains: P1/Lsc,2ab, P2/
P712,Ch,2ab and P3/Leon,12aib.

At the beginning, the trivalent OPV contained the
three PV types in equal proportions but lower serocon-
version rates to types 1 and 3 were recorded. By using a
balanced formulation of trivalent OPV which contained
10°, 10° and 10 TCID50 (50% tissue culture infective
dose) of Sabin types 1, 2 and 3, the neutralizing antibod-
ies against all three PV types were detected in almost all
persons. Increasing the amount of type 3 virus in the
trivalent vaccine improved the immunogenicity[24] and the
Expanded Program on Immunization Global Advisory
Group recommended a formulation of trivalent OPV
which contained 10°, 10°, 10* TCID50 of Sabin types
1, 2 and 3 per dose™
administrate and had a herd effect, inducing long-lasting
protective systemic, humoral and cellular immunity as
well as local mucosal resistance to PV infection. In 1972,
Sabin donated his vaccine strains of PV to the World
Health Organization (WHO), increasing the availability
of this vaccine to developing countries. From 1977 to
1995, the percentage of all children in the world who re-
ceived the required three doses of OPV in the first years
of life increased from 5% to 80%.

The major risks of OPV vaccination are the appear-
ance of Vaccine-Associated Paralytic Poliomyelitis cases
(VAPP) and the emergence of Vaccine Derived Polio-

. The OPV vaccine was easietr to
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viruses strains (VDPV), the OPV strains having more
than 1% nucleotide divergence from the original vaccine
strains in the VP1 coding region of the genome. The
appearance of VAPP cases is due to the reversion to neu-
rovirulence of the vaccine strains. During replication in
intestine, the OPV strains can undergo genetic variation
by point mutations at an average frequency of 10" due
to RNA polymerase or through natural recombination.
The incidence of VAPP for immunocompetent children
receiving their first dose of OPV was estimated at one
case per 750 000 doses and one case per 6.9 million sub-
sequent doses®™. Type 3 was the most common isolate
associated with paralysis in vaccine recipients and type
2 was associated with paralysis mostly among contacts
of cases. The VDPV strains could be circulant (cVDPYV,
which can spread in populations with low level of vaccine
coverage), could emerge after replication in immunode-
ficient persons exposed to OPV (1VDPV), or could be
ambiguous VDPV (aVDPYV, when they are isolated from
immunocompetent persons or the environmental source
has not been identified). One dose of OPV produces
immunity against all three PV serotypes in approximately
50% of recipients; three doses produce immunity in
more than 95% of recipients.

MIXED IPV AND OPV

To eliminate the risk of VAPP among OPV vaccine re-
cipients, the sequential schedule IPV/OPV was used in
the world. However, the preimmunization of infants
with two doses of IPV at 2 and 4 mo followed by two
doses of OPV delivered at 18 mo and at 4 to 6 years did
not eliminate the risk of VAPP among contacts of vac-
cines.

POLIO VACCINATION IN ROMANIA

In Romania, an Eastern European country, between 1927

and 1960 the evolution of poliomyelitis was sporadic and
epidemic. The incidence of paralytic poliomyelitis in Ro-
mania decreased from 10 cases per 100 000 in 1949 to 0.1
cases per 100 000 by the mid 1980s by using inactivated
PV vaccine in 1957 and oral PV vaccine in 1961. Polio
vaccination started in 1957, with Lepine vaccine manufac-
tured by the Pasteur Institute of Paris, but did not include
the whole infant population (or even the entire contingent
of children born in that year) and was followed in 1959
by IPV produced in USSR, with which all babies were
vaccinated (two doses at a 2 mo interval). The success
of the use of OPV, which determined the elimination of
polio epidemics in many countries, led to the decision to
use this new type of polio vaccine in Romania. First, the
vaccine was bought from USSR and the entire Romanian
population under the age of 30 years received this vac-
cine between 1961 and 1962. Cantacuzino Institute of
Bucharest began the production of OPV in 1962, first
using the vaccine seed virus received from the Poliomy-
elitis Research Institute in Moscow and later (since 1967),
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the vaccine seed virus was received directly from Sabin.
Between 1961 and 1963, infants received a first dose of
IPV and then OPV. Beginning in 1964, the trivalent oral
vaccine stabilized with magnesium chloride prepared by
the Cantacuzino Institute was used for widespread im-
munization in Romania. The administration of oral polio
vaccine took place in annual national campaigns from
1961-1978. A few years after OPV was widely used, the
incidence of paralytic poliomyelitis declined dramatically
but VAPP cases began to appear. In 1974, the WHO
approved the Cantacuzino Institute as an OPV produc-
tion facility. Since 1970, Romania has participated for over
15 years with 11 other states on a WHO collaborative
study on the risk of VAPP cases and the risk was the
highest in this country. The health authorities from Ro-
mania decided in 1978 to stop the use of existing vac-
cine stocks (prepared with WHO seed viruses received
in 1974) and to use a new WHO-B virus seed (Behring).
This seed virus was to be available in summer 1978 but
due to problems with preparation and especially control
of seed, WHO-B viruses were distributed by the WHO
only beginning at the end of 1979. Due to this problem,
between July 1978 and March 1980, vaccination was only
with monovalent OPV type 1 with a single dose adminis-
tered to children aged 6 wk. During this period, no case
of paralytic poliomyelitis was recorded in Romania. The
vaccination was resumed with existing vaccine stocks in
April-June. The effects of this 2-year disruption were epi-
demics which occurred during 1980-1982, caused by wild
PV type 1 (161 cases) and type 2 (15 cases). The epidemic
disappeared in the third quarter of 1982. The spreading of
the wild PVs was stopped by an immunization campaign
with trivalent OPV (TOPV). The poliomyelitis epidemic
in Romania from 1980-1982 allowed an important conclu-
sion: the interruption of TOPV vaccination for 2 years
was sufficient to build a contingent of children highly
susceptible to infection with PV, allowing re-implantation
of wild PVs and their active movements, followed by the
emergence of a polio epidemic. In 1983, vaccination cam-
paigns were introduced in spring and fall. The vaccination
schedule was designed so that each child should receive
4 doses TOPV in the first 10 years of life; first dose be-
tween 2 and 7 mo, second dose between 4 and 9 mo, third
dose between 10-15 mo and a booster at 9 years of life.
The vaccination coverage with three doses of TOPV at
age 2 years was more than 90%. From 1983 to May 1990,
no cases of paralytic poliomyelitis caused by wild PV were
recorded. The latest outbreak of wild type 1 PV occurred
between November 1990 and April 1992. The outbreak
involved children from a gypsy community who were
unvaccinated or inadequately vaccinated. Four of 13 wild
PV cases were infected with HIV®". All cases of paralytic
polio that occurred in Romania from 1984-1992 occurred
in children younger than 5 years, which demonstrated that
immunity to the three serotypes of PV was almost 100%
for children older than 5 and adults.

The oral PV vaccine administered in Romania until
September 1990 was produced by the Cantacuzino Insti-
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tute. Because of a high rate of vaccine associated para-
Iytic poliomyelitis reported from 1970-1984, beginning in
November 1990, an oral vaccine approved by the WHO
was imported and replaced the Romanian produced vac-
cine®™. However, a case-control study demonstrated that
the cause of elevated risk of vaccine associated paralytic
poliomyelitis in Romania was not the PV vaccine manu-
facturer but the administration of multiple intramuscular
injections of antibiotics within 30 d of receipt of OPV,
which increased the risk of paralysis by a factor of 2 to
10 fold™. A decrease of the risk of VAPP was obtained
by a reduction of parenteral treatment in recipients of
OPV and by the change of the administration schedule
of oral polio vaccine from 2 campaigns of two rounds, to
throughout the yeatr vaccination since April 1995. From
1992-1994, a project of the Ministry of Health supported
by the Marcel Merieux Foundation demonstrated the
feasibility, safety and high immunogenicity of sequential
use of enhanced-potency IPV followed by OPV in 1 of
the 41 counties in Romania™”. Until 2008, poliomyelitis
was controlled in Romania by predominantly using OPV
administered at 2, 4, 6, 12 mo and a booster at 9 years
of life; the alternative vaccination schedule (IPV/OPV)
was implemented starting in September 2008 and at the
beginning of 2009, vaccination with IPV only was decid-
ed™. The reported vaccination coverage with 4 doses of
TOPV in the first 14 mo of life has been more than 90%
since 1980. The risk of VAPP decreased from less than
2 VAPP cases per year in 1995-2000, to O VAPP cases
since 2007"%. In 2002, 1 mo after Certification of Eu-
ropean region as polio free, a type 1 PV strain, aVDPV
recombinant Sabinl/Sabin2/Sabinl was isolated from a
VAPP case not vaccinated against poliomyelitis and from
8 healthy contacts considered to be at risk™”. In 2008, we
studied the circulation and the biodiversity of enterovi-
ruses in a group of children from a minority population
with low anti-polio vaccination coverage from the same
area where in 2002 a2 VDPV strain was isolated. Evidence
of inter-human circulation of Sabin strains was found"
but no VDPV strain was isolated. The surveillance of at
risk populations from at risk areas and maintenance of
complete vaccine coverage in the population are impor-
tant objectives in the framework of global polio eradica-
tion.

CONCLUSION

With the development and use of vaccines, the com-
plete eradication of poliomyelitis became an objective.
In 1988, the WHO proposed the worldwide poliomy-
elitis eradication to its member states. The Global Polio
Eradication Initiative (GPEI) Strategic Plan established
the activities required for polio eradication, certification
for regions, OPV cessation phase and post-OPV phase.
At the beginning, this plan was based on maintaining of
a high vaccination coverage (> 80%) among children,
the application of supplementary vaccine doses during
national vaccination days (NVD), mopping up vaccina-
tion and implementing effective PV infection surveil-
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lance systems and containment activities. The presence
of susceptible subgroups with gaps in immunization fa-
vors the introduction of wild PV strains in a vaccinated
population. The OPV strains have become the main
instrument for the wild-type PV eradication program
because it induces both a systemic and mucosal immune
response. Most countries have switched the schedule of
vaccination against polio by using IPV instead of OPV.
The advantage of using IPV is that it poses no risk of
vaccine-related disease. The disadvantages for the global
introduction of IPV are its cost, the intramuscular
administration, its inability to produce optimal intesti-
nal immunity and the biocontainment required for its
production. In 2011, 23 years after the decision of the
WHO to globally eradicate poliomyelitis, the wild PV
(type 1 and 3) is still endemic in only four countries: Af-
ghanistan, India, Nigeria and Pakistan. The type 2 wild
PV strain has been eradicated globally since 1999, while
a type 2 circulating vaccine-derived PV (¢cVDPV) has
persisted in northern Nigeria since 2006°”. A plan for
the cessation of routine OPV immunization against type
2 PVs must be devised™. In those regions where the vi-
rus has been difficult to control, supplementary immuni-
zation with monovalent strains of OPV type 1% or type
3" or with new bivalent oral polio vaccine bOPV (con-
taining type 1 and type 3 PV) has been introduced™. In
2008, the GPEI plan was updated in order to overcome
barriers to interruption of wild PV transmission. The
objectives for 2010-2012 are: interrupting wild PV trans-
mission in Asia and Africa; enhancing PV surveillance
and outbreak response; and strengthening immunization
systems. In 2010, an outbreak of wild PV type 1 cases
genetically related to wild PV circulating in 2009 in India
was recorded in Tajikistan, part of the WHO European
Region certified polio-free in 2002, This episode dem-
onstrated that if a region is polio free, the risk of wild
PV importation from endemic regions remains present
until polio is globally eradicated. Because most VDPV
strains implicated in poliomyelitis outbreaks worldwide
are recombinants between OPV strains and non po-
lio enterovirus strains of Human enterovirus species
ct increasing the surveillance of co-circulation and
evolution of polio and non-polio enteroviruses must
be achieved. The risk of VAPP will disappear with the
cessation of use of OPV. Some research programs are
initiated by WHO for obtaining an affordable IPV by
reduction of the necessary antigen dose by intradermal
administration "] by using adjuvantsm and by intro-
duction of Sabin strains as seed™*". In the first 5 to
10 years after global cessation of OPV administration,
the maintenance of immunity to polio by IPV use must
be assured™”.
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