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Appendix 12 Evaluation and recommendations

Questionnaire

«  Questions that were not included were questions for example about smoking and
breasifeeding,

»  Questions about which vaccinations one had received could have better geared to LCR as
some vaccinations were not clear for the participants,

s The question about which specific Protestant Christian religion one practices was found to be
too difficult to answer. Participants, call centre and project team members did not have enough
knowledge on this subject.

o Some questions were not very relevant for babies (e.g. vegetarian, eating raw meat products
and unwashed vegetables).

o Incase a child was adopted it was not clear whether the questions for parents/caretakers were
meant for the biological parents or the adeption parenis,

¢ Not all provinces were included in the sample, e.g. no municipalities were drawn in Friesland
and Drenthe, 1f 2 betler regional representation of the Netherlands would be preferable (e.g.
infectious diseases with large regiona! differences in incidence) then the study design should
be adapted by choosing smaller regions and/or clusters,

»  Municipalities have expanded compared to ten years ago (P1 study), which could have resulted
into a lower response rate, To increase the response rate smaller clusters or mote locations per
municipality should be amanged.

Communication

+ At the start of the project we would have preferred more input from the communication
department of the RIVM,

«  We regret the negative advice from the communication department to bring the P2 project to
public notice in the nationwide newspapers and television.

Contacts with municipalities

» Itis easier (always at the same way and quicker) when RIVM draws the sample from the
population register of a municipality.

s+ It would be preferable to have access to the population registers of all municipalities in the
Nethertands. In that case, we did not have to ask each municipality to draw a sample from its
population register

Contacts with public health services (PHSs)

* The cooperation with the PHSs was good, we think the actions below have contributed to that:

*  Announcement of the start of the P2 project at the LOI meeting,

o Article in bulletin of infectious diseases;

»  Kick-off meeting was organized, which was also accessible for the PHSs
Call centre

s+ For the consistency in the approach of invited Individuals it is important to have the same
group operating during the whole study,

» The communication between call centre and RIVM could be improved, More feed-back was
needed about difficulties experienced by the call centre team members and on how to deal with
those difficulties. This call centre was located in Leeuwarden (contact person lived nearby),
maybe it would have been better if the call centre was Jocated nearer to the RIVM.

Printing office RIVM '
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It was very practical to have the printing office at the R1VM because there were many
situations where the time was Himited or some extra printing had to be done. In most cases this
was possible.

Often several project members had to help with the mailing packages. On the cne hand this
tock a lot of time, on the other hand this created commitment.

Vuinerable, because if the head of the printing office was sick there was no one to replace him,

External medical workers

Good choice, nice and qualified personnel.

It is important to have a good procedure about the work at the clinics and the blood sampiing.
The team member of the RIVM at the clinics should keep an eye on how things are going and
report this at the weekly meetings of the project team members.

PIENTER 2 database

Nice and practical database.

Company, designing the database, was chosen on advice of EMI; we regret that EMI did not
want to build a more general database that could have been used for many other studies.
Communication between company and RIVM was good.

Most difficulties occurred with the import (from municipality and call cenire) and export (fo
call centre and repro) of documents. Probably help of a data manager at the RIVM could have
solved these problems easier. Tt would be preferable to involve a data manager already at the
start of building a database.

Location clinics

Clinics

Next time it would be nice to have a mobile location or to have mare different locations in one
municipality to decrease the travel distance for the participants.

More instructions were needed with copying of vaccination data (vaccination data were not
complete or not readable). Hopefully next time Praeventis (i.e. nationwide database containing
information from all local authorities for registration of vaccinations) can be used for
retrieving vaccination data of the participants.

Better check of date of birth, gender and unanswered questions in the questionnaire.

Materials

More support needed from communication department (e.g. posters).

Over sampling migrants

Sample

Different approach is needed for the migrants than for the indigenous Dutch persons (e.g. fully
translated materials}) as the response was lower in migrants than in indigenous Dutch persons,
We think that the flyer with date, time and address of the consultations hours, a street map with
a photograph of the ¢linics and three photographs for clarifying this study (about blood
sampling, filling in the questionnaire and receiving a gift voucher), which was sent to the
migrants, had increased the response of the migrants.

Wrong addresses especially in the larger citics (movements and many migrants).

Pienter telephone

In the beginning of the study the invited individuals could call the Pienter tetephone during the
whole day and five days per week. During the study we changed this to only mornings. In this
way the project team members were less interrupted in their daily work. Voicemail was
sometimes difficult to analyze.

Should be done by the project team members themselves,

Meetings

Weekly meetings with the project team members were good.

Twice a year a meeting with a larger group of project members about the continuity of the
project, was also adequate.
Other
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External workers were also asked for the blood processing at the lab, which was very helpful.
The day after each consultation hour the gathered materials should be checked on
inconsistencies and solved right away, :
Import of questionnaire answers by import bureau was practical, again better feed-back should
have taken place about difficulties experienced by the import of questionnaire answers and
how to deal with these difficulties.

Vaccination data should have been imported right away (after receiving) and the missing
vaccination data should have been retrieved much earlier (import of vaccination data and
retrieving of vaccination data from the local authorities for registration of vaccination was a
big effort for two project team members and also for the local authorities for registration of
vaccinations). Next time, the day the vaccination was given should also be registered in stead
of only the month and year. Vaccinations which were given after the blood sampling date
should not be imported into the db.

HIV was excluded in the laboratory tests for the following reasons: it was not found ethical as
the test results would be available several years after the blood sampling; it was thought that it
would not be approved by the medical ethical committee; already a lot information is available
on HIV and in the P1 study HIV was also not tested for.
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ERRATUM by report 230421001 (2009): PIENTER 2-project: second research project
on the protection against infectious diseases offered by the national immunization

programme in the Netherlands

In section 3.3.6 in the second paragraph, in Tables 3.11 and 3.12 and in the footnote below
Table 3.11, the abbreviations RB and RC have accidentally been reversed and should be RC
and RB. In the same section in the text below Table 3.10 in the second paragraph three times

the abbreviation RB has been used, which should be RC.

Agreement, 2 March 2010

Dr. M.A.B. van der Sande
Head of the Epidemiology and Surveillance Unit
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Historical ntroduction

* Not since the introduction of rabies vaccine by Louis Pasteur
was public intersst in vaccines stirred as much as by the devel-
opment and testing of inactivated poliovirus vaccine (IPV), and
not since Einstein did a scientist receive the public adulation
accorded to Jonas Salk, the vaccine's inventor Contributing to
this phenomenon were the rise of poliomyelitis as an epidernic
disease, its notoriety with the public (sugmented by the paraly-
sis suffered by US President Franklin Roosevelt), the publicicy
diffused by the March of Dimes Foundation in its cfforts to raise
money for research, and the involvement of hundreds of thou-
sands of US children in the field trial that demonstrated the
efficacy of [PV,

The efficacy trial was organized by Dr. Thomas Francis and
sponsored by the National Foundation for Infantile Paralysis.
1t was a hallmark in vaccinology and the prototype {or many
later efficacy trials.!™ Francis insisted on a double-blind pro-
tocal, with partial success. Of 217 study areas in 44 states,
90 followed a placebo-controlled design, but they involved
419,000 vaccinees and 330,000 placebo recipients, Unblinded
observations were also made on more than 1 million children,
232,000 of whom were vaccinated, The tria] began in April
1954, and the successful results were announced on April 12,
1955, Licensure followed rapidly, with rapid and broad vaccine
adoption,

Nevertheless, in the early 1960s, IPV wes eclipsed by oral
poliovirys vaccing [OPV), except in some northern European
countries, More than 5Cyears after its initial development
I’V is renascent, owing to improvement in its manufacture,
its outstanding safety record, the accelerating disappearance of
poliomyelitis as an epldemic disease, and recognition of both
sporadic vaceine-associated paralytic poliomyelitis {(VAPP| cases
and epidemics of circulating vaccine-derived poliovirus causing
paralysis due to the continuing use of OPV. A large number of
countries have adopted the use of IPV and more are likely to
do so as the world moves toward the eradication of poliovirus.®

The disesase itself is anclent. A farmous Egyptian stele dating
from 1403 to 1365 sc shows a man with flaccid paralysis of a
leg. However, presumably owing to almost universal infection
under the protection of maternal antibodies, only sporadic cases
were described until the 19th century. Early in that century,
small outbreaks were noted in Europe, usually among infants
living in rural areas, In 1870, Jean-Martin Charcot described
the pathologic lesions in the gray matter of the spinal cord, and
in 1890 Oscar Medin described a major outhreak in Sweden,
where epidemics subsequently continued to occur. Epidernics
werze reported in the United States at the end of the century,

SECTION TWO: Licensed vaccines

Poliovirus vaccine—inactivated

Emmantel Vidor
Stanlay A. Piotkin

and in 1916 thousands of children were paralyzed during an
epidemic in the northeastern United States, Fortnately, in
1908 Karl Landsteiner and Eric Popper isolated the virus of
poliomyelitis, and scientific study of the agent hegan.”

The key discoveries that led to 1PV development were as
follows:

1

Definition of the three serotypes of poliovirus by Bodian,

Burnet, and coleagues.?

2. Determination that poliovirus viremia precedes paralysis.?

3. Confirmation that neutralizing antibodies protect against
diseasc.'

4. Demonstration by Enders and colleagues thac the viru

could be grown in eell cubture.!! .

These discoveries permitted Salk, fresh from his success in
developing an inactivated influenza vaccine and also experi-
enced in working with poliovirus, to start IPV development.
Large quantities of virus were grown in roller tubes from mon-
key testicular and kidney cells, and the kinetics of inactivation
by formalin were studied. Salk concluded that if aggregates of
virus were remaved by filtration, polioviras could be inactivated
at & constant first-order rate, permitting complete killing if the
process was of sufficient duration. Pools of trivalent vaccine
were prepared at Conmaught Laboratories in Toronto for use in
a field trial of efficacy, which was conducted by Francis and his
associates in 1954, Although it did have some flaws,*? the trial
decisively demonstrated that [PV was protective, and in 1955
1PV was licensed and launched in the United States.'® Very aoon
after, other IPVs derived from the same concepts were launched
in different countries. The Cutter incident, described in the
following section, in which recipients of IPV were paralyzed by
residual live virus in the vaceine, underlined the necessity of
removing viral aggregates to permit inactivation, but did not
stop the use of [PV,

Years later, major developments improved the quality of IPV.
The first, by van Wezel of Holland, was the development of
techniques to select the best sources of monkey kidnay cells,
to grow the cells to high density on microbeads, and to con-
centrate the virus produced.'* The second development was the
adaptation of the Vero continuous African green monkey kidney
celi line to the production of poliovirus by Montagnon and col-
leagues at the Institut Mérleux (now Sanofi Pasteur) of Lyon,
France.'® The result of these improvernents was the historically
named enhanced-potency IPV [referred to as eIPV), which is the
subject of this chapter.

Licensure of IPV was the first result of the cell culture rev-
olution that permitted the development of many other vac-
cines. At the time of licensure, more than 20,000 cases of polio
were reported annvally in the United States, and polio was a
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Figure 27-1 The antigenic sites of poliovirus are highlighted irs white on
the structure of the virus (top right), a pentamer consisting of five copies
of each of the capsid subunits (top left), and ihe individual major capsid
proteins VP1, VP2, and VP3 (bottorn left to right). VP1, blue; VP2, yellow:
and VP3, red. (Couresy of James Hogle and Arthur Oison.)

worldwide disease with an incidence in the tropics that was
as high as that in the developed world, but it was unrecog-
nized due to the concentration of cases in infants younger than
1-years-old. "1

The description of paliomyelitis as a disease, in addition to
its virology, pathogenesis, and epidemiology, is covered in the
Chapter 28. However, it is important to mention that the pokio-
viruses are made of four capsid protcins, numbered VP to 4
{Figure 27-1). The first three are arranged on the surface with
icosahedral symmetry, whereas VP4 is an internal protein.!?
There are five epitopes present on VP1 to 3 that are important
to ncutralization: sites 1, 2a, 2b, 3, and 4. These vary between
serotypes and between strains.

Passive immunization.

A field trial using human v-globulin verified the importance
of viremia in the pathogenesis of the disease and proved the
concept that antibodies were protective, This experience, con-
ducted in 1952 by Hammon and colleagues,'® involved more
than 54,000 chilitren, half of whom received y-globulin and half
of whom received gelatin. From the second to the eighth week
after injection, paralytic poliomyelitis was reduced by 80%.
Unfortunately, despite the large y-globulin dose used in subjects
(0.3 mI/kg}, the protection praved temporary (8 weeks), render-
ing y-globulin impractical as a public health strategy cxcept in
household contacts.

Maternally produccd antibodies transmitted via the pla-
centa are also protective, but their half-life is only 28days, By
6manths of age few unvaccinated infants remain protected.®

Active immunization
Prior approaches to inactivated poliovirus vaccines

Before the work of Salk, two disastrous attempts were made
in the 1930s to inactivate polioviruses obtained from mon-
key spinal cords for the purposes of vaccination. Formalin was
used by Brodie and Park,?' whereas Kolmer®® used ricinoleate.
Both failed because of inadequate inactivation and probably
also inadequate immunogenicity. The occurrence of polio cases

* likely cavsed by the vaccines terminated their development and

instilled a sense of caution.

Description of inactivated poliovirus vaccine

IPV is a mixture of the three polioviruses made by harvesting
cell culture supernatants and submitting them to purification
and inactivation by formualin Jone of the historical IPVs, devel-
oped by Lepine® at the Pasteur Institute in Paris, was inactivated
by formalin and B-propioponolactone]. The first versions of IPV
were produced from primary rhesus monkey kidaey cell cul-
tures, with all of the problems of finding healthy monkeys and
of excluding simian viruses that might be latent or replicating
actively in cultured cells. The poliovirus strains used by Salk and

_ still used by most current manufacturers are Mahoney | type 1,

Brunenders strain [attenvated) is still used by one manufac-
turer in Denmark with no available information on antigenic

- and immunogenicity differences versus the Mahoney strain, see

"IPV manufactured from Sabin strains"), MEF-1 {type 2), and
Saukett (type 3). The final vaccine mixture is adjusted to achieve
the right concentration of antigens |see the following section).
Although the results of the historical Francis trial were posi-
tive {see “Efficacy of [PV and correlates of protection”), the Cutter
incident (see “Adverse events”) led to a change in manufacturing
processes that lowered the immunogenicity of the early vaccine 2
The resurgence of paralytic polio M vaccinated children during
the late 1950s weakened confidence in IPV.®® However, several
technical advances during the 1970s permitted the development
of the eIPV, which, although based on principles similar ta those
of the first-generation vaccine, differs in three important aspects:

1. The cell substrate on which the virulent virus seeds are
inoculated includes secondary or tertiary subcultures of
kidney cells from pathogen-free monkeys, continuous
culture of human diploid cell strains, or continuous culture
of the Vero African green monkey kidney cell line, rather
than primary cultures from newly captured monkeys.

2. To increase density, cells are grown on microbeads in large
bioreactors.

3. The virus harvest is concentrated before inactivation to
increase the final antigen content.

The production of elPV in Vero c¢ells is outlined in
Figure 27-2.%3! The substrate cells are expanded from a work-
ing cell bank adapted to grow on microbeads (Figure 27-3) in
large bioreactors until high cell density is reached {Figure 27-4).
Growth medium is then removed, the cells are washed, and one
of the three types of poliovirus is inoculated. By 72 to 96 hours
of incubation at 37°C, the cells have been lysed by viral replica-
tion, and the supernatants are collected, After clarification, the
vitus is concentrated 500-fold by ultrafiltration. To remove cellu-
far proteins and DNA, the concentrated virus is passed through
size exclusion and ion exchange chromatography to yield puri-
fied material. At this point, there is less than 10pg of DNA per
human dose, a level considered to pose no hazard to recipients.®

The concentrated purified virus is inactivated by the addi-
tion of formalin to a final concentration of 1:4000, followed
by incubation at 37°C for 12days. By 4days viral inactivation
should be almost complete, as confirmed by sampling for resid-
ual live virus. During inactivation of the virus, it is important to
avoid viral clumping and to maintain a neutral pH. An extra fil-
tration is included during inactivation to remove viral chumps.®

Recently, polioviruses have been produced in Vers cells
grown in serum-free medium.® The final monovalent mate-
rial is subjected to tests for residual infectivity, which of course
must be negative. The three monovalent antigenic materials
are then mixed to form trivalent bulk antigen generally stored
in concentrated form. Contents of the three vaccine types are

adjusted by determination of the poliovirus D _antigen [which is -

expressed only by intact poliovirus pa
gel diffusion assay but now enzyme
assays (ELISA; in vitro potency]. The'final fo
{D-Ag} units is targeting a conteny of #07{
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Poliovirus vaccine—inaclivated

. Expansion of cell culture seeds:by passage on.microbeads |
" to reach density of 10" celis per 1000-L fermenter

[ Inoculation of seed virus (types 1,2, or 3) |
[ Incubation at 37°C for 3 to 4 days |-

} Harvest 1000 L supsrnatant’ J

[ Filter for clarlfication 1
e _
!.;.Concentrate to 2 Lby ultrafiitraﬁonglg

l Purlfy by column chromatography to volume of. 15 L }

Filter for sterllity :

| Dllution in medium 199 and new fitration |

e
| Inactivate with 1/4D00 formalin for & days at 37°C i

I? Filtér again for elimination of clumps |

l On days 9 .and 12, sample for controt’

Combina with other serotypes for trivalent vaccine;
' . adjust antigen concentration®

T

Figure 27-2 Production of enhanced-potency inactivated poliovirus
vaccing. *, sampling of an equivalent of al least 1,500 human doses for
conirol of effective inactivalion

. B = “" _A
Figure 27-8 Kidnay ealls from Altican green menkeys (Vero cells) grown
on microgarier baads, (Gourtesy of Or. B. Montagnon, instittt Mériewx, Lyon,)

and 32 of type 3 polioviruses, respectively, The D-antigen con-
tents of the original IPVs were variable, but all were below this
current formula,

Determination and standardization of the D-antigen content
is a key lssue in making potent IPV, An internationai reference
vaccine has been characterized by the World Health Organization
[WHO} after a study showed test variability between laborato-
ries.®47 Suggestions have been made for the improvement of
the ELISA test that measures D-antigen content.®® The key
parameters in the performance of this assay include: {1) the
nature {poly- or monoclonal and their specificity[ies]} of the

o A
Figure 27-4 Bloreactors ot 1,500-L. capacity in which cells are grown
for virus cultivation. (Courlesy of Sanofi Pasteur, Lyon.)

antibodies used for antigen capture, (2} the nature {poly- or
monoclonal and their specificitylicsi) of the antibodies used for
antigen detection, {3) the method of caleulation of results (sig-
moid curve, parallel line, or four parameter curve methods), and
{4) the nature of the reference antigen used in the assay. In addi-
tion, as some reagents may detect the presence of polie C anti-
gens |associated with noninfectious viruses) and, consequently;
provide a false evaluation of the D-antigen content of the vac-
cine, this can result in formulation and release of subpotent
vaccines, Thus, the measured D-antigen content is the result
of the combined activity of multiple antigenic sites, conceivably
present in varying proportions in the tested preparations. Not
all IPV manufacturers use the same set of reagents and method-
ologies to assess the D-antigen content of their routinely manu-
factured preparations, which makes it difficult for comparisons.
With the development of Sabin IPV the situation is further
corplicated (see the following sections).* Moreover, prediction
of immunogenicity from antigen content has been uncertain
The immunogenicity {in vive potency] of IPV preparations is
measured by immune responses obtained in monkeys, rats,
guinea pigs, mice, or chickens, The rat model is still used in
some countries for release purposes, and different release speci-
Fcations are described in various pharmacopeias, The variabil-
ity of the methods of measuring neutralizing antibodies in these
assays may also complicate the comparison of potencies of dif-
ferent IPVs, Finally, the relationchip between immunogenicity
observed in animal medels {in vivo potencies measurements)
and in humans might not be straightforward,

All of these parameters are correlates of the clinical protec-
tive effect anticipated in humans vaceinated with IPV. To more
closely approximate that effect, mice transgenic for the CD-155
pollovirus receptord have been employed to decermine relative
immunogenicity before clinical trials.*4

IPV manufactured from Sabin strains

The methods deseribed carlier have become even more impor
tant in view of the WHO's efforts to promote the emergence
of new TPV manufacturers relying on the use of attenuated
strains for fear of inadvertent release of wild viruses from facili-
ties (see “Rationale for the Use of IPV”L* This push has led
to the emergence of several initiatives, some of them benefit-
ing from the experience of technology transfer Several stud-
ies have evaluated the biochemical differences between Sabin
strain—derived and Salk strain-derived [PVs, and particularly
the effect of formaldehyde inactivation on the antigenic struc-
tures of polioviruses.*s Using reactivity to monoclonal antibod-
ies profiled by enzyme immunoassay (E14), it has been shown
that inactivation with formaldehyde destroys some antigenic
sites of the polioviruses. ¥’ Depending on the characteristics
jreagents) of the D-antigen assay to measure the potency of

1
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S

resulting inactivated viruses, such alterations might not nec-
essarily be measured.*#® Due to their genomic differences, the

‘epitopes presented by the Sabin strains are different from the

epitopes presented by the Sallk strains; therefore, they have a
different sensitivity to formalin inactivation, A study* docu-
mented that the antigenic site 1 of the Sabin poliovirus 1 can be
damaged by formalin, whereas the same antigenic site present
at the surface of the wild-type Mahoney poliovirus [ strain is
not, One consequence of this difference in antigenicity in terms
of immunogenicity is that the repertoire of antibodies induced
in humans by Salk IPV or OPV are different. 450 :

Historically, the first attempts to validate the concept in
man were made at the Japanese Poliomyelitis Research Institute
{TPRI) during the mid-1980 552 and at the Lederle Laboratories
in the United States™® followed by the Rijksinstituut voor
Volksgezondheid en Milien {RIVM] in the Netherlands, which
is still particularly active in the development of Sabin strain—
derived IPVs.*® More recently, a group from the Institute
of Medical Biology, Chinese Academy of Medical sciences
{Kunming Institute} has embarked on such development.55¢
Other poliovirus vaccine manufacturers claim to be engaged
in the development of Sabin strain-derived IPVs, but no con-
crete information is publicly available. Since 2011, the WHO-
promotcd approach followed by RIVM has embarked on a
stepwise phase I clinical program in the European Union {EUJ.
This step should be followed by further developments from
RIVM partners through technology transfer projects following
the WHO-awarded Request For Proposals, The requirements
and challenges in the clinical development of this novel IPV
have been recently reviewed. 5.5

Studies done using transgenic mice have shown that whereas
an immunogenic IPY can be made from Sabin strains, differences
in neutralizing epitopes result in antibody specificities that are
less broad than those produced by wild strains.*~65 The impor-
tance of this difference was illustrated by a study done at the
US Food and Drug Administration {FDA) using the transgenic
poliovirus receptor mice model to evaluate a Sabin type 2 IPV
prepared by the TPRL*® In this study, a type 2 IPV prepared from
MEP-1 strain {Salk strain] elicited broader immune regponses
{heterotypic) and better protection against paralysis after viru-
lent challenge than an IPV prepared from Sabin polio type 2
strain. Similar findings were observed previously with a Sahin
strain—derived type 3 IPV but not for Sabin strain—derived type
i IPV# These findings raise the issue of the antigenic match
between the inactivated Salk strains and the inactivated Sabin
strains and of its potential consequence in terms of clinical pro-
tection against wild-type poliovirus strains that can be induced
in humans by Sabin IPV versus Salk IPV. Therefore, the crite-
ria on which national regulatory agencies will base their future
reviews for licensing such vaccines are not yet fully clear.

Producers

Table 27-1 lists the current manufacturers of IPV drug sub-
stance (bulk antigen| that are principally based in Europe. The
majority of the IPV antigens currently manufactured are from
viruses grown on the Vero cell line. The only other cell substrate

Table 27-1 Manufacturers of IPV {bulk antigen)

Ty 7 TR

. _Mahyi_‘&_iciu

Where made

o

Sanofi Pasteur France, Canada

Vero, MRC-5
GlaxoSmithKline Belgium Vera
Novartis Haly B Vero o
NV The Netherlands Verc
Statens SerrL';mmlﬁrstit'LAJ't Denmark Vero -

in use for IPV production is a human diploid cell line {MRC-5}.
Because all TPV now in use is eIPV, hereafter the designation
IPV wili be used to refer to eIPV vaccines. Current (2010] global
production capacity for bulk antigen is at more than 100 mil-
lion doses of final product equivalent per year. Considering that
the currently existing facilities can produce 400 to 450 million
doses per year after full scale-up of facilities utilization, large
demand can be satisfied 5.5

Dosage and route

Salk established that the immune response to IPV is directly
related to the dose of viral antigen {Table 27-2).4 When TPV is
used for primary vaccination of infants, the ideal schedule is two
to three doses administered during the first 6 months of life, fol-
lowed by a first booster given during the second year of life and
another booster before school entry. The formulation of all cur-
rent IPVs proceeds from a series of several dose-response clinical
studies®™"® performed in infants from 1977 to 1979, which were
aimed at deterimining the optimal D-antigen content necessary
for providing reliable protection after two doses of the IPV ant-
gens combined with other vaccine antigens (D, T, and whole
cell pertussis [wPj, which were already routinely administered
in infants at that age). This strategy was implemented by Jonas
Salk and Charles Mérieux with the objective of developing an
IPV formulation that was useful in Africa and that required two
doses with a relatively long interval between them that could
overcome the negative effect of circulating maternally transmit-
ted poliovirus antibodies on the immune responses.

This work was made possible by the pioneering work done
at the RIVM [the ancestor structure of the Netherlands Vaccine
Institute; NVI) by van Wezel on large-scale culture of celis on
microbeads. These studies led to the cwrent PV formula with
40-8-32 D-Ag units for poliovirus type 1, 2, and 3, respectively.
Two doses are sufficient as priming for a first booster in the
second year. When 1PV is included in DTP-backboned combi-
nation vaccines, up to three doscs can be given during the first
year of life. In any case, the first two doses should be followed
by a third dose at least 6 months later (acting as a booster] to
generate persistent immunity,’! Tt should be noted that some
of the historical studies have documented the capacity of 1PV
to induce antibody levels even after the first dose**™ confirmed
also by aone-dose clinical efficacy of 36% {95% confidence lim-
its, 0% to 67%) measured in Senegal®®-2° (see “Efficacy of IPV
and correlates of protection”).

In the United States, infants immunized with IPV receive
doses at ages 2months, 4months, & to 18 months, and at pre-
school age [4-6years). In most European countries the first three
doses are given earlier 2t 2, 3 and 4 or 2, 4 and 6 months of age,
whereas in Scandinavia and Italy the schedule is spread out,
with only two doses before 1year of age. The different pediatric
routine primary series schedules used in various countries are
shown in Table 27-3. The subject of additional boosters after
the preschool age is discussed later {see “Duration of immu-
nity”). In some countries, along with routine pediatric IPV-only
schedules, supplemental immunization activities [SIAs) with
OPV are organized (see “Results of vaceination programs”),

Ideal dosage for IPV in truly unvaccinated adolescents and
adults is three doses. The first two doses can be given 1 or pref-
erably 2months apart, with the third dose given 6 to 12 months
later, If there is urgency, the third dose can be given ecarlier, but
the achieved antibody titers will not be as high (Sanofi Pasteur,
unpublished data).

Adolescents or adults who are already primed and whose last
polio vaccination occurred ten to twenty years ago need only
one booster dose to redevelop high titers [Sancfi Pasteur, unpub-
lished data).”? In subjects with an unlnown polio vaccination
two doses of any kind of IPV-containing combination vaccines
given 1 month apart are sufficient to indu€e Yery high seropro-
tection rates and lasting circulating 2
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* subjects

a0

24

AR

% i 96 60 96

27 ' 1/4 83 73 100 i

3a 1/8 87 45 o3 )
cpg, L 118 77 35 96

*In the group evaluated 2weeks after booster dose.
Millliters of reference vaccine A given in each of twa doses 2weeks aparl.

1 antinody titer of 1:32 arbitrarily chosen as criterion for hypereactive secondary-typs antibody response.

10re miliiliter of vaccina,

From Salk J, Salk 0. Vaccination against poliomyelilis. In: Voliar A, Friedman H, eds. New Trends and Developments in Vaccines. tancashire, UK: MTF Press;

117-154, 1978, With permission.

Table 27-3 Schedules of IPV Administration for Primary imrmunization in infant/Teddiers/Childdren in Countries Recommending

lP‘J—miy schedulas'

Schedulef' ‘

United States

2+1+1 2, 4, and 1Bmonths, 4-6 years*
3, 5, and 11-12months, 5-6years Sweden, Slovakia, ltaly, Norway, Denmark, Finland
3, 5, and 12months, 14ysars lceland
2, 4, and 6-18months, 4-6 years Greece
3+1+0 2, 4, B, and 18months Spain
2,3, 8, and 18monthg Malaysia
3+0+ 1 2, 4, and 8months, 4ysars Australle, lretand, Poriugal, Korea
2,3, and 4 months, 4-Gyears United Kingdom
2, 4, and 8months, 4-6 years* United States
3+1+1 2. 4, 6, and 18months, 4-Gyears Swiizerland, Austrla, Canada, Croatia, Israel, Romania
2,8, 4, and 11-18months, 5-7years Hungary, Beiglum, France, Luxembeourg
2,3, 4, and 11-14months, Syears Germany .
3, 4, 5, and 18months, 10years Czech Republic
3, 4, 5, and 12months, 4years Netheriand

3, 4.5, 8, and 18-24months, §-7 years

Estonia, latvia, Lithuania

*Tha curent recommendations callfora2 + 1 + 1 0ra 3 + 0 + 1 schedus as the third dosa can be given any time between 6 and 1fmonths of age.
ths of May 2012, see htp:/fapps.who.inimmunization_moniloring/envglobalsummary/ScheduleSelect.cfm

IPV may be given subcutaneously or intramuscularly, and
there is no published information on the relative immunogenic-
ity of IPV administered intramuscularly versus subcutaneously
through randomized controlled trials; howevey, as it is adminis-
tered more and more frequently as IPV-containing multivalent
DTP-based vaccines {including possibly alse Hib and hepatitis
B antigens), and with the objective to minimize locat adverse
events, IPV is now almost exclusively administered intramus-
cularly even when used as a stand-alone vaccine.

Available vaccines

1PV is available as a stand-alone vaccine and as tetravalent, pen-
tavalent, and hexavalent combination vaccines with diphtheria,
tetanus, acellular pertussis, hepatitis B, or Hib antigens. In the
United States, IPV is available as a stand-alone vaceine and as a
tetravalent and two pentavalent combinations with diphtheria,
tetanus, acellular pertussis, Hib, or hepatitis B antigens. In the
rest of the world, TPV is available as a stand-alone vaccine and as
tetravalent, pentavalent, or hexavalent combinations with diph-
theria, tetanus, acellutar pertussis, Hib, and hepatitis B antigens

with variable situations across countries depending on licensure
status of these products. In some countries stand-alone IPV vac-
cines formulated, filled, and packaged by local manufacturers
and using IPV bulk antigens imported from another manufac-
turer are licensed and used. Most of the [PV stand-alone vaccines
are WHO prequalified, and are starting to be used in a number
of UNICEF-driven vaccination programs. The most widely used
IPV-containing combinations are produced by Sanofi Pasteur
and GlaxoSmithKline. For a more comprehensive review of the
available IPV-containing combination vaccines, see Chapter 40,
Several whole-cell pertussis IPV-containing combinations were
available, but there are none now. Some manufacturers have
embarked on the (reldevelopment of whole-cell pertussis-based
combination vaccines including [PV antigens.

Vaccine constituents other than immunizing
antigens

Regarding the vaccines praduced in Vero cells, streptomycin,
neomycin, and polymyxin B are used during the manufactur-
ing process to control bacterial contamination, but they are
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largely eliminated during purification. The use of polymyxin
B has been shown to have some effect on the quality of the
viral replication, which can be achieved in the process.” Trace
amounts of these antibjotics [€200ng of streptomycin, <5ng
of neomyein, and $25ng of polymyxin B) may still be pres-
ent. Preservation of the final product is conferred by residual
formalin {0.02%) and 2.phenoxyethanol {0.5%). Thimerosal
cannot be used to preserve polio-containing vaccines because
it destroys the polio antigens.® The MRC-5-produced vaccine
contains trace amounts of streptormycin and neomycin as well
as formalin (27 ppm), 2-phenoxyethanol [0.5%), human albu-
min [0.5%), and Tween 80 (20ppm). When used as part of
multivalent combination vaccines, the quality of the IPV bulk
antigens and of theijr other constituents are of extreme impor-
tance in the behavior, potency, and stability of the formulated
final drug product.

The role of adjuvant on the immunogenicity of IPV antigen
has been known since the pioneering work done with mineral
oil and oxide aluminum salts.”’?® Later, through several IPV-
containing wP-based combinations, the positive role of calcium
alaminum salts has been advocated.” Since then, it has been
confirmed through several randomized controlled studies that
the immunogenicity of the IPV antigens is improved when the
antigens are injected in the presence of aluminum salts.!15120
In recent years, through the strong pressure of WHO (see
“Rationale for the use of IPV”), new adjuvants are being consid-
ered for IPV. Preclinical studies with conventional IPV or with
Sabin-IPV have shown that some new adjuvants (squalene-
based emulsions supplemented or not with TLR-agonists; poly-
mers) may decrease the amount of antigen needed to achieve
desired immunogenicity with the potential of lowering costs per
dose, and some adjuvants may enhance the mucosal immune
response to [PV,#0-82

Stability

IPV is relatively heat stable. The vaccine is stable for 4years
at 4°C and for 1 month at 25°C. At 37°C, there is loss of
potency of the type | component after 1 to 2 days, and of types
2 and 3 after 2weeks, Freezing diminishes the potency of IPV
and should be avoided. All manufacturing intermediates are
also relatively heat stable, allowing flexibility in managing
manufacture.

Results of vaccination

Immune responses

Although it is possible to measure serum antibodies to poltovi-
rus by 2 variety of methods, poliovirus-neutralizing antibodies
are considered the best correlate of protection® and are the only
responses considered here.

IPV is a killed antigen vaccine, and immune responses
depend on the concentration of antigens, the number of doses
{when used for primary immunization), the interval between
doses, the age at first dose {and, consequently, the level of
maternally acquired poliovirus antibodies present at time of
vaccination that can suppress the immune response), and
finally the type of IPV-containing product used {stand-alone
unadjuvanted versus aluminum-adjuvanted IPV-containing
combinations). Several paramneters are used to express the lev-
¢ls of seroneutralizing antibodies against polioviruses when
assessing the overall responses obtained in a group of vacci-
nated individuals: the geometric mean titers (GMTS) (some-
times median titers are used which can lead to different results
compared with GMTE); the percentage of subjects with neu-
tralizing antibodies above the 1:8 threshold now considered
as the serologic correlate of protection (historically the 1:4
threshold has been used] and very often referred to as the sero-
protection rate; and the percentages of subjects presenting with

a greater than or equal fourfold rise in their neutralizing anti-
body titers between their prevaccination titers and postvacei-
nation titers, adjusted or not for maternally derived antibody
decay, and referred as to the seroconversion rate. If maternal
antibody decay is not factored in, calculated seroconversion
rates could be lower than the actual proportion of persons who
make a significant immune response. On the other hand, it
is known that maternal antibody does inhibit the immune
Tesponse to IPV.% The percentage of subjects with neutralizing
antibodies above the 1:8 thresheld at a time when matemnally
transmitted antibodies should have disappeared probably gives
the best measure of the proporticn of persons with protective
immune responses to IPV,

The neutralization antibody assay is used by the vast major-
ity of laboratories assessing the immunogenicity of these vac-
cines.® The assay procedures are variable and have been shown
to be sensitive to the nature of the cells used to grow the target
virus {HEp-2 or Vero), viral inoculums’ size, the duration and
temperature of serum-virus interaction before cell culture, the
number of serial dilutions of the tested sera, and the nature
of the viral stzains [Sabin or wild-type) used in the test®# In
addition, the type of 2ssay readout [cytopathic effect or met-
abolic inhibition| has an influence, Numerous attempts have
been made to standardize this assay,®* but there is no broad-
based acceptance of international standards for its use.’® Under
some assay conditions neutralizing titers are higher when sera
from subjects vaccinated with IPV manufactured from wild-
type straing are tested against wild-type straing than those
tested against Sabin strains.®# Lack of specific description
of the serum panels used in standardization studies makes
evaluation difficult. Some studies refer to the use of the triva-
lent reference serum lot I1A4 from the FDA that was prepared
from vaccinated monkeys, whereas others refer to pools of sera
obtained from humans in the United Kingdom probably vac-
cinated with OPV or naturally infected. As described in “IPV
manufactured from Sabin strains”, it is conceivable that the
paratopes (antigen binding sites| of the neutralizing antibodies
exhibited by OPV-vaccinated subjects or by IPV manufactured
from Sabin strains might differ from the paratopes exhibited by
Salk-derived-IPV vaccinated subjects, and that the overall levels
of neutralizing antibodies measured in these subjects might be
influenced by the nature of the viral strains used in the detec-
tion systemn. All of the landmark historical studies, which led to
the cuurent IPVs, 5 have based their neutralization assay on
wild-type-derived poliovirus strains. The absence of clear indi-
cation that this variable might be important and the progressive
logistical constraints imposed on the laboratories manipulating
the wild-type—derived strains, particularly for those located in
polio-free areas or in tropical low or middle-income countries,
have induced most of the laboratories to switch to the use of
the Sabin strains for this assay. This parameter should be con-
stdered when interpreting and comparing immunogenicity data
from different clinical trials, particularly trials done with IPVs
manufactured from Sabin strains,

An enormous number of studies and trials have been con-
ducted over the last 30years with IPV-containing vaccines
given in schedules of two or three doses during the first year
of life. These studies used different formulations of IPV, study
designs, and schedules and were conducted in a variety of coun-
tries with different ethno-ecological situations. A number of
reviews of these studies have been published.?-#4203 For exam-
ple, data collected from 30 study groups where [PV-containing
vaccines were administered to more than 4,500 subjects in a
two-dose primary series, usually at 2 and 4 months of age, are
summarized in Table 27-4. At completion of the immuniza-
tion series, seroprotection rates ranged from 89% to 100% for
poliovirus type 1, from 92% to 100% for poliopirus type 2, and
from 70% to 100% for poliovirus type 3-Table 27-4 also sum-
marizes responses after three doses. S€ropgétection rates after
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2-4monthsg 17-355

70-100%

89-100% 17.709
24, and 94-100% 4052629 96-100% 15186637 97-100% 1256-4332 10 2000
12-18months
24-6months | 96-100% 1432459 96-100% 780597  95-100% 187.3010 48 5000
3a-5months  854100% 110475 98-100% 90044 B6-100% 8o-i24s 8 500
2.3.4months  93-100% 143595  89-100% 91561 §5-100% 221.1493 18 2900

* GMT, gaometric mean anlibody tiar,
1PV inactivated polio vinss,

three doses are clearly better than after two, particularly when
the schedule is 2-4-6 months. However, schedules of 3-4.5 and
2-3-dmaonths also give good responses, although lower than
after 2-4-6, particularly when responses are described using the
GMT parameter (the Expanded Programme on Immunization
[EPI] schedule will be discussed in the next section). After
two or three doses in the first 6 months of life, antibody levels
fall although the vaccinees usually retain seroprotective titers
until the first booster is given during the second year of life
and this third or fourth injection gives a marked anamnes-
tic response. Five studies conducted in the United States are
presented in Table 27-5. Nearly all infants were already sero-
positive after the second dose, although their antibody titers
were generally below 100 {1/dil). Data on MRC-5 cells o1 in
primary monkey kidney cell [PMKC)-produced IPV are pro-
vided in Table 27-6 and demonstrate similar immunogenicicty
for such products.

Cellular-mediated immune responses and other components
of acquired immunity have not been comprehensively studied
and may not be critical for protection.*!” Ethnicity background
has never been observed to play a role in the immunogenicity
profile of [PV,

In some studies, immune responses have been detected even
after the first dose of [PY-containing vaccines-70reléid yngd,
depending on study designs and en seroconversion criteria def-
inition, up to 90% seroprotection rates and above 50% sero-
conversion rates have been observed. As summarized under
“Efficacy of IPY and correlates of protection”, a one-dose sched-
ule has been shown to provide limited clinical efficacy {36%
with 95% confidence limits ranging from 0% to 67%]| against
poliovirus type 1. Nevertheless, these data are important in
the context of current efforts by WHOQ toward development of
affordable IPV solutions for the developing world (see “Rationale
for the use of IPV”]. The role that could be played by sequential
schedules of IPV followed by OPV is discussed in the chapter on
oral polio vaccines (See Chapter 28],

Chinical experience with Sabin-derived IPVs

The first version of the JPRI Sabin strain—erived IPV [sIPV]
was formulated to contain 30-45.45 D-Ag units for poliovirus
type 1, 2, and 3, respectively (formulation using monovalent
bulks tierated against the WHO reference 91/672 and using the
parallel line method for titer calculations) per 6,5mL. This for-
mula was determined mainly from in vivo potency studies done
or rats with the objective of having a formulation able to induce
neutralizing antibodies against wild-type strains,

In comparison, wild-type-derived IPV-containing products
lwt-1PV) are now all formulated to contain 40-8-32 D-Ag units
for poliovirus types |, 2, and 3, respectively. Strict comparison
of the relative D-zntigen contents between JPRI vaccine [and
all other sIPVs) and conventional IPVs is not possible due to

the different characteristics of the in vitro and in vivo potency
assoys used ¢ tormulace and release chese vaccines (D-Ag deter-
mination by ELA and immunogenicity in anirmals) 3345860
With regard to clinical experience, JPRI reported only two stud-
ies including 118 subjects.® In che first trial, the vaccine was
given in two subcutanecus doses to 10 seropositive adults at
4.week intervals. Safety was cxcellent, Antibody data obtained
2weeks after che second dose (against Sabin strains and wild-
type strains] showed high neutralizing responses in all volun-
teers, In the second trial, the vaccine was given by the same
regimen to 108 infants {3-90-months-old), Most infants were
seronegative (SIN titer < 1:4) before immunization, except for
type 2 where 40% were seropositive, Iimmunogenicity results
2weeks after the second dose showed high neutralizing
response in all infants against types 1 and 3, but low for type 2.
Seroneutralizing GMTs against the homotypic Sabin strains
were about 2,000 for polio type 1, 300 for polio type 2, and 500
for polie type 3. SN titers were 4 to 1.3-fold lower against wt
strains than against the homotypie Sabin strains.

Later, JPRI worked on animal medels {rat and green mou-
keys) to refine the D-Ag content of the sIPV to targec 2 3-100-
100 D-Agunits per human dose formula, and is now embarked
on an antigen supply agreement or has licensed its technology
with several Japanese DTaP manufaciurers {Bikep, Kaketsuken,
and Takeda) who are developing DTaP-s[PY combinations for
Japan. Phase 11 and 1T trials are in progress bug no results are
available from these DTaP-sIPV vaccines,

Murph et al®® at Lederle in the United States manufactured
a Sabin strain—derived trivalent IPV containing 20-12.5-35
of -Ag units {per 0.5mL} of polioviruses type 1, 2, and 3
grown on PMEC. A study done in 1986 comprised 18 sero-
positive adults who received vaccine containing 10-6.25-17.5
of D-Ag units, 20-12.5-35 of D-Ag units, or 40-25-70 of D-Ag
units per dose and 9 seronegative adults who received one dose
of a 20-12.5-35 of D-Ag units formulation. In the seropositive
adults, the three vaceine formulations were able to boost serum
neutralizing antibody levels with a noticeable dose-response
effect. In seronegative adults, a response against the three polio-
viruses was observed, The drawback of this study was that no
subject was naive to polio antigens as they all had previously
received OPV or [PV during infancy, Infant studies with this
vaccine were never reported,

Finally, scientists at the Kunming Institute have performed
a multistep phase [ study in adults, children, and infants with
several formulations of sIPVs containing from 15-16-22.5 to
45-64-67.5 D-Ag units for poliovirus types 1, 2, and 3, respec-
tively, with good immunogenicity data and a dosc-response
effect.® Following this study, a dosc-response and compara.
tive against OPV and conventional IPV study was done in
infants with very preliminary reported zesults, Optimal con-
tent of D Ag units for this Chinese vaccine were defined for
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the Phase I11 as 30 for type 1, 32 for type 2 and 45 for type 3.
The dose-tesponse effect was confirmed and some differences
were reported between the antigenicities of sTPV farmulations
and conventional IPV {wild-type derived]. Cross-neutralization
evaluation of vaccinees’ sera against a large panel of poliovi-
rus straing {Salk, Sabin, wild-type isolates, and vaccine-derived
polioviruses [VDPV] jsolates] are under investigation.

Although Sabin strains can mutate on circulation and
acquire the phenotypic neurovirulence and transmissibility
characteristics of wild viruses, % the public health risk of a break
in containment from a manufacturing plant using Sabin viruses
is much less than a break with wild strains in areas of low vac-
cination coverage, making Sabin strains potentially attractive
for use and expanding the base of IPY manufacturers. The reg-
ulatory pathway for licensure of Sabin strain~derived 1PVs is
far from clear™ Due to differences in the breadth of antibodies
induced between inactivated Salk strains and inactivated Sabin
strains because of differences in the viruses,® it will be critical
to assure that antibody response in humans is broadly cross-
reactive against wild-type strains. In addition, the industrial
feasibility {large capacity of viral culture attaining the vield of
currently existing processes at an affordable cost of goods) of
such an approach still needs to be demonstrated.

Eifect of maternal antibodies and of necnatal
vaccination

Many studies have documented that high levels of maternally
transmitted poliovirus antibodies present during the course of
primary series diminish the height of the antibedy response to
an IPV primary series schedule and can decrease seroconversion
rates.*”-'% This is particularly evident when serocorversion rates
are used but less so if evatuating seroprotection, This effect can be
minimized by giving three doses of IPV during the first year of life,

Neonatal vaccination with IPV has been evaluated on sev-
eral occasions. Swartz and colleagues®™ showed that a single
dose of IPV at birth primed infants for a uniform response to
a second dose given at age émonths, Isracli infants immu-
nized at birth with IPV concomitantly with hepatitis B vaccine
showed higher mean antibody levels for polio types 2 and 3 at |
and 3months of age than infants who received IPV at 2 months
of age, but the difference disappeared at 7 months of age after
both groups had recetved one additional dose of IPV and two
doses of OPV.1®

Hovi et al'" showed priming for higher titers in Pakistani
infants whose three OPV doses at 8, 12, and I6weeks of age
were preceded by a birth dose of IPV, Linder et al's® docurnented
the immunogenicity of IPV given at 2months of age with or
without a preceding IPV given at 5 to 10days of age in prema-
ture Israeli infants. In infants wha received IPV within the first
-~ 2weeks of life, 100%, 100%, and 97.9% presented neutralizing
antibodies at titers greater or equal to 1:8 against poliovirus
type 1, 2, and 3, respectively, 1 month after the dose given at
2 months of age versus 96%, 100%, and 71% of infants who had
not received prior IFV.

Jain et al'® documented the immunogenicity of a pure IPV
schedule given at 0, 6, and 10weeks of age in Indian neonates
and was able to demonstrate better seroconversion (80% sero-
converted against all three poliovirus types) with this schedule
than with an EPI scheduie using OPV jat 6, 10, and 14weeks of
age] supplemented by [PV or OPV at birth {72% and 72% sero-
converted against all three poliovirus types, respectively.

Thus IPV at birth appears to prime the immune systern, but
this vaccination strategy has not been implemented in public
health practice. When IPV immunization is started early in life
after birth (eg, 6weeks of age as in the EPI schedule) and in
the presence of high levels of maternally transmitred poliovirus
antibodies, seroconversion rates decrease compared to vaccina-
tion of infants with low levels of maternal antibodics.

Combination vaccines containing 1PV

IFY has been combined with DTwP Ifirst combination of such
nature was licensed in 1964 in France, but today these D'Twb-
IPV-containing combinations no longer exist), DTal hepatitis B,
and Hib vaccines® 19113 (see also Chapter 40} and those combi-
nations are now used worldwide for primary series use in infants
and toddlers {Table 27-7). New DTwP-IPV backboned combina-
tions are currently in development [ref). One of the technical
challenges is the effect on antigen potencies of the residual (thi-
merosal), or pro-actively introduced |thimerosal, 2-phenoxy-
ethanol], preservatives in the final formulation particularly if
multidose presentations are targeted.’ The combined vaccines
containing IPV induce immune responses against polioviruses
superior to [PV stand-alone vaccines due to the effect of the
aluminum adjuvan: present in such combinations,!'*2 Thig
is particularly visible after primary immunization of infants in
which randomized control trials [RCT5) have consistently shown
GMT approximately twofold higher with combined vaccines.

When considering all of the factors, data clearly indicate that
the main drivers of the immunogenicity of the IPV antigens when
used for primary series vaccination are the following (in decreasing
importancef: use of an IPV-containing combination vaccine (the
role of the quantity and of the quality of aluminum salts is still
poorly known), the number of primary series injections, the age at
first dose, the interval between doses, and ethno-ecological factors
[passively transmitted antibodies, etc.).

In addition to the pediatric combinations, several com-
binations of IPV with low-dose diphtheria, tetamus, and low-
dose acellular pertussis antigens have also been developed and
licensed for preschool, adolescent, and adult (inchuding elderly]
booster imumunization with good immunogenicity records, 21125

Intradlermal use of IPV

The first report of use of the intradeymal route with the IPV anti-
gen came from Salk.'?1%” These studies showed that the intra-
dermal injection of 0.1 mL of aqueous formulation of IPV was
imnwmnogenic in children and adults. Soon after the availability
of the first commercial IPVs in 1955, several countries obtained
good epiderniological results from vaccination programs with 1PV
delivered intradermally (using the Mantoux technique) to maxi-
mize the use of the limited quantity available at that time, 2%15+

Table 27-7 Uicensed IPV-Containing Combinations

cotbination

DTaP2
DTaP5
DTaP2/Hib
DTaP5/Hib
DT :
Tdaps
Td

GlaxaSmithKiine DT
DTaP3
DTaP3/Hib
DTaP3/HepB
DTaP3-HepB/Hity
Tdap3

Sanofi Pasteur

Statens Serum Inst. DTaP1 EU

DTaP1/Hib EU

*AA, Asia and Africa; GA, Canada; EU, Ewope; LA, Latin America;
US, United States.

"Only in France,

DTaF, diphiheria, tetanus, and acelluiar pertussis vatcing; HepB, hepalitis B
vacting; Hib, Haernophius influenzae lypa b vagéine.
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Later, three successful proof-of-concept studies were con-
ducted during the early 1990s by John's team in [ndia using the
modern TPV, These studies demonstrated that one fifth of the
intramuscular dose I8 immunogenic in humans when delivered
inteadermally with needles, but none of these studies were ran-
domized against full intramuseular dose, %1%

More recently, WHO sponsored two RCT studies in Cuba
and in Oman with ewo different [PV vaccings using two different
schedules {6-10-14weeks and 2-4-6 months).'"'* The vaccines
were administered by the intradermal route with a DCJI jet-
injector (Blojector 2000 from Bioject, customized for intrader-
mal administration) or by the intramuscular route with regular
syringe and needie. The primary study objectives were to show
nonirferiority (using a low stringent definition for noninferior-
ity} of the responses in the intradermal groups versus the intra-
muscular groups. The primary end point was seroconversion
against poliovirus. Both studies demeonstrated clinically relevant
immunogenicity but lower responses with the 6-10-14-week
schedule than with to the 2-4-6-month schedule. In the Oman
study, infants were challenged at 7 months of age with mon-
ovalent type 1 OPV, and 7 days later shedding prevalence was
74.8% in the ID group versus 63.1% in the IM group, A third
RCT done in the Phitippines compared the two routes of admin-
istration using the classical Mantoux technique for the intrader-
mal injection and with vaccines administered in a 6-10-1d-week
schedule, !9 again demonstrating noninferiosity of respanses of
the intradermal group versus the intramuscular group.

A study conducted in India [Moradabad district} reported
inferior immune responses with 1PV administesed by the intra-
dermal route by a similar jet-injecior [Pharmajet] customized
for intradermal administration. The study design included vac-
cination of several groups of infants, aged 6 to 9month, who
had previously received multiple menovalent OPV type 1 and
tOPV doses, randomized to receive one of two different IPV vac-
cines delivered intramuscularly, an IPY vaceine administered
intradermally [one fifth of the IM dose), or one of two different
monavalent OPV type 1 vaccines. Due to the very high levels of
prevaccination antibodies ugainst all three polioviruses and to a
suspected high failure of the injection device to deliver the full
0.1 mL volume of vaccine intradermally, the study failed to show
that a fractional dose of IPV by the intradermal route was as
irmmunogenic as full-dose IPV intramuscularly, but did reveal an
undisputable booster effect of the intradermal administration.'*

Finally, a recent study from Cuba'? evaluated whether
a schedule of two fractional 0.1mL IPV doses administered
intradermally [jet-injector; Pharmajet} provides comparable
seroconversion with a two-dose schedule of full 0.5mL 1PV
doscs administered intramuscuiarly at 4 and 8months of age.
Seroconversion was assessed in each group after the first and
second dose of study vacecines, and the proportion of subjects
that responded with a priming immune response after the first
dose of IPV was determined, Results showed high seroconver-
sion after the first dose of both fractional and full-dose IPY, with
significantly lower median titer for intradermal arms, and prim-
ing evidence in more than 90% of the subjects who did not sero-
convert after first dose, The second [PV dose, delivered by either
route closed the remaining seroconversion gaps and resulted in
high antibody titers, although the titers were higher in children
vaccinated by the inmamuscular route.

Nelson et al'*® recently reviewed studies of intradermal IPV
and concluded that the route was promising but still required
optimization of dose and of administration. However, a critical
factor in making intradermal TPV use practical would be the
development and licensure of a slmple delivery device, In addi-
tion, a clear and feasible licensing pathway is still not clear,
First, the nature of the safety and of the immunogenicity data to
be submitted to National Regulatory Agencles is not yet defined.
Second, this licensure pathway implies partnership between a
given vaccine manufacturer and a given device manufacturer

to assemble 2 specific application file claiming for the use of a
given 1PV with a given 1D device in a given 1D regimen. The
WHO is supporting substantial research to develop affordable
and effective intradermal delivery devices.

1PV in the expanded program on immunization
schedule

To achijeve rapid immunization in developing countries with
high endemicity, vaccines are given on a 6-10-14-week sched-
ule, which is not optimal for immune tesponsc against a variety
of antigens due to the early age for starting immunization and
the short interval between doses,

Since the early studies sponsored by the WHOQ, 04103142 several
studies have been done in a wide range of epidemiological set-
tings with JPV-containing vaccines. The results, which must be
interpreted considering the previously listed variables [including
the fact that many of these studies were conducted in countries
where OPV was the standard vaccine used and could therefore
have exposed vaccinees to OPV via contact with vaccines or
their contacts) are summarized in Table 27-8,202103:43,145134 One
should note particulatly the predominantly high seroprotection
rates achieved at completion of immunization in addition to
the more variable seroconversion rates probably due to the high
maternal antibody fevels observed in some studies, 944

In one study in South Africa, antibodies were measured at
17months of age after three doses of IPV contained in a hexava-
lent combination vaccine given in infancy, and persistence of
antibodies with good anamnestic response to a fourth dose were
noted.' In infants who received DTaP-IPV-HepR-Hib at 6-10-
14 weeks of age, 100%, 99.5%, and 97.8% of them still had neu-
tralizing antibodies at titers greater than or equal to 1:8 against

. poliovirus type 1, 2, and 3, respectively, at 17 months of age,

and a 40 to 56-fold increase in their GMT was obscrved from
prebooster to postbooster.

A direct comparative stady of the 2-4-6-month schedulc [the
standard schedule in the United States) and the EPI schedules
was performed in Puerto Rico, where OPV 1s no longer given,'¥!
Seroconversion rates for types 1, 2, and 3, respectively, after three
doses on the US standard schedule were 100%, 100%, and 99%,
whereas after the EPI schedule they were 86%, 86%, and 97%,

Overall, the data clearly demonstrate that TPV is immuno-
genic in an EPI schedule although the titers achieved and the
seroconversion rates may be lower compared with vaccination
of children at older ages, The immunogenicity of IPV in an
EPI schedule appears to be superior to the use of OPV in such
schedules in developing countries,

immunogenicity of sequential schedules
with 1PV and OPY

From 1997 to 1999 the United States relied on sequential
use of [PV and OPV vaccines, in which two doses of IPV were
administered at 2 and 4 months of age, followed by two doses of
OPV adiministered at 6 to 18 months of age and again at school
entry. 513 Table 27-5 summarizes the excellent immunogenic-
ity obtained with this schedule.

Tsrael and Denmark have also used mixed schedules, with suc-
cessful induction of immune responses and protection. In Israel,
two schedules have been used: IPV at 2, 4, 6, and 12months of
age with OPV administered at 7 and 13months of age or IPV at
2, 4, and 12 months plus OPV at 4, 6, and 12 months. Persistent
polio in the Gaza strip despite extensive use of OPV induced the
authorities to change to a mixed sequential and combined sched-
ule, which caused a prompt drop in wild strain isolations,#

A study in the United Kingdom showed the advantages of 4
mixed schedule comprised of one dose of 1PV followed by two
doses of OPV in terms of immunogenicicy,'s®

A particular use of mixed schedules was undertaken in
Roimania because of an unusually high rate of VAPP due to
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Table 27-8 GMT and Percenlages of Subjects with Poliovirus NA After IPV Vacoines Given at &, 10. and 14 Weeks of Age

Oman, 1990-19g21011®@.143 R4weeks; N = 161-169

Product used DTwP-IPV 3

GMT NA 447 571. 251 3

% with NA 2 1: 8 B8% 92% 91% “

Gambia, 1990-100110116214 24weeks : N=87-105

Product used DTwP-IPV

GMT NA 79 184 241

% with NA > 1: 8 81% 82% 98%

Thaffand, 1991-1g92#t1c21% 24weeks; N = 92-134

Product used DTwP-IPV

GMT NA 49 68 136

% with NA = 1: 8 66% 63% 92%

South Africa, 1988 Gweeks; N =118 18weaks; N = 119 ;;_‘§

Product. used DTwPIPV/Hib ?
/, GMT 20.3 231 160 116 o) 166

% with NA> 1: 8 63.1% 73.0% 46.7% " 99.2% 99.2% 99.2%

Philippines, 20007 Bweeks; N = 65 18weeks; N = 65 i

Product used DTaPIPV-HID L

GMT 34.5 36.4 135 863 768 901 o

% withNA 2 1: 8 81.5% 81.5% 76.9% 100% 100% 100%

Moldavia, 1998 : 18weeks; N = 150 3

Product used DTaP-PV-HepB

GMT NA 535 154 731 é

% with NA> 1: 8 98.7% 98% 98.7%

Moldavia, 1908 ' 18weeks; N = 136137 ;{ :

Product used DTWR-PV/Hib :

GMT NA 170 88 544 ik

% with NA 2 1: 8 99.3% 97.2% 100%

Cuba, 2001 Gweeks; N = 52 18woeks: N = 52

Product used DTwP-IPY/Hib 3;
- GMT 33 22 <8 304 304 858

%with NA 2 1: 8 NA NA NA 94% 83% 100% :

South Africa, 20011 Bweeks; N = 184-180 18weeks; N = 213-214

Product used DTaP-IPV-HepB-Hib

GMT ‘ 7.8 16 48 1226 661 1249

% with NA > 1; 4 51% 72% 30% 100% 100% 100%

Philippines, 2003 Bweeks; N = 191-193 18weeks; N = 192-194 4

Product used DTaPIPV/Hib

GMT 10 14 10 533 789 1968

% with NA2 1: 8 58% 65% 58% 100% 100% __ 100%
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- Country, date.(reference)
Phiippines, 2003'2

5 e i Tped,
1Bwaeks; N = 192-194

Product used DTaPiPV/Hib
GMT 10 14 10 533 789 1968
 %with NAZ 1: 8, 58% 65% 58% 100% 100% 100%

Puerio Rico, 2003'% 18vwesks; N = 225

Product used 1Py

GMT NA 222 147 724
S%withNA 1:8. 85.8% 862%  969%
South Africa, 20052 18weeks: N = 202:206

Product used DTaP4PV/HIb

GMT NA 1453 1698 2395

%withNAz1: 8 100% 100% 100%

tndia, 2006'9 Bweeks; N = 213 18weeks; N = 212-213

Product used DTaP-IPV/Hib

GMT 18 20 10 440 458 1510
%with NAZ1: 8 74.6% 74.2% 61.5% 100% 99.1% 100%

South Africa, 20065 ' 18weeks; N = 220

Product used CTaP-iPY-HepB-Hib

GMT NA 579 €20 975
%withNAZ 1:8 100% 98.5% 100%

[TaP diphtheria, tetanus, and acellular pertussis vaccine; GMT, geometric mean antibody fiter; HepB, hepatitis B vaccine; Hib, Haemaphilus influenzae type b

vacging, 1PV, inactivaied polio vaccine, NA, neutralizing antibodies

concurrent intramuscular injections.’® For a time, infants in
one province of Romania veceived IPV at 2, 3, and 4 months of
age together with OPV at 4 and 9months of age.'** The schedule
was well tolerated and highly immunogenic, No cases of polio
occurred subsequently in this region, but too few children were
involved to draw conclusions about the prevention: of VAPE.

The previously mentioned WHO study'*%1®% compared
four doses of OPV, three doses of [PV, and a mixed sched-
ule consisting of four doses of OPV and three doses of IPV.
Seroconversion rates and GMTs were highest in the mixed
QPV/IPV groups. In addition, when children of the three groups
were challenged with another dose of OPV, virus fecal excretion
was as low in the mixed vaccine group as in the OPV group,
confirming the presence of intestinal immunity,

Another mixed schedule was tested in the Ivory Coast, with the
objective of correcting deficiencies in response w OPV in tropical
setings.'® A single dose of IPV or OPV was given after three doses
of OPY, Of those 9-month-cld children who remained seronegative
after the third dose of OPY, B1%, 100%, and 47% seroconverted to
types 1, 2, and 3 polio, respectively, after the IPV booster. The car-
responding percentages for an OPV booster were 14, 27, and 5.

Sirilarly Sutter et al'®® evaluated the performance of IPV
versus three formulations of QPV {menovalent OPV type 3,
Lederle tOPY, and GlaxoSmithKline tOPV] used as a beoster in
9-month-old Omani infants who had reeeived five previous doscs
of OPV, This supplemental dose of IPV had excellent immunoge-
nicity and led to higher increases in polio type 3 antibodies than
did OPV. In addition, mucosal immunity was assessed by admin-
istering 2 challenge dose of monovalent poliovirus type 3 OPV at
the 15-month visit. Overall, 13.2% of the infants excreted

poliovirus type 3 and there were no significant differences in the
rate of excretion of poliovirus type 3 among the study groups,

In Pakistan, infants were randomly vaccinated with OPV
alone; QPV and IPV at 6, 10, and 14weeks of age; or were given
OPV at those times plus a single dose of IPV at 14 weeks. The
immune responses were better for types | and 3 for the mixed
OPV/IPV association, but the single dose of IPV at 14 weeks did
not improve the OPV-only responses. '

Mote recently, the WHO conducted a study in India in which
6- to 9-month-old infants who had previously received multiple
doses of trivalent QPV and monovalent QPV type 1 were given
a single dose of IPV. Nearly 100% of children who were seroneg-
ative to types 2 and 3 at the time of the dose seroconverted.'!

Finally, a study in the Netherlands showed that IPV vacci-
nation was able to boost systemic and salivary IgA responses
in previousty OPV-vaccinated people. In contrast, persons who
received only past IPV did not produce 2 salivary IgA response. '

To conclude, several types of IPV/QPV sequential and com-
bined schedules have been created and are being used through-
out the world with good immunogenicity.

Immunogenicity of IPV in the immunocompromised
subject and in preterm infants

Due to its nature and because IPV is the indicated polio vac-
cine for immunocompromised subjects even in countries that
rccommend QOPV the immunogenicity of IPV in these subjects
is an important igsue.

Prematurity does not appear to reduce the response to IPV-
containing vaceines when the vaccines are given at the usual
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postnatal age. Preterm infants all develop neutralizing antibodies
after three doses of IPV] although titers might be lower than in
term infants'é"-"" particularly if the infants are chronically ill. '3

Vaccination of full-term infants at birth results in lower
immune responses than dees vaccination later in life, presum-
ably because maternal antibody levels are higher in newborns,
and not due to immune immaturiey** {see “Effect of maternal
antibodies and neonatal vaccination”}.

Children infected with HIV who were given two doses of IPV
in early infancy responded reasonably well, probably because
their immune systems were largely intact.’” In hemophiliac
adults, however, HIV seropositivity had a negative effect on titer
levels after IPV, although all adults responded to some degree,7s
Chronic renal dialysis patients also seroconverted in 90% or
more of cases.'” In patients who had undergone bone mar-
row transplantation and were reimmunized after transplanta-
tion, vaccination. was usually successful in inducing antibodies,
although at least two and often three doses were needed.\ 7717

Follow-up of 134 stem cell transplant recipients who were
given three doses of IPV at 12months after transplantation
found that 94%, 94%, and 90% were seroprotected for types 1,
2, and 3, respectively. Those patients who had chronic graft ver-
sus host disease had less persistent antibody.!”

Taken together, these results demonstrate that IPV can be
immunogenic in many immunocompromised subjects.

Mucosal immunity

In general, nasopharyngeal immunity induced by IPY, as mea-
sured by the levels of secretory IgA in secretions, may be less
than the levels of such antibodies induced by OGPV, However,
nasopharyngeal immunity as measured by resistance to chal-
lenge by OPV viruses appears equivalent to such immunity
induced by OPV, On the other hand, intestinal inununity
induced by 1PV, whether measured by secretory IgA or resistance
to challenge, appears to be inferior to such immunity generated
by OPV. Many of these data come from Ogra,'* who found that
OPYV recipients developed nasopharyngeal and sometimes duo-
denal poliovirus-specific secretory [gA, whereas IPV recipients
produced lower quantities, 181182

Serum IgG can transit into the nasopharynx and intestine
after bath vaccines. Local [nasopharyngeal) and systemic antibody
responses after three doses of IPV, OPV, or a mixed IPV/OPV schedule
have been observed (summarized in Table 27-9%), but nasopharyn-
geal mean antibody levels were the highest following the OPV-only
schedule, Another study showed equal secretory IgA levels in pha-
ryngeal and stool samples of prior IPV and OPV vaccinees, 144

Both premature and full-term infants developed nasopharyn-
geal IgA after immunization in about 90% of the cases.!* Hovi®®
has studied IgA production in the intestine of IPV vaccinecs,
but found little IgA until the vaccinees had been challenged
with OPV. A correlation was found between the detection of
intestinal IgA and diminution of virus excretion.

Effect of IPV on poliovirus excretion after natural or b

experimental challenge

Early in the history of PV, it was shown that IPV vaccinees
could excrete poliovirus in the stools and in nasopharyngeal
secretions after chailenge, ¥-'% which has been considered an
important disadvantage versus OPV. Time has tempered this
vision particularly due to the progressive observation that IPV-
induced nasopharyngeal immunity could limit the virus shed-
ding from this site after challenge. Thus, in epidemiclogical
settings where the primary mode of interhuman transmission
in affected communities is oral to oral {vs. fecal to oral), IPV can
effectively terminate transmission.

Studies in monkeys demonstrated that pharyngeal excretion
of poliovirus was inhibited in IPV vaccinees equally or even
more than in OPV vaccinees.*** Then, Marine,'”® who fol-
lowed families exposed to natural wild-type 1 virus, found that
pharyngeal infection was prevented by low levels of circulat-
ing neutralizing antibodies induced by 1PV, higher levels were
associated with reduced intestinal infection (Table 27-10). A
similar correlation between the height of the serum antibody
titer and prevention of excretion was seen in Israel.’ In a
mere recent study, children who had received three doses of
IPV or OPV were challenged with two different doses of type 1
monovalent OPV.'* The results [summarized in Table 27-11)
reveal that, whereas few subjects in either group excreted virus
from the pharynx, intestinal infection oceurred in both groups
but was significantly lower in the OPV group (82% vs. 31%
for the high titer challenge and 46% vs. 18% for the low titer
challenge]. Nevertheless, the fact that high serum-neutraliz-
ing antihodies are a correlate of intestinal or nasopharyngeal
immunity is still debated. The persistence of local immunity
after polio vaccination has not been well studicd, but there is
evidence that resistance to reinfection wanes and that protec-
tion against paralysis ultimately depends on the level of serum
antibodies, 12195196

Table 27-10 Percent Excretion of Wild Poliovirus Type 1 in Children -
According 1o Level of Vaccine-induced Serum Neutralizing Antibody
o % xcretion at given fimo after Infectior

<8

g2 60
8-64 38, 97 81 54
>G4 25,88 59 28

F, pharyrix sample; §, stool sample.
Data from Marine WM, Chin TDY, Gravells CR Am J Hyg 76:173-195, 1862,

Table 27-0 Levels of Serum Neutraiizing or
i - OPV-OPV-OPY

Nasopharyrgeal IgA Ansibpdies in'Chil_dren After Three Dases of IPV, OPY, or a Sequenti_al Schedule

PY:[PV-OPV

Serum neutralizing
antibodies (%)

100 100 100 100

5,187

GMT 1,470 3,678 1,622 1,954 5,835 3,044 10,693 2,348
Nasopharyngeal sigA 100 100 100 89 a1 89 75 81 81
antibodies (%)

GMT 69 97 129 24 25 31 19

GMT, geometric mean titer; IPV, inactivated poliovirus vaccine; OPY, cral poliovitus vacaine.
From Faden, H, Modin J, Thomas ML, et al. J Infect Dis 162:1291-1287, 1990. With permission.
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. Chalenge do
High (560,000-600,000 TCIDS50)

3/45 (7) 37/45 (82) 14/45 (31)

1/45 2)
Low {500-800 TCIDSO) 0/48 (0} 0/34 {0) 22/48 (46) 8/34 (18)
ol 1/93 (1) 379 (4) 59/93 (63) 20179 (25)

Py, |nac1|valed pollowrus vaccine; OPV aral pohovlrus vaccing; TCIDRO, median lissue culture infective dose.

Frorm Onorato M, Modlin JF, McBean AM, et &, J Infect Dis 163:1-6, 1881, With perrmission.

Several challenge studies of IPV vaccinees have been con-
ducted using type 3 monovalent OPV. In one, 93% of [PV-only
vaccinated Finnish infants excreted type 3 virus in stools after
challenge with 300,000 median tissue culture infective doses
(TCID, ), hut there was ne control group ™™ The median length
of poliovirus excretion was 35 to 42days, and the excreted peak
virus titers were 10%¢ TCID,, per gram.*® In the second study, a
challenge with 600,000 TL.ID5u induced only 5% to 10% stool
excretion in Pakistani infants who received OFPV alone or a
sequential and mixed JPV/OPV schedule.'®

One study done in the United States had the advantage of a
control group that was unvaccinated. In this study, two doses of
IPV or OPV were followed by 4 dose of OPV*7 Stool excretion was
measured after that dose, in comparison to a group receiving OPV
for the first ime. ‘The results are summarized in Table 27-12,
which shows, in line with prior studies, that excretion of poliovi-
rus in IPV vaccinees is significantly lower and shorter than in the
unvaccinated, but more than in OPV vaccinees.

The recent Cuban study of IPV given by the EPT schedunle
showed virus isolation rates 1 week after challenge with OPV of
94%, and a mean log,, viral titer of any serotype of 3.46. The
titers of virus shed were about 0.5 log lower in IPV-vaccinated
children post challenge compared to unvaccinated children
being vaccinated for the first time with QPV.14

Until recently, OPV was the only polio vaccine used in
Mexico. A study done in contiguous border towns showed that
IPV-vaccinated American infants did not become infected with
OPV despite high-level poliovirus imyportation.**

In the city of Cordoba, Argentina, use of 1PV much reduced
the circwlation of OPV strains; although Sabin viruses were still
occasjonally detected in sewage, some of which had reverted to 2
more neurovirulent phenotype, no cireulating VOPVs [cVDPVs!
were detected 2% Mexico now reatinely immunizes infants with

1PV supplemented by biannual national immunization days with
ODV, A study showed that revertant and norrevertant Sabin-strain
viruses could be isolated from IPV-vaccinated infants 10weeks
after the campaign and from sewage for at least 13weeks ™’

The controversial question is whether or not the decreased
titers of polioviruses shed in stool and duration of shedding
observed in IPV vaccinees, results in less risk of transmission
than in unvsccinated populations or OPV vaccinees, and
therefore could contribute to the herd protection effect!® (see

"Herd immunity”). A recent review of intestinal excretion of
polioviruses after IPV vaccination conciuded that IPV does not
reduce the incidence of excretion but does reduce the guan-
tity of virus shed.?2® The unresolved issue is whether or not
decreased quantity means decreased transimission,

Studies have also examined the effect of IPV on the mutation
profile of OPV strains in the intestinal tract.!**® This phenome-
non, referred to as reversion to virulence, is a regular feature of the
replication of attenuated poliovirus strains, whereby the muta-
tions in thoge strains responsible for attenuation in humans revert
to the virulent genotype. Although the suggestion has been made
that prior IPV immunization potentiates that reversion 4%
a relatively large study failed to show a significant difference in
the mutation of excreted virus between 1PV and OPV-vaccinated
groups.®™ Recent analysis made on the virus samples isolated dur-
ing use of a sequential schedule in the United Kingdom'® found
that reversion occurred faster in vaccinees given 1PV or OPV
than in previously unvaccinated infants, suggesting that the virus
attempts o increase its fitness in the presence of antibodies. 2%

Efficacy of IPV and comelates of protection

The efficacy of IPV in its original version was proved beyond
a doubt in the original field trial conducted by Francis et al.»-#2%
In that trist, ~400,000 children randomliy received vaccine or
placebo, and another 200,000 were vaccinated and observed
together with unvaccinated children. There were 71 cases of
paralytic polio in vaccinees versus 445 in control subjects. In
the placebo-controlied part of the study, 70 cases occurred in
the ptacebo arm versus 11 in the vaccinated arm?® The caleu-
lated efficacy of the vaccine was B0% to 90% against paralytic
polio and 60% to 70% against ail forms of pelio.

The efficacy of IPV was later confirmed in several settings.
Melnick?” caleulated an efficacy of 96% through two polio sea-
sons in Houston. In Senegal, two doses of a DTwP-1PV combi-
nation vaceine were given in the Kolda area, which subsequently
suffered an outbreak of type 1 polio. A case-control analysis
revealed an efficacy for one dose of 36% [95% confidence lim-
its, 0%-67%) and for two doses of 89% [95% confidence limits,
62%-97%).20-213¢ I another study conducted in the North Arcot
region of India, John®! compuared OPV in one district with [PV
vaccination in two other districts. Vaccination coverage with
three doses rose to 85% to 90% in the OPV districts and 75%

Ta bIe 2? 12 \firal Shedding in Stoo% of Any Type Alter Trwa}ent OP\/ Administration 1o IPV Vacclnees OPV Vaccmes or Unvaccmated Inlants
Sweeks post OPV ST

- 1'week post OPV

;':P_r'.°;r};v5=91ﬁaﬁ6 o PCR pon 61

Nene 48 92 (80-98) 48

81 (67791)

'ff.'Geom'e_tr‘I_g: M_één copynor

1143

627
OPV X2 41 22 (11-38) 4z 5 (1-16) NA
PV x 2 42 76 {51-88) 38  97{2254) 135

*Qf positive slogls.

IPV, inactivated polio vaccing; OPY, oral poliovirus vaccine; PCR, polymerase change reaction.
Adapled irom Laassr M, Loltenbach K, Bslshe R, et al., J Infect Dis 192:2092-2098, 2005. With permission.
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to 80% in the IPV districts, Case-control analysis revealed an
efficacy of 92% for IPV and 66% for OPV. During the introduc-
tion of IPV into Canada, efficacy of the vaccine was calculated
at more than 90%,212

Correlate of protection

Neutralizing antibody levels above the 1:8 dilution threshold are
now well accepted by all national regulatory agencies as correlates of
protection when reviewing license applications for [PV-containing
vaccines, 2 although a 1:4 dilution may also be protective.

Herd immunity

The best evidence for a herd immunity effect of IPV is the expe-
rience in the United States where IPV was introduced into rou-
tine use in 1955 and was replaced by OPV in 1962. A sharp
drop in the numbers of cases of paralytic and nonparalytic polio
was evident during the years 1955 to 1962 {Figure 27-5). The
apparent reduction in the number of cases observed exceeded
the expectation based on the percentage of children vaccinated
(Figure 27-6}.21* More specific regional data were published that
suggested a greater than expected reduction in polio cases. 2

The second example of herd immunity comes from the
Netherlands where vaccination is refused by a religious com-
munity that is well dispersed throughout the country, although
PV is routinely administered to the rest of the population. Two
outbreaks of polio have occurred in this religious group, one
caused by type 1 virus in 1978 (110 cases) and the second by
type 3 virus from 1992 to 1993 {71 cases). Despite the wide cir-
culation of the virus in this community, there was only one case
of polio in other Dutch communities. Approximately 400,000
unvaccinated individuals not belonging to this religious com-
munity also remained unaffected. 522027 The virulent viruses
also spread to similar religious groups in North America, but
cases only resulted from the 1978 outbreak.*-*3 Qostvogel
et 1™ did an analysis of the circulating viruses in schools
affected by the outbreak from 1992 to 1993. Proof of recent
type 3 infection was found in 59.5% of the unvaccinated chil-
dren and in 22.2% of the vaccinated children.

The evidence for herd immunity comes from countries where
oral-to-oral transmission was probably the dominant mode of
interhuman poliovirus transmission. It is less clear if IPV is

B Observed
Expacted in absence of vaccine use
{1 Expected with vaccine sffect lImitad 1o vaccinees

Figure 27-6 Herd effect induced by 1PV in the United States from
1958-1961. The number of cbserved cases of parafytic peliomyelitis
wag consistently lower than the number that would have been expected
if vaccination had benefited only vaccinated individuals. (From Stickle, G.
Am J Public Health 54:222-229, 1964, With permission.)

able to induce herd immunity in countries where the fecal-to-
oral 1oute is thought to be the primary role in transmission.

Duration of immunity

Several studies have been conducted to assess the long-term
persistence of antibodies following different infant regimens
for the primary series with IPV-containing vaccines with or
without boosters with IPV-containing vaccines administered

i

Figure 27-8 [ncidence of pallo in the United States, The OPV was intraduced from 1961 to 1962, The dashed Hine indicates
paralytic palic only; the solid line measures the incidence of both paralytic and nonparalytic npolie. (From Centars for Disease
Immunization Against Diseass—1872. Atlanta, Canters for Disease Control and Pravention, 1873.)
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during the second year of life and/or during preschool age. This
section will not review long-term persistence data from studies
where primary series polio immunizations have been done with
sequential IPV/OPV schedules, because they are much less fre-
quent and because their overal] conclusions do not differ from
the ones described in the [ollowing sections. The vast majoricy
of studies have involved cohorts of subjects followed for vary-
ing periods of time that have been vaccinated within the con-
text of clinical trials aimed at documenting the early responses
induced by [PV-containing vaccines under development and/or
licensure. The studies have been grouped by type of IPV vaccine
used and then subgrouped by type of primary series regimen.
The first group includes studies done with the older IPV-
containing vaccines formulated before elPV was available.
These low-potency vaccines contained quantities of antigen
that were lower than the current formularions. Bottiger™® eval-
uated 30 Swedish children given two primary doses of IPV at
approximatclty 9 and 10 months of age and a booster dose at
2years of age. When tested at 10vyears of age {8years after the
last dose}, 100% of the children still had seroprotective levels
[21:4] of antibody to all three poliovirus serotypes. In addition,
in the same study, Bottiger cvaluated 220 Swedish children
given the same low-dose vaccine with three doses at 9 months,
t0months, and 2vears of age, and a later booster dose at Gyears
of age. At 1Byears of age (12years after the last dose!, 100%
of subjects were still serapositive (21:4) to all three serotypes.
The decline of antibody titers was greater during the first 3years
after the 6-year booster (0.13-0.22 log, , fold-reduction per year]
than dwring the next 9years {0.05-0.10 log fvid-reduction
per year). In another study conducted in Sweden by Taranger
et al,?® two primary series immunization schedules were evalu-
ated. All subjects were given an older low-dose 20-4-16 D-Ag
units TPV concomitantly but at separate sites from DTaP and
Hib vaccines, One group of 103 children were imununized vsing
the standard Swedish schedule at 3, 5, and 12 months of age;
the other group of 118 children were immunized at 2, 4, 6, and

" 15months of age. At 4years of age, 93% to 100% of children on

the 3-5-12-month schedule and 96% to 100% of children on the
2.4-6-15-month schedule scill had seroprotective titers (z1:4) to
the three poliovirus seyotypes,

The second group of studies includes studies done with
modern, IPV-containing vaccines, and is further subgrouped
according ta the type of infant/toddier schedule used, That is,
two doses in infancy followed by one dpse in the second year
of life (2 + 1), three doses in infancy with no booster dose in
the second year of life {3 + 0, or, finally, three doses in infancy
{6-10-14 weelts of age, or 2-3-4 months, or 2-4-6 months of age)
followed by a booster in the secand year of life {3 + I}, Their
tesults are swnmarized in Table 27-13,2%340-24 All of the avail-
able data show persistence of antibodies only up to the pre-
school age, because all of these cohorts have received a preschool
hooster with an [PV-containing vaccina, No data are available
in cohorts of subjects primed with these different infant/toddier
schedules who have not received a preschool booster with
an IPV-containing vaccine, Qverall, these studies show that
the persistence of poliovirus-nentralizing antibodies s well
established at least until prescheol age by the 3 + 1, 2 + 1,
and 3 + 0 schedules, with slightly higher titers in faver of the
most complete schedule (3 + 1). In al! studies where evaluated,
antibody titers declined more rapidly during the first 2years
after the Jast dose (0.45-0.60 log , fold-reduction/year for each
of the three serotypes} but remained more stable during the
following years. When a preschool booster is given following
these different infant-toddler primary immunization schedules,
there is evidence of a marked anamnestic response with high
titers when measured in the month following the preschool
booster, Based on data from the historical Swedish data noted
eatlier, duration of protection is expecied to be long term, if not
lifelong. Whether additional boosters will enhance long-term

protection is stitl debated,*® but some countries recommend
post preschool age additionzl doses. A compromise position
would be to Tecommend four to five doses of IPV with the last
one administered at preschool age, as, for cxample, in the cur
rent US schedule, which is ages 2, 4, and 6 to 18 months and
4to6vears 2+ 1 + 1or3 + 0+ 1); or in the UK, which is
ages 2, 3, and 4 months and 3 to 6years (3 + 0 + 1) (but in this
case, the UK recommends a fifth dose at 13-18 years of age}; or
in some other European countries, which is ages 2, 4, 6, and 15
to 18 months and 4 to 6years {3 + 1 + 1),

Experience is very limited with regard to duration of persis-
tence of antibody in countries that do not recomimend boosters at
preschool age or later. Thus, it is not clear if immunity will persist
long term in the absence of such preschool or later boosters.®*
Therefore, given the present state of knowledge, it seems prudent
to recornmend that a preschool booster be part of any IPV rou-
tine irmmunization schedule, The need for subseguent boosters
in countries relying on five consecative doses of IPV from birth
to preschoo] entry {3 + 1 + 1 schedules) has not yet becn estab-
lished. The availability of IPV-containing combination vaccines
licensed for adolescent and adult populations {Tdap-1PV} will
facilitate adolescent and adult boosters, but available data do not
suggest such boosters are needed. In fact, few countries recom-
mend such boosters. However, few studies have evaluated per-
sistence of poliovirus-neutralizing antibodies beyond childhood
feHowing primary immunizations®? {sce also Figure 27-7), as the
first countries who put in place routine and exclusive use of mod-
ern IPV-containing vaceines schedules started in the mid-1980s.
Thus, the cohorts of infants having received such schedules are
just starting to reach their thirties.

Satk argued that immunologic memory is established by
primary vaccination with IPV and that no further immuniza-
tions are necessary.+2% He showed that, whereas unprimed
individuals reacted with only low responses to a single dose
of IPV previously vaccinated individuals, even those origi-
nally given fractional doscs, developed anamnestic yesponses
{see Table 27-2), In his apinion, the vaccinees wouid respond
similarly to an infection, thus preventing viremia and disease.
Swartz!% and colleagues showed that newborns gould be sensi-
tized to develop an anamnestic response to IPV at age 6 months
if they were given a dose at birth. In contrast, Durch work-
ers identified a group of elderly IPV-vaccinated but now sero-
negative subjects who were challenged with QPV.27 Although
a third had anemnestic serum antibody responses suggesiing
prior exposure to type 1 virus and immunological memory,
those responses did not appear o protect them against intestl-
nal infection with the virus,

Adverse gvents

IPV is a very well-tolerated antigen,’>™ When infants are
injected intramuscularly with IPV stand-zlone vaccine, injec-
tion site arythema is seen in 0.5% to 1,5% of infants, induradion
in 3% to 11%, and tenderness in 14% to 29%.% The combina-
tion of [PV with other vaccines, such as DTWP/DTaP [supple-
mented or not by Hib and hepatitis B), does not seem ta add ta
the reactions expected with those vaceines alone {Sanofi Pasteur
and GlaxoSmithKline, published and unpublished data].?!.#»2®

1PV-containing vaccines are now licensed in more than 100
countries®® and it is estimated (2010} that 25 to 30 million
newborn infants and approximately 15 million children, ado-
lescents, and adults receive them every year Overall, the num-
bers of adverse events reported to the manufacturers have been
fow, and the types of reactions reported have been classical and
without concentration in a single category.

The US CDC Vaccine Adverse Event Reporting System data-
base assembled between 1991 and 1998 was reviewed for reac-
tions attributed to IPV*¥ The putative reactions were compared
with reports of reactions to OPV. No significant change was
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Flgure 277 Elghl- to nine-year follow-up study of poliovirus
neutralizing antibodies in children immunized with MRCE-produced
PV, Vaceinees raceived a two-dose primary serles at 2 and 4 manths
of age and booster vaccinations at 18months and 4 to Byears of age
(indicated by the syringe symbol). (4) Fercentage of children with a
nautralizing antibody titer of 4 or greater, (B) Natural iogarithm of the
GMT. (Reprinted from Murdin AD, Barreto L, Piotkin 8A. Vaccing 14:735-746,
1995, With perprission fram Elsevier Sclanca.)

seen in the types or frequency of reactions such as fever, convul-
sions, and local reactions. Both vaccines generally were admin.
istered in associatlon with other vaccines such as DTWE so
these events cannot be attributed necessarily to IPV or OPV.
Safety data acoumulated by Sanofi  Pasteur and
Glaxo$mithKline on combination vaccines containing 1PV also
have not shown unexpected veactions attributable to the [PV
vaecine. As one example, among dozens, in one study of 2,195
infants given a DTaP-IPV vaccine associated or combined with
one Hib vaccine at 2, 3, and 4 months of age, there were no sei-
zures and no hypotonic hyporesponsive episodes, fever higher
than 40°C in only 0.1%, and inconsolable crying in only 0.15%.3*
With regard to major adverse events, the events reported
within the context of the “Cutter incident” are unigue in the
history of IPV. Between April and June 1955, shortly aiter
licenswre in the United States, 204 cases of type 1 polio were
observed in association with use of the vaccine manufactured
by Cutter Laboratories ¥ After investigation, 60 cases in

vaccinees and 89 in family contacts were judged to be caused by
two lots of vaccing in which infectious virus had not been com-
pletely inactivated. About 70,000 children received the two lots,
and half were probably seronegative to type 1. Virologic studies
revealed infection in 10% to 25% of vaccinated children and
found zn incidence of 1 paralytic case in every 100 to 600 infec-
tions, The incriminated lots all had passed release tests, includ-
ing monkey neurovirulence and tissue culture infectivity, but
other lots similarly manufaceured had failed. A requirement for
serial lots to pass safety tests was then introduced at that time,

The Cutter incident was due to 2 lack of regulatory supervi-
sion of companies that had no experience in making IPVs, and
serves as a lesson in vaccine safety Since the Cutter incident
and the safety measures instituted as a result of that experience,
there has been no evidence for defective manufacture of [PV,
Several hundred million doses of 1PV produced by the major
manufacturers have been used without association with sub-
sequent polio, or other scripus reaction 232 As mentioned
previously, augimented use of IPV in routine vaccination in the
US since 1997 and later in countries like the UK, Australia,
Mexico, South Africa, and Turkey has permitted additional
accumulation of data, again without indication of a causal rela-
tionship to serious adverse effects,

Recently, a retrospective safety issue has been raised. Like QPY,
early versions of IPV contained simian virus 40 (SV40) derived
from primary rhesus monkey kidney cells, Studies showed that
$V40 transformed cells in culture and caused twnors In animals,
After the discovery of the virus, $V40 was eliminated from [PV
in 1963. Nevertheless, SV40 antigens have been discovered in
mesothelial tumors, brain tumors, and nori-Hodgkin's lympho-
mas, and even in individuals not exposed to polio vaccines before
the vaccines were cleared of the virus %527 The still unresolved
issues are whether or not SV40 was succegsfully removed from
the seed materials; whether §V40 infects humans from sources
other than polio vaccines; whether if, having come from polio
vaceines, it now has an independent human-to-haman transmis-
siory; and whether or not it is a passenger virus in the tumors and
not the cansative agent, Although epidemiologic studies have
been negative so fag; the jury is still out 2929

Flare-ups of disease were reported in approximately 6%
of systemic lupus erythematosus patients whe recelved IPV,
However, about the same rate was seen in OFV recipients, and
no control group was studied, ¢

Recommendations for IPY

Infants

IPV-containing vaccines are now recommended in routine
public vaccination programs in many countries including in
American jnfants and children,?'2¢2 In the United States, the
routine schedule is a single dose at 2, 4, and 6 to 18 months fol-
lowed by a fourth dose at 4 to 6 years of age (preschool entry), As
of the end of 2011, 1PV-containing vaccines are routinely rec-
ommended for infant vaccination against poliomyelitis in nearly
60 countries including Canada, almost all European countries
including Eastern Europe, Australia, New Zealand, Mexico,
Turkey, South Africa, Costa Ricz, Taiwan, and Malaysia 22

Children

For children who need rapid protection because they are travel-
ing to a zone where polio is endemic or epidemic, or for those
who have not been vaccinated previously, the recommended
schedule is two doses 1month apart followed by a booster
6 months later (or, if pressed for time, at least ! month later),

Adults, including travelers

Routine {rejvaccination of adults is not recommended in the United
States,® but is recommended in some European countries.?$



592 | SECTION TWO: Licensed vaccines

If adults need primary polio vaccination, they should always
receive [PV, because VAPP after OPV appeats to be more common.
after 18years of age. IPV-containing combination vaccines smade
of law-dose diphtheria and tetanus tozoids plus IPV [some includ-
ing also low-dose acellular pertussis antigens) have been developed
and licensed in marty countries.””™* In principle, vaccination of
previously unvaccinated adults, to protect them from VAPE is rec-
ommended when they are in conzact with children excreting OPV.
Adults traveling to polio-epidemic or polio-endemic areas should
teceive [PV as a booster before their first trip.26" Laboratory per-
sonnel working with wild polioviruses should have previously
completed vaccination. Health care workers should also be vacci-
nated because they may come into contact with wild poliovirus or
reverted attentrated viruses excreted by vaccinees,

IPV is universally recommended for subjects with known
congenital or acquired immunodeficiency, including HIV infec-
tion, in view of the VAPP rigk in those patients after use of
OPV.2¢ Those receiving systemic steroid therapy or chemother-
apy are included in tlils indication. In developing countries OPV
is recommended for asymptomatic HIV-seropositive people,
because the risk of polio from wild viruses is considered larger
than the risk from VAPPE In industrialized countries where OPV
is still routinely used but IPV is available for some indications,
family contacts of immunccompromised people should receive
IPV instead of OPV t0 avoid transmitting the vaccine viruses to
the immunocompromised host.

Contraindications o IP

Formal contraindications to IPV consist of previous severe reac-
tion tn IPV vaccine or known or decumented allergy to strep-
tomycin, neomycin, or polymyxin B. Neither pregnancy nor
breastfeeding is a contraindication.

Simultanecus use with other vaccines

No clindcally relevant interference effects have been described
when IPV is used in association or in combination with
licensed DTwP/DTaP, Hib, or hepatitis B vaccines. The largest
experiences with IPV combinations have been between the mid-
1980s and the mid-1990s with DTWP-IPV and DTwP-1PV/Hib
in France and Canada, and since the mid-1990s with DTaP-
IPV-backboned combinations including HepB and/or Hib in the
United States, Canada, Furope, and elsewhere [see Chapter 40).
In combination vaceines, IPV is compatible with DTaP Hib,
and hepatitis B, although generalization is difficult owing to
the pharmaceutical specificities of all of these drug substances,
which are the key driver of the mixability of these antigens.
Extemporancous mixing of two distinct liquid finished products
should not be made by vaccinators.

Resufts of vaccination programs with [PV
Experience with IPV in national programs has been longest in
Europe and in Canada. Some countries have used IPV exclu-
sively since the mid-1950s, and some as part of mixed or
sequential schedules with OPV as reviewed by Murdin,*=
Plotkin,** and Bonnet and Dutta.®

Table 27-14 lists the neazly 60 countries (2010) where [PV-
containing vaccines are recommended for routine pediatric vac-
cination as IPV-only schedules or as part of sequential schemes
with OPV or as IPV-only schedules supplemented by SIAs with
OPV2% Some of these experiences are reviewed in the next sec-
tion for several WHO regions.

Table 27:14 Countries where IPV is Recommended by Health Authorities' o
- or By Medical associations far Routine Pediatric Immunization (201 0).*

"/ IPV-anly schedule

IPV/OPV seq

Bahamas

America Samoa

Andaorra Bahrain

Australia Belarus

Austria Bosnia-Herzegovina

Belglum Costa Rica

Bulgaria Jordan

Canada Kuwait

Croatia Lebanon

Cyprus Malaysia o

Czech Republio Marshall Islands

Denmark Mexico

Estonia Montenegro
-._T:J:nland Palestine

Franca Poland

Germany Russian Federation

Greece Saudi Arakia

Hong Korg Syrian Arab Republic

Hungary Ukraine

fceland United Arab Emirates

Ireland Oman

Israsl IPV/OPVY combined schedules

Italy Turkey

Lahia South Alrica

Lithuania Qatar

Luxembourg

Malta

Monaco

Netherlands

New Zeatand

Niue

Norway

Palau

Fortugal 7 T o
‘""Homanla

San Marino

Slovakia

Slovenia

South Korea

Spain

Sweden

Switzerland

Talwan

United Kingdom

& Northern Ireland

United States

*Either as {PV-only schedules or as part of sequefllid! IPV/OPY schedutes
or as part of IPV/OPV combined schedules. SUA.
IP, inactivated polic vaccing; OPV, erat polipdirus vactine. - a{
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European region

Many countries of thig region have been early adopters of IFV.
Sweden has used IPV since 1957, In 1989, modern IPY replaced
the original vaccine, Indigenous circulation of wiid poliovi-
ruses was stopped by 1962,% although a subsequent outbreak
oceurred in ap unvaccinated religious community without
spread to the whole population.

Similatly, IPV has been used in Finland for many years,
starting with first-generazion vaccine and changing to mod-
ern IPY in 1985. The only outbreak of polio reported since
the introduction of IPV involved 10 cases in 1984 under the
following circumstances.”'*’® The type 3 component of the
first-generation IPY was of low potency, with a minority of
vaccinees responding with antibodies and vaccination cover-
age had slipped to 80% before outbreak onset,*”* Investigations
tevealed that the type 3 wild-type virus was introduced,
probably from Turley, and was genetically distinct from the
Saukett virus strain used to manufacture the vaccine® and,
because of that it escaped neutralization.? A trypsin-treated
vaccine was developed in an attempt to correct the specific-
ity of the type 3 response,?™ but tests showed that it did noe
improve the immunogenicity.?”* OPV was brought in to stop
the outbreak, after which the Finns returned 1o using 1PV,
but in the form of the modern vaccine, The medern 1PV did
induce neutralizing antibodies to the Finnish mutant virus,
and no spread of polio virus to Sweden vccurred during that
outbreak.?®®

Denmark started with a mixed and sequential schedule in
1968. Starting in 1970, Danish infants received IPV at 5, 6,
and 15months of age, followed by OPV at 2, 3, and dyears of
age. Single polic cases were diagnosed in 1969, 1976, 1980,
and 1986, and the last two were imported. No wild-type virus

has been identified in sewage samples since 1968, Not surpris- -

ingly, seroimmunity has been virtually 100% at afl ages of the
Danish population, 2% Na VAPP has occurted among 1,5 mil-
lion Danes who have recelved two or more doses of IPY, and
Denmark changed to an all-IPV schedule,

In the Netherlands where modern IPV had its roats in the
late 1970s,¢ polio has been prevented in the general popu-
lation by combining D'TwP-IPV or, more recently, DTaP-IPV
vaccine. In 2001, a survey of immunity in the general Dutch
population revealed seropositivity rates of $7%, 93%, and 90%,
respectively, for polioviruses types 1, 2, and 3.7 As described
eariier, however, two outbreaks have occurred in Protestant
religious communities refusing vaccination without spread to
others (see “Herd immunity”), :

Polio disappeared from Iceland in 1960 after the intro-
duction of IPV vaccination in 1956.%® Norway started vac-
cination with [PV in the late 19508 but switched to OPV
in 1965, After that switch, there were six cases of VAPE of
which five were in unvaceinated people and the sixth in an
individual given IPV 10vears earlier (L. Flagstrud and H,
Nokleby, personal communication). Because most of the
population had received IPV previously, it appears that VAPP
had been almost completely prevented by prior IPV vacci-
nation. Norway switched back to [PV in 1979, and since
then the only reported poliomyelitis has been imported from
abroad 2¢

France is a good example of a sizable country exposed to reg-
wlar poliovirus importations that has kept the disease at bay
with IPV vaccination only. France started vaccination with
IPV in 1956, but in 1965 OPV became the recommended vac-
cine. Both OPV and IPV were in use until 1983, when mod-
ern IPY was recommended, VAPP occurred sporadically
during the use of OPY but ceased to be seen after 19867+
The last wild poliovirus AFP case was reported in 1989, and
atternpes to find indigenous wild-type viruses in sewage have
not been successful since 1989, 275382

In Germany, a switch from OPV to IPV was made in 1998,
because in the prior decade there were 15 cases of VAPP compared
io only 2 cases caused by imported wild viruses, Doses were rec-
orrunended at 2, 4, and 11 to 14 monehs of age, with a booster In
adclescence., However, because [PY-containing combination vac-
cines are in general use in Germany, most infants receive IPV
doses at 2, 4, 6, and 11 to 14months of age.

The United Kingdom switched from OPV use to an exclu-
sive use of IPV in 2004 when a pentavalent aP-IPV combina-
tion became licensed and was then recommended. Many other
European countries use all-IPV schedules. In addition, as the
use of pentavalent and hexavalent combination vaccines con-
taining IPV becomes more general, more countries are likely
to switch,

Americas region

All Canadian provinces have used IPV, OPV, or 2 mixed sequen-
tial schedule since the inception of vaccinaticn in 1955, and
the experience has been particularly large in Ontario, Canada's
most populous province. Since 1997, all provinces are using
1PV through the use of IPV-containing aceliular pertussis com-
binations, The last indigenous case of polio occurred in 1988,
and was related to importation of the virus. Introductions of
poliovirus from the Netherlands in 1979 and 1992 and from
the Indian subcontinent in 1996 failed to spread to the gen-
eral population.'0?31228 Ontario, the largest province with the
largest immigrant population, has had the most introductions,
but provinces using OPV have also had wild poliovirus intro-
duced. In every case, the wild virus was confined to unvacei-
nated immigrant groups or unvaccinated religious cults, while
the general population was unscathed.

In the United States the early use of first-generation IPY
was discussed previously (see “Herd immunity”}. Despite
incomplete application of the vaccine, polio incidence fell 95%
between the Introduction of the vaecing in 1955 and its aban-
donment in 1961 {see Figure 27-5). The remaining cases, many
of them in IPV vaccinees, sapped confidence in the vaccine and
caused its replacement by OPV2%2% The last cases of indig-
enously acquired wild-type paralytic polionyyelitis in the United
States oceurred in 1979 among unvaccinated Amish children
i Pennsylvania, Missouri, Iowa, and Wisconsin, The evolu-
tion in polio vaccine policy in the United States is summa-
rized in Table 27-15, Opinien gradually shifted away from OPY
and toward 1PV, but with the preference for a combination vac-
cine, Although a combination vaccing containing [PV was not
licensed at that time, IPV was reintroduced into recommended
use in the United States in its enhanced-potency form in 1997
as part of a sequential schedule consisting of two doses of [PV
at 2 and 4months of age, followed by two doses of OPV at 12
to 18months and 4 to 6years of age?® VAPP cases immedi-
ately decreased to three in 1997 and one in 1998, All of these
cases occurred in children whose physiciang had elected to start
immunization with OPV rather than the recommended 1PV,
Three years later, in 2000, the United States chose four doses
of IPV as the recommended regimen. ¥V The primary rea-
son for the reintroduction of IPY in the United States was the
perception that polio was vanishing from the world, whereas
paralysis associated with OPV was exacting an average yeatly
toll of 8 cages 263268285286 Before the switch occurred, concern
was expressed that the use of stand-alone IPV vaccine might
decrease immunization rates because of the necessity of addi-
tional injections. Flowever, this was not the case, and immuni-
zation rates were unafiected by the change to partial and then
complete IPY schedules, 5928728

Mexico [singe 2007) and Costa Rica (since 2010) have relied
on the use of IPV, contained in a pentavalent aP-[PV combina-
tion vaccine, with continuation of SIAs with OPV twice a year
in Mexico.
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Yable 27-15 Steps in US Decisions Racpasling Polio Vaccination .

ioes ettt 1P oons
1961 Polio outbreak shows partial effectiveness of IPV: epidemiclogic data show that IPV does nat complately prevant

poliovirus circulation )
1983 tOPV licensed, replaces IPV as recommended vaccine
1964 Surgeon General's comrmittes concludes that 57 cases of VAPP occurred between 1961 and 1964 (reversion to virulence
first recognized in 1955)

1970s Van Wezel and Cohen at RIVM improve manufacturing processes of [PY
1977 iOM raport recommends OPV for children, IPY for adults
1978 Institut Mérieux develop technolegies for manufacturing PV in Vero celis; monkey celfs no longer needed
1988 IOM report recommends staying with OPY until IPV eombination available or 90% coverage reached
1995 10M workshop recommends moving toward 1PV
1997 Sequential schedule adopted by ACIP
1999 ACIP recommends sequantial schedule or all IPV; OPV alone not recommended
2000 IPV only schedule recommended
ACIF, Advisary Cammittes on Imrmunization Practices; IOM, Institute of Medicine: 1PV, inactivated poliovinus vaceine; OPV oral poliovirus vaccine; RIVM, Rijksinstituut
Voor Volksgezondheid en Milen; VAPR vaccine-assaciated paralytic paliomyelitis,

Eastem Mediterranean region Rationale for the use of IPY

I both poli ines i )\ i . .

— ps;l‘:igiiﬁ u:;icile;ﬁollz:;lilco :ﬂf;gz;"il;%zﬁsg I;'; :;02(0) ve t&:ﬁf Since .the early .19605, the well-recorded va}ccmology contro-
ties that live close together have different hygienic conditions Efr;g s "}i:glg g(?cf 601;?;\1!1 OI-EZOP:{-L:OZI ro;::m . vaogxgia t;gn n
and levels of vaccination coverage. After a brief experience ta ?EIPV- o OPsV-o nla res . da w:i ages a:} ol IPSV/(;?;
with IPV, Israel started routine OPV vaccination in 1960, Sdg;i ul mci y’ssen tl'? wmc an : eqf;lel;Plv
Vaccination coverage reached high levels among both Jewish oafe {:'1(8)' VAPI;ean d Ci’ inde ctimfl;)g;l{fngrl;\/s' ] T redi ?Sf:lge aré:
and Arab children. Nevertheless, sporadic poliomyelitis con- v ; no Inau h 51 Predictable an
tinued among Jews, and small epidemics continued to occur ~ COTSIStent immunogenicity, and the possibility of its inclusion
in the West Bank and Gaza.>%*In view of the failure of OPY 1P cprgbmfitmn fvl:;xccmes. The key arguments for OPV usage
to control polio, in 1978 the Israelis introduced a combined a.rdt:_nl.n.ucuc.m Of better mucosa% mtestma} immunity, ease of
mixed schedule: OPV was administered at 1, 2.5, 4, 5.5, and a m}sétrat]on.to dl arg}el bop tﬂz:ttlons,ﬁla nd oW cost, The argu-
12months of sge, and IPV [as a DTWP-IPV vaccine) was given  ient 1% @ ied schedule is o fusc the inmunogenicity
at 2.5 and 4months of age. For 2 time in the 1980s, there PV is sfart ed first F ° when
were no cases in Israel proper and only'sporadlc cases in thf-: VAPE which is discussed in detail in Chapter 28, is an ines-
Palestinian areas,*** All was well until 1988, when an epi- 7 - d A
demic of 15 cases of type 1 polic occurred in Israel® local-  S2P abﬁ:ag? cnomenon d&‘;lt ?Eﬁ been consistently Dbsfleld ‘imh
ized in one of two districts that had adopeed IPV vaccination gpt\lfe c‘hoiléje ?J\f;rngre‘?;r rgu:)in(e): Vualgccii;i}];r:sé?ni:fe:]ft oin: e::l
of infants, Although the analysis of this epidemic is contro- ticular country: 1 : $ par
versial, it is clear that antibody responses to OPV were sub- try o o .
optimal among Israeli young adults, resulting in a Jow leve]  * Absence of paralytic polio and likelihood .thatlw:lld ‘
of resistance, Conversely, the wild virus may have circulated polioviruses are no longer circulating. This criterion applies
among infants immunized with IPV only, aflowing spread to to countries where eradication of polio has been certified,
their parents. The response to the epidemic included mass even if importation is possible by migrants.
vaccination with OPV and the institution of three doses of « High vaccination coverage with routine DTP equivalent to

"7 DTP-IPV in the routine vaccination scheme together with four 90% or better tn infants and children, so that introduction
simultaneous doses of OPV.** Since 1988, no cases of polia of wild virus is unlikely to result in spread.
have been reported in Israel or its territories, despite an out-  » Ability of the medical systems or of vaccinees to afford the
break in neighboring Jordan from 1991 to 1992 that caused costs of IPV-containing vaccines, although the cost issue
wild virus circulation in Gaza ?# is not straightforward, particularly when a full pharmaco-

B ] economical cost-effectiveness analysis is made, including
Western Pacific region the cost of National Immunization Days with ODV,

Since 2007, an IPV introduction program has been put in A dose of OPV costs $0.13 to $0.14 for UNICEF o for ather types
place in the entire Yogyakarta province of Indonesia, and IPV  of public markets, whereas a dose of IPV stand-alone costs €3.5,
is the exclusive EPI vaccine used. Polioviruses were only iso- but this price may be unduly high because volume orders are low.
lated a few times in sewage samples after the switch to IPV but  Inprivate markets, the price of stand-alone IPV vaceines and IPV-
some chalienges in the environmental sampling occurred.?s containing combination vaccines vary widely, depending on the
Seroprevalence/seroconversion surveys and vaccination cover- type of markets and the type of vaccine used [the IPV-containing

age evaluations have not vet been reported. combinations representing the vast majority of volumes distrib-

fustralia and New Zealand are now using IPV-containing  uted), and prices start at several US dellars. Public sector prices
acellular pertussis combinations based on a cost analysis show-  also vary considerably depending on the type of mazket, volume
ing that the introduction of IPV in a combination vaccine cost- purchased, and contract conditions. However, givef the right con-
ing $10 or less is cost-effective. 2% ditions, the prices of IPV-containing combi 1o yagdiries:{today
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s of Al-OPY, All-IPYV, or IPV/OPY Mixed Vaccination Schedules

Tabje 27-16 Advantages and Disadvantage

i PV, - IPV/ORV. ,_
VAPP 1 case per 250,000 to 800,000 Estimated reduction of 50-100%
following first vaccinations® in VAPP cases
Safely {other than VAPP and Excellent Excellent Excellent
VOPY)
Bystemic imrmurity Good Good Good
Intestinal immmunity Excelient Shorter excretion and Excellent
reduced titers in axcreta afier
challenge
Transmission impact vasiable
Oropharyngeal immunity Excelient Excellent Excellent
Efficacy Excellent Excellent Excelient
Transmission lo contacts and Yos No Soma
secendary vaccination
Extra injections No Yes if standaione Same as for all IPV
No if part of combination
vaccine
Reduced compliance No Possible if stand-along Possible if stand-alone vaccine
vaccine
Availgbility of combinations None Yes Yes
Cost Low Higher, although price Intermediate

difference depends on
volume, use of combinations

“WHO eslimate is between 1/250,000 and 1/800,000 lirsi CPY doses. From WHO. Wiy Epidemiol Rec 86:205-220, 2011.
[PV, inactivated polic vaccine; OPY, oral poliovirus vaccine; YAPR vaccine-associaled paraytic polio; VOPY, vaccine-derived pofiovinses.

all of them are acellular pertussis combination vaccines] could be
in the $5 to $8 per dose range, If the IPV-containing combinations
were based on whole-cell pertussis rather than acellular pertussis
vaccines and ideally manufactured from nonWestern manufac-
turing units with lower manufacturing cost structures, the prices
would be lower, Although these prices per dose are grealer than
the price of OPY, the human and financial costs of VAPP and
VDPY, the high amount of wastage of OPY, and the cost of keep-
ing the ora} vaccine frozen must be taken into account, An analy-
sis commissioned by the Bill and Melinda Gates Foundation®’
concluded that if requested, current manufacturers could supply
IPV for all the world's children, although several years would be
required for ramping up. The report also estimated that this level
of production eould lower the price per dose to between $0,50 and
$2.00, Howeves, the price of IPV In combination vageines was not
ealoulated. These prices are still substaneially higher than the cose
of OPV and WHQ is undertaking efforts to bring them down o
those of a course of OPV (sce the following section). Khan™* con-
cluded that if the risk of recrudescence of wild or vaccine strain
polio is taken into account, the cost of IPV replacement of OPY
would be less than continued use of OPVY.

In the scope of its Global Polic Eradication Initiative Strategic
Plan 2010-2012, WHO has actively engaged in promoting
research and development activites toward the emergence of
afiordable IPV solutions, The major focus for PV research has
been on its use post wild poliovirus cireulation cradication when
OPV use must stop because of the potential for cVDPVs, although
research on possible pre-eradication IPV vaccination has also been
conducted. The hope for post-eradication IPY use is to minimize
the risks of reintroduction and spread of polioviruses as cVDPVs,
or through laboratory containment breaks, spread from chronic
immune-deficient poliovirus shedders, and even the potential for
reintroduction of poligviruses as part of bioterrorism. By assuring
continuing population immunity through IPY, those risks could
be markedly reduced. The Polio Research Committee,* the polic

working group of the WHO Strategic Advisory Group of Experts,*
and the Independent Monitoring Board®® are regularly reviewing
progress made from a multipronged approach, This approach
includes developing a better understanding of the role that can be
played by IPV in boosting immune responses, particularly intes-
tinal immunity in populations shown to be poorly responsive to
QDV to the development of new IPV vaccines, or to new ways of
using existing vaccines, The “low-dose” option consisting of the
use of the ID intradermal route {described above), or of one-dose
IPV regimen followed by one or more OPV [“light” mixed sequen-
tia} schedule), or of two-dose IPV-only regimen is being explored
{see “Immune responses”). The use of classical {aluminum sales)
ar new [squalene-based emuisions or other) adjuvants aimed at
reducing the amount of antigen is also under active investigation,
The most advanced option is the use of the Sabin straing allow-
Ing potential new manufacturers, particularly thosg in the devel-
oping world who may be able to produce vaceine more cheaply,
to play 4 role in IPV supply {see “IPV manufactured from Sabin
strains”). Finally, the development of new and alternate poliovi-
rus seed strains usahle for [PV manufacturing based on seabilized
Sabin-like strains or on more innovative options based on the use
of noninfecticus genetic material transfected in expression sys-
tems is under investigation.

The most recent position of WHO®® is that “The national
choice of vaccines and vaccination schedules during the pre-
eradication period must include OPV or IPV, or & combination
of both, and should be based on assessments of the probabilities
and consequences of wild poliovirus importation”, However,
WHO notes that after eradication, use of OPV will have to stop
and the vaccine may become unavailable.

“The criteria for adopting mixed sequential schedules begin-
ning with IPV and ending with OPV are the same, but with the
addition of a public health policy factor; the desire to prevent
polio by all possible means, taking advantage of both vaccines
but alse eliminating VAPP39:51
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Role of IPV in poliomyelitis eradication

The role of IPV in facilitating eradication and its verification
is much disputed, ranging from no role at all?os221 tq complete
substitution of IFV for OPV322

Continuous wild poliovirus circulation has been eradicated
from several of the WHO regions, but isolated importations of
polioviruses have occurred in some of them, such as in Russia®®
recently and may continue to oceur,

The principal weapen in the eradication efforts has been
OPV givenl in national campaigns, although the same goal was
achieved in many European countries using IPV, OPV campaigns
are also having a marked impact on the incidence of polio in tra-
ditionally endemic areas, such as the Indian subcontinent and
Africa. ' However, confidence in the feasibility of eradication has
wavered.?'* First, because in 2003 false journalistic rumors con-
cerning HIV and estrogen contamination of OPV caused cessation
of vaccination in Nigeria, which subsequently led to poliovirus
circulation and spread w0 18 cauntries;*™ second, because the
phenomenon of epidermics due to VDPV attributable to extensive
mutation and recombination after circulation was recognized;!#
and third, because the costs of the program began to cause doner
fatigne. Although successful elimination 6f wild polio in India has
been made with a never before attained low level of polio inci-
dence at the end of 2011, some Indian scientists have been
particularly vociferous in calling for greater use of IPV315317 The
viewpoint of the WHO is that only OPV should be used as the
principal cool for eradicating polio in developing countries, e
However, John,® working in Southern India, showed that IPV
can be highly effective in preventing polio without the problems
of OPV [VAPP and the need for repeated administration to obtain
uniform sercconversion], Nevertheless, India may have eradi-
cated polio using an OPV-only approach. As of May 2012, only
one case of acute flaccid paralysis due to wild poliovirus had been,
reported in India during 2011, a case in West Bengal, with anset
in January.® The WHO recognizes that there may be as many as
500 VAPP cases per year throughout the world,? that VDBV has
become a real threat to eradication,®® and that monovalent and
bivalent OPVs are needed to increase efficacy.

Various strategies for the “endgame” have been suggested.
The stated strategy of WHO is to stop using OPV once eradica-
tion has been certified. 3 WHO advisory groups are now delib-
erating on what the role of TPV should be post-eradication. It
is likely that at a minimum, 1PV will be used in all countries
that manufacture IPV, and it is also likely that IPV will be made
available to other countries that wish to use it, What is more
controversial is whether IPV will be recommended for all coun-
tries or if it will be left to individual countries to make their
owr: choices. The risk for countries that do not use [PV ig the
potential for [ate recoguition of a return of polioviruses, Since
80 many infections are subclinical, by the time cases wounld
be recognized, it could be very difficult to contain, particu-
larly if underlying population immunity is 0% among cohorts
born since the stoppage of OPV, This strategy involves simply
observing for policvirus circulation and for cases of poliovirus-
induced paralysis in the absence of vaccination and ther rein-
treducing monovalent OPV to contain any outbreaks that are
detected 24925 Moreaver, teports of immunosuppressed individ-
uals who excrete poliovirus for long periods of time®* raise the
specter of reintroduction of the virus.

A second strategy would be to continue OPV vaccination
while attempting to detect circulating wild poliovirus, but today
the difficulty would be in detecting the wild virus in a sez of
excreted attenuated viruses, some mutated toward virulence 2nd
some recombinants with other polioviruses. %7 VAPP would
continue to oceur, so paralysis caused by polioviruses would not
be truly eradicated. Even more concern has been generated by
the realization that revertants of Sabin strains becamne epidemic
in Egypt, Haiti, the Dominican Republic, Madagascar, China,

and the Philippines, although with the exception of Nigaria ™
recently, most of these outhreaks were quite small regarding
the number of cases they caused.?14320358.%¢ Oy the other hand,
the Nigerian outbreak of cVDPVs indicates the potential these
viruses have for regaining the full neurovirulence and transmis-
sibility characteristics of wild viruses.

A third strategy could be proposed, consisting of a grad-
ual switch from OPV to combined pediatric vaccines con-
taining IPV (eg, DTP/Hib/hepatitis B/APV) as wild polisvirus
disappears from more and moare countries, Vaccination with
IPV would facilitate the search for polioviruses in the environ-
ment, because screening would not be obscured by OPV vaccine
strains and yet protection against polio would be maintained,
Such a strategy may be all the more valuable because it has been
caleulated that, even after a 5-year period without polio cases,
there is still a 6.1% to 1.0% probability of silent transmission 2!

Also, under active consideration, is simultaneous QPV/IPYV
use in mass vaccination campaigns in high risk areas to max-
imize immunity induction per child contact. The issue is
whether coverage with an injectable vaccine used under 4 cam-
paign mode can be high enough to get the improved population
immunity or whether decrease in coverage wonld outweigh any
benefits of increased immunity of using both vaccines simulta.
neously. The potential role of IPV in the tOPV-to-bOPY switch
under active consideration, becauise WPV2 seems to have been
eradicated, is worth mentioning. An advantage of [PV would be
providing continuing type 2 immunity to prevent Te-eMmergence
of type 2 wild viruses or ¢VDPVe and in boosting immumnity
against types 1 and 3, which could hasten eradication of those
two types.

The results of the IPV introduction program in the
Yogyakarta province in the Philippines in place since 2007
illustrates the impact of an OPV-to-IPV switch strategy. Since
the adoption of an IPV stand-alone vaccine fwith a 3+1 regi-
men) in September 2007 in 2 population of 3,571,865 with an
annual birth cohort of 52,723, no drop in vaccination caverage
tates during 4 consecutive years of follow up (remained > 95%]}
has been observed. Environmental sampling (inlet sewage) con-
firmed the maintenance of absence of WPV circulation, and a
very rapid decrease of isolated polioviruses with only 5 samples
with Sabin-like and no VDPVs [with the caveat that 24 months
out of the 55 month period of follow up were missed|, Finally,
seroprevalence and dose 3-to-dose 4 seroconversion survey
done on 188 infants revealed 100% seroprotection post-dose 3
and increase in GMT from dose 3 to dose 4.

It is evident that high-income and many middle-income
countries are already using or will soon switch to IPV, principally
to avoid sporadic or epidemic VAPP associated with the use of
OPV. Some of the more affluent developing countries will also
avail themselves of IPV. In view of the possible use of poliovirus
as a biologic warfare weapon, many countries will continue to
use [PV even if eradication of wild virus circulation is achieved,
Developing countries may also be Joathe to risk resurgence of
polio if OPV immunization is stopped as a result of uncertain-
ties concerning persistent circulation of wild or revertant vaccine

. viruses in normal and immunosuppressed individualg, 3333

The principal arguments offered against conversion from
OFV (o IPV in many low-income developing countries are cost,
origin of vaccine supply, and decreased intestinal immunity,3%
‘To some extent the first two points aze related because large pro-
duction volumes reduce costs of manufacturing and of quality
controls and allow better planning, but put all the cards in the
hands of a limited number of plavers. So far, companies had
no incentive to produce more [PV, However, the mare cogent
respanse to cost is that TPV should notbe used as a stand-alone
vaccine with the attendant expensegof seharate adminiatration,
but as part of a combination vacgine insfead. Combinations
containing IPV based on diphtlyria-tetahus-dceliar pertussis
vaccines are readily available, But the key'missing produet-is a

ey

rda Belay

s

Marie Bern,

P, 15,148




Poilovirus vaccine—inactivated

truly affordable pentavalent or liexavalent combination prob-
ably made on a whole-cell pertussis DTP backbone |assuming
that the pharmaceutical technical challenges around the effect
of preservatives in multidose presentations are solved). If there
were a demand [remember the oft-stated desire to bring new
vaccines to the EPI schedule], the cost of IPV would be negli-
gible as part of such affordable DTP-based combinations, But in
this context, the key driver for future IPV performance will be
the coverage rate achieved through routine immunization. The
question of the value of the community protection induced by
1PV in a context of vaccination coverage rates ranging from 50%
t0 80% still needs to be clarified. If the only way to raise this
vaccination coverage would be through National Immunization
Days with OPV, then the added value of IPV usage might be
more difficult to prove.

An annual production of between 200 and 300 million doses
of IPV is feasible in the immediate future. ‘To reduce the need for

T

27. Montagnon B, Fanget B, Nicolas AJ. The large-scale cultivation of Vero cells
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Althongh OPV vaccination must be continued in countries
where wild-type pelioviruses still circulate or in countries at
substantial risk of suffering from reintroduction of wild-type
polioviruses, other countries with high wvaccination coverage
and where there is an absent wild-type poliovirus circulation
or moderate reintroduction risks should consider switching
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countries that discontinue OPV after putative eradication of
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schedules to protect their populations against reintroduction of
polioviruses.
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IPV-Vero Vaccine Induces a Strong Booster
Reaction and is Well Tolerated in Adults

HANS RUMKE', JERRY LABADIE!, NASRIN ELZINGA-GHOLIZADEA? and

TIEERT MENSINGA?

From the 'Laboratory for Clinical Vaecine Research, the *Laboratory for Control of Biologicals, RIVM (National
Tnstitute of Public Health and the Environment), Bilthoven, and 3Department of Intensive Care | and Clinical

Toxicology, University Hospital Utrecht, The Netherlands

A phase 1-2 trial was conducted in 48 adults te study safety and immunogenicity of an inactivated poligvirus vaccine
produced using Vero cells (PV-Vero), Participants received 2 intramuscular injections with TPV-Vero {40-8-32 D-Ag units)
4 weeks apart. IPV-Vero was well telerated, and induced strong antibody responses in all participants. At least an 8-fold itre
rise against all 3 types of poliovirus was found within 1 week of the first vaccination, indicating a strong secondary response
in primed individusls, Two days after the first vaccination, there was no indication for such a booster reaction. The second
vaccination 4 weeks after the first dose did not further increase antibody levels, indicating that an fmmune platean had been
achieved after the first vaccination. The second vaccination was pot reactogenic despite the presence of these high
pre-vaccination antibody levels. We conclude that IPV-Vero is well tolerated and strongly immunogenic in adults. In

pre-immune adults 1 dose is enough to induce an impress|

ive booster reaction.

Hans C. Riimke MD, RIVM (National Institute of Public Health and the Environment), Laboratory for Clinical Vaceine

Research LVO, P.O. Box 1, NL-3720 RA Bilthoven, The Netherlands

INTRODUCTION

Inactivated poliovirus vaccine (IPV) has an excellent and
long-standing record of safety and efficacy. Its persistent
immunogenicity correlates with excellent individual protec-
tion against poliomyelitis, as shown in several European
countries, including The Netherlands and Sweden. Endemic
poliomyelitis disappeared after introduction of trivalent
IPV in national immunization programmes and more than
95% of the vaccinated population have kigh and persistent
levels of poliovirus (PV) neutralizing antibodies (1-3). In
The Netherlands, the most recent epidemics (in 1978 and
1992-93) cccurred in small communities of people who had
rejected vaccinations for religious reasons and are at-
tributed to their choice not te vaccinate rather than to
vaccine failure (4).

For the Netherlands vaccination programme, out insti-
tute (RIVM) supplies quadruple DPT-IPV and triple DT-
IPY vaccine. Currently, the IPV component is produced
using monkey kidney (MK) cells for virus culture (5).
RIVM explored another cell substrate in which PV can be
propagated effectively on a large scale. Vero cells, also
derived from monkey kidneys, have advantages over MK
cells, They are reliable and cheap, better standardized, have
a smaller risk of being contaminated than monkeys and
their kidney cells and further use of primates for virus
propagation is unnecessary. Vero cells are widely used by
athers for production of live and killed viral vaccines {OPY,
IPV and rabies) (6). IPV produced on Vero cells (IPV-
Vero) is considered safe and potent, as reviewed by Vidor
et al. (7).

The present study in adults was the first in a series to
investigate the safety and antibody respense to IPV-Vero,

© 1998 Scandinavian University Press. ISSN 0036-5548

Further studies in infants to compare the immunogenicity
of IPV-Vero and IPV-MK are ongoing,

MATERIALS AND METHODS

Vaccine

IPV.Vero (lot E9433B) was produced using standard methods (3),
and contained per dose of 0.5 m!: formalin-inactivated poliovirus
(strains Mahoney, MEF-1 and Saukett), type i, 2 and 3: 40-8-32
D-antigen units respectively, and formaldehyde: 0.025 mg in phos-
phate buffer. The vaccine was injected in the deltoid or triceps
muscle,

Study

This combined phase 1-2 study was descriptive and without
control vaccine. The study has been approved by the Medical
Ethical Review Board of the University Hospital Utrecht, and was
performed between November 1994 and February 1955, at the
Department of Intensive Care and Clinical Toxicology of the
University Hospital Utrecht, The Netherlands.

Volunteers were recruited by advertisements in the “Utrecht
University Weekly” magazine on University bulletin boards and by
mailing volunteers from former clinical trials, Thus, most volun-
teers were ‘students. After screening for inclusion and exclusion
criteria, participants gave writien informed consent.

Vaccinations were given at day 0 and 28. Venous blood samples
for antibody determinations were taken at day @, 2, 7, 28 and 36
from the first vaccination. Reactogenicity was assessed at days 0, 2,
7, 28, 30 and 56.

Antibody response

Serum neutralizing (SN) antibody ifevels were determined with
Vero cells as indicator cells, and wild PV strains for challenge (8),
the same strains as used for vaccine production, After inactivation,
sera were investigated in a 2-fold dilution series up te 17 dilution
steps. SN activity is expressed as 2 log reciprocal titres (e 5
means 1/32 =29, For statistical comparison of antibody levels
the Kruskall-Wallis test was used, with Epilnfo (9).
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Adverse events

Afier vaccination, volunteers were observed for |  foc heart rate,
blood pressure and temperalure, Temperatures were measured
orally at days 0, 2, 28, and 30. Local and syslemi¢ symploms were
studied by observation and questionnauires. The jajection site was
examined for inflarmnatory symptoms,

Participanis kept a diary about their well-being and possible
adverse gxperiences, [or discussion at subsequent visits, af which
the participant was agked for general well-being, inability te per-
form normal daily activities, headache, gastrointestnal compiaints,
joint complaints and skin abnormalities.

Reactions were graded according to severity. A mild reaclion
was perceived by Lhe parlicipant but was easily tolerated. A
moderate reaction was giving enough discomfort to interfere with
normal daily activilies,

RESULTS

Studdy population

A total of 48 volunteers were enrotled and 47 completed the
study (18 males and 30 females; mean age 23.5 y, range
18-39 y). One participant was excluded during the study
due to protocol violation, from another the 2 last biood
samples were excluded due to an insufficient interval be-
tween vaccinations.

Antibody response
The results of immunogenicity are summarised in Table T.
Cumulative distributions of SN titres are shown in Fig. 1.
Not unexpeetedty, all participants had detectable antibodies
before vaccination. A titre of =3 (1/8 or higher) is consid-
ered 1o be protective. To PV type 3 {(PV3) an SN titre below
3 was found in only 3 individuals and to PV1 and PV2 all
had initial titres = 3,

Two days after the first vaccination there was little
difference from pra-vaccination titres. However, after 7

Table 1, Summary of serym neutralizing antibo

- o ” - wm €« - L] a =

o ™ o w
- e

16

-

r
SN ttwr

ety § —W— day T —oen day T —H—day 28 —¥—day 5§

Fig. |, Paliovirus neutralizing antibody response Lo 1PV-Vero vac-
cine. The percentage reverse cumulative frequency of serum neu-
tralizing titres is given per poliovirus serotype. Vuccinations were
given on days 0 and 28 and blood samples were taken on days 0,

2,7, 28 wnd 56

dy response to IPV-Vero in qdults, vaceinated on day 0 and day 28

Day 0 Day 2 Day 7 Day 28 Day 56

PYl

% =1/8 100 100 100 190 jiy

gmt 9.3 1§ g3 ¥ 12.5 ns 134 ns 133

8D I8 L7 1.7 1.8 LA
PY2

Y% =1/8 100 100 100 100 100

gmi 7.3 ns 7.6 * 116 ns 12.4 ns 12,3

SD 2.2 2.4 1.8 2.0 1.7
PV3 _

Y% =1/8 938 95.8 100 160 100

gmit 7.0 ns 7.3 ¢ 11,7 ns 12.4 ns 125

sD 21 23 2.0 1.6 1.8

nw 48 48 48 47 46

gmt, geomeirical mean titre and SD, standard deviation are cxpressed as a 2 log reciprocal titre (e.g. 5 means 1/32 = 25, Titre differences
for successive examination days (day 2 vs day 0, ete.} were evaluated for statistical significance using the Kruskall-Wallis test.

* p<(,000001.
ns, p>0.01.
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Table II, Adverse events after IPV-Vero at day 0 and day 28 in adults (n = 47}

(a) General symptoms #1 #2
Day of examination 0 2 7 28 30 56
General well-being 0 ¢ 0 0 0 0
Normal daily activities 0 { 0 0 0 0
Headache 0 1 0 1 1 0
Gastrointestinal complaints 1* 1# 12 1# » -0
Joint complaints 0 0 0 0 0 ]
Skin abnormalities 0 1 0 0 1 0
Any general symptom 1 4 1 1 4 0

{b} Local symptoms #1 #2
Day of examination 0 2 7 28 30 56
Redness 5 0 0 10 0 1]
Swelling i 0 0 o 0 0
Ttching 0 0 0 0 1 0
Warmth 0 ¢ 0 0 0 0
Pain ¢ 2 0 0 S i
Muscle stiffness 1 35 0 1 14 0
Any local symptom® 6 36 0 11 18 1

All local symptoms were of mild intensity, All general symptoms were mild except in one participant {underlined) whe had a moderate

headache,

* All cccurring in one volunteer, and regarded as not causally related to vaccination,

> Some participants had more than ane symptom,

days all participants showed at least an 8-fold (3 titre steps)
increase for PV1 antibodies, and a more than 16-fold (>4
titre steps) increase for PV 2 and 3. This was also found in
the 3 individuals with ‘non-protective’ pre-titres: they showed
in 7 days strong booster reactions, from 1-10, 2-13 and
1-14, respectively. Apparently, these individuals had excel-
lent immunological memory.

The second vaceination added little to the SN titres which
had been reinforced by the first vaccination in these pre-im-
mune participants. Maximal immunity has already been
achieved within t week of the first vaccination.

Adverse events

The results regarding safety are summarised in Table 1.
Severe and acute reactions did not occur. The highest
recorded temperature was 37.6°C, recorded twice out of 564
measurements. General symptoms were reported by S sub-
jects (11%) and local reactions (mainly muscle stiffness) by
42 (89%). The reactions encountered were mild in intensity.
Only | participant complained of headache with moderate
intensity,

Notably, reactions were also very mild after the second
vaccination, if they oceurred at all, even while all participants
had high antibody titres at that time, Arthus reactions did
not occur.

DISCUSSION

In this evaluation of the effects of IPV-Vero vaccination very
strong antibody responses were observed in all participants,

At least B-fold titre rises against all 3 types of poliovirus
occurred within 1 week of the first vaccination, indicating a
strong secondary response in already primed individuals,
Two days after the first vaccination there was not yet any
indication of the booster reaction. The second vaccination
after 4 weeks did not further increase the level of antibodies,
indicating that an immune plateau had been reached already
after the first dose. The strong antibody reaction is not
surprising because participants were from the generation of
the Dutch population in which more than 90% have received
at least 3 childhood vaccinations against poliomyelitis, which
is reflected by a high antibody prevalence in this age group
(2) and high prevaccination antibody levels among the
participants. Therefore, adults are not suitable to investipate
a primary antibody response; studies in infants are ongoing.

The vaccine under study is very similar to the IPV-MK
currently used in the Netherlands, The only difference is the
cell substrate for virus propagation, Biochemical and im-
munochemical parameters, and in pivo potency in rats
indicate immunogenic properties equivalent to IPV-MK. It
has been clearly demonstrated that immunogenicity in hu-
mans correlates with the concentration of D-antigen in the
vaccine (10, 11), The optimal dose of trivalent IPV contains
40-8-32 D-Ag units of the 3 types of poliovirus, respectively,
which has been determinéd with IPV-MK in extensive
investigations in several countries, both as IPV and as
combined DPT-IPV (10-16). The serological response to
IPV-Vero was expected to be similar. In this study, the
current 40-8-32 D-Ag content per dose appeared very strong
indeed. Although a formal comparison with immunogenicity
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of RIVM IPV-MK was not done, we regard the 40-8-32
D-Ag content, similar to Vero-produced IPV from another
manufacturer (7), appropriate for use in adults. Studies
comparing IPV-Vero and IPY-MK are ongoing.

The 2-dose schedule used hese is mainly chosen to study
safety aspects. The presence of high pre-vaccination anti-
body titres did not augment the prevalence of adverse
reactions after the second dose. Arthus reactions may occur
in hyper-immune persons after vaccination with diphtheria
and or tetanus toxoids, but may be also associated with
impurities of such vaccines given repeatedly (17). Such
reactions are caused by immune-complex formation be-
tween the vaccine antigen and high levels of the corre-
sponding antibodies, but we did not encounter them.
Compared with toxoids, the amount of protein in IPV is
much lower, and its purity better. The vaccine is therefore
wseful for the rapid induction of immunity, with a low
occurrence of side-effects and without the possibility of
spreading vaccine virus {as oral polio vaccine does). This
makes 1PV suitable for use during epidemics, ¢.g. in hospi-
tals, both for personnel and polio-non-immune patients.

We conclude that IPV-Vero is a well-tolerated and po-
tent immunogenic vaccine it adults. In pre-immune adults
1 dose is enough to induce an impressive booster reaction.
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ANTIGEN CONTENT OF INACTIVATED POLIOVIRUS VACCINE
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-
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ABSTRACT

voor de Volksgezondheit, The Netherlands. Virus was Erown in mierocarrier cultures of monkey kidney

cells, purified, concentrated, and inactivated with

formalin. The vaceines used coniained differeny

quantities of D-aniigen uniis for each of (he three types. The data reveal that bath aniibody angd im-
munalogie memery (boosler-iype responsiveness) were indueed in virtually all individuals following a

single dose of a sufficient guantity of antigen. Ymmunologio

memory was readily revealed by the

booster-iype response following a second dose given six months after the first, The degree of boos(er-

iy¥pe response to 2 second dose is linked primarily lo the qu

anlity of antigen used for primary im-

munization, and secondarily {o the quantily of aniigen used for the booster dose,

The data base is presenled for formulaling the antigen content of an inactivated polisvirus vaceine
that can be relied upon (o De protective after the first dose when given alone or when incoarpornted
with combinations of other antigens {(diphlheria-pertussis-telanus) {hat may requlre two or more doses,

KEY WORDS: INACTIVATED POLIOVIRUS .Vz\.CCINE; ANTIGEN CONTENT

There is a need, especially in developing
countries, for a vaccine against poliomyelitis
that can be relied upon to be protective after
the first dose, either when given alone or
when combined with other anligens (e.g.,
DPT) that may Tequire two or more doses (1).
For the purpose of establishing the quaniily
of inactivated poliovirus antigens for a tri-
valent vaccine that would produce such an
effect, a series of serological studies in infants
was initiated in 1977 in developing and de-
veloped countries (2).

Experimental inactivated poliovirus vacci-
nes (IPV) for this purpose containing different

* Presented at the European Association Against
Virus Diseases, 18lh Symposium, 31 August — 4
September 1581, Stirling, Secliand. :

quantities of poliovirus D-antigen units for
each of the three types, were prepared at the
Rijks Instituut voor de Volksgezondheid
(RIV), The Netherlands, using virus propagat-
ed in microcarrier cultyres of monkey kidney
cells, purified, concentrated, and inactivated
with formalin (3). In some of the studies vae-
cines prepared in other laboratories were
included for comparison. .

A summary of the results of the first study
(2), which was carried out in Mali in 1977—
768, is shown in Fig. 1. This figure reveals the
percent of infants (4—7 months of age, in
groups of 25—34), with antibody titers of 1 : 14
or greater one month following a single dose
of vaccines containing the differept—tyantt-
ties of D-antigen units indicatedon th
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group was divided into lwo parts. The first
(approximately 50—60 %) received a uniform
dose of the RIV vaceine containing 40-4-16 D~
antigen units for types 1, 2, and 3, respec-
tively. The second group received the same
vaccine for the second dose as for the first.
In all groups a blood sample was collected
one month after ithe second dose.

 Fig. 4a shows the distribulion of type 1
antibody prevaccination, one month post
first, and one month post the second dose in

the groups given the three different RIV vac-
cines containing 80, 40, and 20 D-anligen
units, respectively, for both the first and the
second doses.

It is clear that more than 90 % have de-
tectable antibody to type 1 after the first
dose and the levels of antibody attained are
in proportion to the D-antigen content of the
vaccines. It is also clear that after the second
dose a striking booster effect is observed. The
same pattern is seen for type 2 in Fig. 4b




Zun . J Salk, P, Stockel, er al.

TYPE |
{2nd dose soms as Ist dose - 6 ros. aport )

100 Ay o :ﬁ A | mo
(O) {“*-.,' . | me. Past Znd
- \ v " Post iy
R AN N,
o ) \\ \\
o Y Y "‘
s sc v l'm .
\ S »
1Y Ay .
3 * ‘40 N80
E 40 20 s * f 3g}
=3
2 {03}
o3
x .
3 0 ¢ 381
1) e
Thee ol bty I
§ TR s 32 84 128 55 BT ImeR T IoiiTobe
ANTIBOOY TIYER lraciprecal of serum dilulion
TYFE |)
{2nd dosa some 03 Ist dese - 8 mas. apert }
(b) *°
| mo
’5 aol Post 2agd
i ~
& A AN \ ;
by & \ A Yo i
u \ \. \ ]
? \.I. 2 \\‘ 4 \\ a8 '
£ aoh AN . \ ;
2 N e Y !
5 \ » ;
z s
2 eQr AY
o AN { 33 i
bt .-. r i
~an 103} :
o S b2 "A( 38) !
Py 8 18 32 64 128 256 i3 1024 2048 4096 "
ANTIBOOY TITER {seciprocol of carum dilulion | ri
N
TYRPE IH |
{2nd dosm same as Ist dose - & mos. apart )
$00 - ,. .
(c)
'-. I.
; B l\ \". 1 mo 1t
sl v NPosi it
o \
Y su L
3]
> —
= aon
47
-
b ]
Z 20
a { 39}
fi03)
[} ) N 4 ¥ ’ (38} ]
4 3 16 32 64 128 256 512 1024 2048 409
ANTIBORY TITER {raciprocal of sesum diluhen ) ;
Fig. 1. Finland inactivated holiovirus vaceine study. Cumulative distribuiion of polio antibody tilers one J |
month afler a first dose and one month afler a second dose (administered six months after the first v

dosel of vaccines containing: (a), 20, 40, or BO D-antigen units for type L; (b} 2, 4, or 8 D-antigen units
for type 2; and (c) 8, 16, or 32 D-antigen units for type 3. Vaccines prepared by Riijks Instiluut voor
de Volksgezondheid.

0 - Directofa Thenica

M.PA5:14 8—'—_"‘]:'




I R P A T

FIRST DOSE 0-AMTIGEN PRE POST  BOOSTER DOSE D-ANTIGE 3ER
WALCINE UNITS BOO3STER BOOSTER VACCINE UHITS e JECTS
RIJKS & e-cig — AIIKS 40 52
RIIKS 40 Damtl  Ge—a * . 46
REJKS 2 [ PP S - N h ‘ 83
MFG B 34 Aoriiind a——y . . a2
WEG C 20 B baweg * ' A3

IIOO[' -{m\ e
=G

P | T W 1 L. X ]
2var gt gt 33+ B4+ [28+ 256% 512+ (024t 2048¢ 4006+
ANTIBODY TITER {RECIPROCAL OF SERUM BILUTION]

- \\ \ .
a, g e naa
BOL  ta f\\ . 4, '
LY
I \D\‘ \\ .
y g SOL & Y Y b

' el o . Y <
tsl—- -~ 5 \0‘ h\ :
= K \\ N !

I 401 ' .
s . i

& B ‘ ] \\\ u
a,, u \

L Y, " Q i
20 g . . ., ~ 3 ;
- "". KPP - S A |
", b il T '
Ly iﬂ%“"ﬁ-‘“ :"'-m...n a !
0 * 1 L X ‘? 1 i, .. : 1 !
|
|
!
1

Fig. € Finland inactivated poliovirus vaccine study. Cumulative percent distribution of type 1 polio-

virus antibody liters Lefore and afler a booster dose administered six months after a first dose of

Rijks Iasiituul voor de Voliisgezondheid (RIJKS) vaccines and manufacturers (MFG) B and C vaccines.
{Reprinted couriesy of S. Karger, Basel) (4}

TYPE | P
(2nd dose: RIV 40 D-antigen unils - 6 mos. post ist) '
I

100

oy
o
£ a0 J
u ro
L !
& I
o BG)
W & mas, 1 me. l !
5 qo_o\zosi 151 Post 2nd b
. i
5 ~a 1 f
g \'-.\ ! !
o 20»'?\\;_‘\0 \0\35 I ]
Mol v 199/
bl -t e -
ol *‘9....__,_?___.?__:‘?9___9 ) 2(54) |
4 g 16 iz 64 128 256 12 1024 2048 40%s : 3
H

ANTIBODY TITER {rociprocal of sarum dilulion )

Fig. 7. Finland inactivated poliovirus vaccine study. Cumulative percen! distribution of type 1 palio-

virus antibody titers six months afler a first dose of two conventional vaceines (containlng 20 and

35 D-antigen units per dose) curren{ly used in Finland, and one month after a second dose of Rijks

Instituut voor de Volksgezondheid (RIV} vaccine (administered six months afier the first dose) contain-
ing 40 D-antigen units ped dose. Numbers in parentheses = number of subjects per group.




I

CUMULATIVE PCRCENT

i

J. Salk, P, Stockel, et al.

S Fig. 10. Finland inactivated po.
liovirus vaccine (IPV) study:

types 1, 2, and 3 antibody
levels after a first and secong

dose (administered six months
aperl) of proposed IPYV for
Eeneral use (40-8-32 D-antigen

{102} units per dose for types 1.9.
3, respectively), Vaceine pre-
pared by Rijks Instituut voor

{354 de Volksgezondheid. Numbers
in parentheses = number of
——— . : L L . 1 , Subjects per group. (Reprinted
4 8 7., -32 84 iz8 256 512 1024 2045 4096 courtesy of Behring Instityte

ANTIBODY TITER (reciprocol of serum dilution} Mittellung, Marburg) {5}

a0 AR

&0 m\\ v T pp.

”QE;::ﬂ____ﬂ

cerns regarding the use of continuous eell lines  Received for publication Oclober 18, 1082
in the production of biologics. Dev Bio! Stand Address: J. Salk, M.D.

1982; 50: 15—25, : The Salk Institute for Biological Studies
Saik J. Immunizaiion against poliomyelitis: P.O. Rox B5800

risk benefit/cosl in a changing conlext. Dev San Diege, CA 02138

Biol Stand 1579; 43: 151—7, USA




Inectivated poliovirus vaccine 205

TYPE I s#——e TYPEIL =&--a TYPE JI= @

ADSORBED NONADSORBED
31001
AT
5. 80
Q
(@) -
m
F 604 —
z
<{ 4
E 40-
= . A
5 A
204
i & |
5 o
! OJ " \ Lab ; Laob
T [ ] 1 4 Y i
TYPE I+320 80 20 5 O{!} 320 0 20 5 O{1)
TYPE T+ 32 8 2 05 0(2) 32 8 2 05 0(2)
TYPEIL: 64 16 4 | Q (2} 64 6 4 P02
D-ANTIGEN UNITS / DOSE D-ANTIGEN UNITS/ DOSE
1. 1. Relationship belween D-antigen units and antibody response lo a single dose of inactivated po-
liuvirus vaccine: composite of selected results from two laboratories. (Reprinted courtesy of 8. Karger,
Basel) (2).
jvpe 1 D-antigen units per dose, 32 to 0.5 tion of the antibody titer distribution eurves

jvpe 2, and 64 to 1 type 3). The data reveal
in essentlally linear relationship between the
amount of antigen contained in the vaccine
«ul percent seropositivity following a single
i se. The frequency with which residual ma-
ternal antibody or antibody acquired by na-
tural infection was observed ls indicated by
the points for the control group shown on
the right of the chart,

Fig. 2 reveals the percent distribution aof
ivpe 1 poliovirus antibody titers one month
fullowing a single dose of the vaccines used
in the Mali study. By comparison with a
group given tetanus toxoid for control, the
.sage response effect is revealed by the
relative positions of the distribution curves in
the groups given 320, 80, 20, and 5 D-antigen
unils for type 1, respeclively.

In view of these results a further study
was carried out in Upper Volta in 1878--78
() using two-fold differences in anligen
concentration over the midportion of the
range studied in Mall, Fig. 3 shows {he re-
rnonse to the type 1 component after a single
-.i¢ of 80, 40, and 20 D-antigen units. These
auia reveal the presence, one month later, of
antibody titers of 1:4 or greater in more
than 90 % of vaccinees, as compared to about
19".’0 in the controi group given tetanus tox-
oid; the differences seen in the relative posi-

reflect the differences in the quantity of an~
tigen contained in each of the three vaccines
tested in this study.

A second dose was given six months later
in accordance with the protocol for this study.
While persistence of antibody was demon-
strated after six months and a sharp booster
response observed, the prevalence of natural
infections in Maii and Upper Voita inter-
fered with the interpretation of the data on
dose response effects and antibody persist-
ence. To avoid this complication a further in-
vestigation was carried out in Finland and
in Sweden, since both are free of naturally
oceurring poliomyelitis virus infections and
in both only IPVs have been in continuous
use. The data to be reported ai this time are
only from the Finland study (4).

The basic design of the Finland study is
shown in Table 1. Five vaccine preparalions
were used. Three were prepared at ihe RIV;
and one each was from two different manu-
facturers of 1PV, one of these (mmanufacturer
C} is the vaccine in general use in Finland.
Approximately 100 infants were in each
group and received their first dose at five
months of age. A blood sample was collected
by venipuncture prior to the first dose, one
month later, and again six months Jater just
prior to a booster dose. For the booster the
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Ty 3 1

FPollowirus vaccines studied in Finland (2 doses at
§-month interval),

D-antigen units for types 1-2-3

Part 1 Pa}t a
First dose Booster dose First and

booster doses

Rijks Institute: Rljks Institule: leksjnstitute:

80-8-32 20-4.18 80-8-32
40-4-16 40-4-16 40-4-18
20-2- 8 40-4-16 20-2- 8
Manufacturer R: Manufacturer B:
38-1.5-17 40-4-16 35-1.5-7
Manufacturer C: Manufaclurer
20-2.2-4 40-4-1§ 20-2.2-4

and for type 3 in Fig. de. Although the
antibody response to the first dose is not ag
unifermly as high as for types 1 and 2, ne-
vertheless, after the second dose all responded
with antibody levels of 1:4 or greater and
more than 90 % with antibody levels of 1 : 64
or greater,

The degree of persistence of type 2 antibo-
dy six months after the first dose is indicated
in Fig. 5a. This figure also reveals antibody
levels one month after the second dose fol-
lowing a uniform second dose consisting of
40 D-antigen units of the RIV vaccine. Similar
persistence was observed for type 2 antibody
as seen in Fig. 5b. Fig. 5c indicates a distinct
decline in type 3 antibody levels in the six
months post first dose in contrast to the con-
stancy observed for types 1 and 2. For al]
three types there is a tendency for the dif-
ferences observed post first dose to be re-
duced after the second dose,

Fig. 8 shows the antibody distribution pre
and post booster dose comparing the RIV
vaccines and those of manufacturers B and
C; the type 1 D-antigen components of the
latter correspond to that of the RIV 40 and
20 D-antigen unit vaccines, However the type
1 primary antibody response lo the manu-
facturers’ vaceines was distinetly less than
to the RIV vaccines; there was also a lesser
response to a uniform booster dose. An expla-
nation is proposed below for the dissoci-
ation seen here hetween D-antigen unit con-
tent and antigenic potency in the RIV and
the other vaccines, This figure also reveals
that the antigenic polency of the vaceine used
for the primary dose inflyences the degree of
antibody response to a booster dose,

Fig. 7 shows the superior ef. of higher
potency vaccine used for the booster dose
when low potency vaceine is used for primary
immunization, as compared to Fig. 8 which
shows the inferior effect when the same low
potency vaccine is used for both hooster and
primary doses.

Fig. 9 shows more clearly the dissociation
between D-antigen unit measurement and
antibody response in humans for the type I
component of the commercial vaccines when
compared with the performance of the vac-
cines prepared by Lhe RIV methods. It is he-
lieved that these differences are attributable
to technical factors. The RIV vaccines are
made from virus purified and concentrated
before inactivation with formalin; haw-
ever, vaccines prepared by manufacturers
B and C are inactivated with formalin
and either not further treated or are
purified and concentrated thereafter. This
guestion is currently under investigation. The
shaded area of Fig. 9 shows the geometric
mean antibody response to a single dose of
IPV containing the 40-8-32 D-antigen unit
formula which is now under study in several
countriaes,

Fig. 10 shows the antibody distribution
curves post first and post second dose for
types 1, 2, and 3 of the RIV 40-8-32 D-
antigen unit vaccine. It is to be noted that the
IPV used in The Netherlands for many years
has contained the 20-2-7.5 D-antigen units,
respectively, in association with diphteria-

Ppertussis-tetanus antigens (DPT).

By comparison with the vaccines currently
used in Finland (Fig. 8), where poliomyelitis
has been bruught under complete control and
where virus has been eliminated from circula-
tion, the more potent vaceine referred 1o in
Fig. 10 can be expected to be protective after
one or two doses,

A detailed report will be made at a later
time of early faverable observations in pro-
gressively expanding field studies in endemic
areas in West Africa where such paliovirus
vaccines compined with DPT are being used
in routine immunization programs -— which
also include immunization against BCG, mea-
sles and yellow fever (8).

Further and more extensive studies are now
being planned using IPV of the potency here
proposed, prepared according to the RIV
methods, In a more recent development, the
use of an approved continuously pra atling
cell line has eliminated the need f
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Fig. 8. Finiand inactivated poliovirus vaccine study. Cumulative percent distribution of poliovirus anti-
body tilers six months after a first dose and one month afier a second dose {adminislered six months
after the first dose) of vaccines containing: (a) type 1 — 20, 40, or 80 D-antigen units for the first. dose,
and 40 D-antigen units for the second dose; (b) type 2 —2, 4, or B D-antigen units for the first dese, and

4+ D-anligen unils for (he second dose () type 3 — B, 16, or 32 D-antigen units for the first dose, and
16 D-antigen units for the second dose. Vaccines prepared by Rijks Instiluut voor de Volksgezondheid.
Numbers in parentheses = number of subjects per group.
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after the first dose) of two conventional vaccines {containing 20 and 35 D-antigen units per dose) cur-
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to provide cells as subsirate for producing
virus (7). This now permits production of IPV
on a very large scale thereby sharply reduc-
ing cost per dose to a level accessible io
developing countries (8).

40
TYRE I TYPE TYPE 17
sor i
z st
u‘j i32e i
= 10+
2 16
o 0 o
o e 22
z 5k o
o o 8g
4 15,
Ta
4
35, .
<ol 20,
!_. e Pttt
Rijks Insfitule Monufociurer
ot glivle Snrosdrers
B C
& O g a A

Fig. 9. Finland inactivated poliovirus vaccine study.

Geomelric mean antibady fiters induced by a first

duse of vaccines of different D-antigen unit con-

tent: comparison of vaceines prepared by Rijks

Instituul voar de Volksgezondheid and by manu-

facturers B and C. (Reprinted courtesy of s, Kar-
ger, Basel} (4}
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Poliomyelitis vaccine (multidose), suspension for injection

Module 1.3 PRODUCT INFORMATION

1.3.1 — SPC, Labelling and Package Leaflet

Summary of Product Characteristics

1 NAME OF THE MEDICINAL PRODUCT

Poliomyelitis vaccine, suspension for injection 0.5 mL
Poliomyelitis vaccine multidose, suspension for injection 2.5 mL

2 QUALITATIVE AND QUANTITATIVE COMPOSITION

One dose of 0,5 ml poliomyelitisvaccine contains the following active components:
Inactivated poliomyelitis virus type 1 (Mahoney)* 40 D-antigen units

Inactivated poliomyelitis virus type 2 (MEF 1)* 8 D-antigen units

Inactivated poliomyelitis virus type 3 (Saukett)* 32 D-antigen units

For the full list of excipients, see section 6.1,

*} Cultivated on Vero-cells,
3 PHARMACEUTICAL FORM

Suspension for injection. The product is a suspension of formaldehyde inactivated and
purified virus filled in ampoules or vials,
The vaccine colour varies from orange-yellow to orange-red,

4 CLINICAL PARTICULARS

4.1 Therapeutic indications
Active immunisation against poliomyelitis.

4.2 Posology and method of administration

Posology
One dose consists of 0.5 ml for both children and adults. The vaccine is given

subcutaneously or intramuscularly.
Primary immunization consists of three vaccinations, administered with a minimum
mterval of 4 weeks.

Persons fully immunized against poliomyelitis and leaving to areas with a high
incidence of poliomyelitis, are advised to re-vaccinate with a single-dose of polio
vaccine approx. 1 month before departure, particularly when their last immunization
was more than 15 years ago.
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Paediatric population
Children should receive the primary series within the first 6 months after birth.

After completion of the first series of vaccinations, a booster dose can be administered
after an interval of at least six months, If foca! authorities recommend a vaceination
schedule that starts before the age of 2 months and/or if the interval between doses is
less than 8 weeks, a booster dose should be administered, however not before the age of
9 months.

In the Netherlands children are preferable vaccinated with the combination vaceine
Diphtheria (Pertussis) Tetanus Poliomyelitis vaccine in line with the National
Vaccination Program.

Method of administration
The vaccine is administered subcutaneously or intramuscularly.

4.3 Contra-indications

The general contra-indications that apply for every vaccine:
- Hypersensitivity to the active substance(s) or to any of the excipients listed in
section 6.1

4.4 Special warnings and precautions for use

The vaccine colour may range from orange-yellow to orange-red. Vaccine with a clearly
yellow or violet colour cannot be used.

Since every dose can contain trace amounts of neomycin, streptomycin and polymyxin
B, you should be careful giving this vaccine to persons who are sensitive to one of these
antibiotics.

Do not admininister if the vaccinee is suffering from a severe infection, with fever.

Older children and adults can faint after vaccination. This generally occurs shortly after
vaccination and can occur simultaneously with nausea and vomiting. If fainting at
carlier vaccinations has occurred or symptoms indicating fainting have been observed
the person should be vaccinated when sitting or lying.

Under no circumstances administer Poliomyelitis vaccine intravascular.
As for any injectable vaccine, adequate treatment provisions need to be present, in case

any anaphylactic reactions should occur following vaccination. If required, injections of
epinephrine or corticosteroids can be given, dosed according to age and or body weight.
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