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1.0 BACKGROUND AND RATIONALE 

The global effort to eradicate polio has made significant progress in recent years.  From 

01 January through 02 October 2012, only 154 cases of wild-type paralytic polio have been 

reported to the World Health Organization (WHO) and only 3 countries account for wild-

type poliovirus transmission —Afghanistan, Pakistan, and Nigeria. (1)  No cases have been 

reported in India since January 2011, suggesting that transmission there has at last been 

successfully interrupted.  It is hoped by 2014 that there will be no more cases of disease 

caused by wild-type polioviruses anywhere in the world.  Nevertheless, success in global 

eradication is not yet assured, as the global polio eradication program came close to meeting 

its goal in 2001, reaching a nadir of 483 cases.  Regrettably, the exportation of wild-type 

polioviruses from endemic countries occurred due to political and programmatic issues 

affecting vaccine coverage.  In addition, outbreaks due to vaccine adapted strains occurred.  

At its tenth plenary meeting in May 2012, the Executive Board of the World Health 

Assembly (WHA) declared “the completion of poliovirus eradication a programmatic 

emergency for global public health.”  (2)  The Assembly also asked the WHO Director 

General to develop “a comprehensive polio eradication and endgame strategy that exploits 

new developments in poliovirus diagnostics and vaccines,” to address the “…potential timing 

of a switch from trivalent to bivalent oral poliovirus vaccine for all routine immunization 

programs,” and to promote “…the research, production, and supply of vaccines, in particular 

inactivated polio vaccines, in order to enhance their affordability, effectiveness, and 

accessibility.” 

Despite recent successes, and the recommitment from the global community to finalize 

global eradication of polioviruses, programs and countries involved in the endgame strategy 

face several significant challenges: 

1. How to ensure the complete elimination of wild-type polioviruses in a diversity of 

epidemiologic settings. 

2. How to optimize immunization strategies for diverse settings using current polio 

vaccines—oral (OPVs) and inactivated (IPVs)—as well as those in development. 

3. How to achieve the elimination of all polioviruses, especially the vaccine-derived 

polioviruses arising from the use of OPVs, while maintaining population 

immunity until eradication is certified. 

4. How to make IPV available and affordable to most countries to hasten eradication 

and provide security against re-emergence of polioviruses in the post-eradication 

era. 
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1.1 Ensuring Complete Elimination of Wild-Type Polioviruses Using All 

Vaccines 

Achieving polio eradication depends upon achieving not only individual protection through 

the use of an effective vaccine, but also maintaining enough community protection to prevent 

poliovirus reintroduction and transmission.  The oral polio vaccine developed by Albert 

Sabin has been in widespread use since the early 1960s and has formed the backbone of the 

global polio eradication initiative. (3)  Largely as a result of routine infant OPV 

immunization, polio was eliminated from Europe and North America by the 1980s.  Most 

notable for the global program, intense OPV-based vaccination campaigns spearheaded by 

the Pan-American Health Organization (PAHO) and Latin American Ministries of Health 

resulted in elimination of polio from Latin America and the Caribbean by 1991, an 

achievement that demonstrated that polio eradication in the developing world was possible. 

Until recently, trivalent OPV (tOPV, incorporating types 1, 2, and 3 polioviruses) has been 

the preferred vaccine for polio control and eradication.  However, a reduced immune 

response to OPV strains has been recognized, particularly to vaccine virus types 1 and 3 in 

developing countries compared to industrialized countries.  In a review of seroconversion 

after 3 doses of OPV in developing countries, the rate was 73% (range 36% to 99%) to type 1 

and 70% (range 40% to 99%) to type 3, compared to rates typically >97% in industrialized 

countries for all 3 serotypes. (4)  In some developing countries like India and Pakistan, 

poorer immune responses are observed and more doses of OPV are required.  Postulates for 

this reduced immune response include interference between the 3 poliovirus serotypes 

contained in OPV, co-infection with other enteroviruses, maternal antibody, diarrheal 

disease, and tropical enteropathy. (5, 6)  In India, which was until 2011 one of the last 

strongholds for endemic wild-type poliovirus, it was demonstrated that the use of monovalent 

OPVs (mOPVs) against poliovirus 1 and 3 were far superior to trivalent OPV in achieving 

seroconversion rates in children using fewer doses. (7)  

Furthermore, the last naturally acquired wild-type 2 poliovirus worldwide was detected in 

1999, suggesting that this wild type virus has been eradicated for more than a decade now.  

Thus the only type 2 disease presently encountered is caused by circulating vaccine-derived 

poliovirus type 2 strains (cVDPV2), which through mutation have acquired some properties 

of neurovirulence and transmissibility found in wild-type viruses.  In fact vaccine-derived 

type 2 poliovirus (cVDPVs) are now the only cause of type 2 poliovirus circulation.  To 

eliminate the risk of generating more cVDPV2 outbreaks, as well as reduce the impact of 

type 2 vaccine-associated paralytic poliomyelitis (VAPP), the WHO is promoting to replace 

OPV with a bivalent OPV (bOPV) formulation (which contains only Sabin types 1 and 3) for 

use worldwide.  Like mOPVs, bOPV provides better immunogenicity and protection against 

type 1 and 3 compared with OPV, as was clearly demonstrated in a recent case-control study 

in Afghanistan and Pakistan. (8)  However, switching from OPV to bOPV will result in new 
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birth cohorts without immunity to type 2 poliovirus, and thus potentially susceptible to 

virulent and transmissible type 2 polioviruses arising from cVDPV type 2 outbreaks, and 

type 2 wild-type poliovirus if it is somehow reintroduced potentially through a break in 

laboratory containment or from some long-term excretors.  These transition challenges in the 

use of OPV require research to better define the overall endgame strategies for global polio 

eradication including differential strategies for different regions.  A main issue will be the 

incremental use of bivalent OPV in a world with an ongoing risk for type 2 cVDPV in which 

the benefit of IPV needs to be appropriately dimensioned. 

1.2 How to Optimize Immunization Strategies for Diverse Settings Using 

Current Polio Vaccines 

As proposed in this study, one approach to improve the immunogenicity and protection 

afforded by OPV, is to combine the benefits of bOPV with those of IPV.  Vaccination 

regimens employing sequential combinations of IPV and OPV have been utilized in a 

number of countries, including the United States of America (USA).  In developed countries 

where elimination of polio was achieved, VAPP was seen as a major public health problem 

with more paralysis being caused by the vaccine then the wild type viruses.  Although 

somewhat more costly, giving IPV before OPV prevented most VAPP and provided the 

benefits of both vaccines in a combined schedule.  The initial IPV immunization promoted 

priming and humoral immunity and the subsequent OPV vaccination was expected to induce 

higher levels of both humoral and intestinal immunity required to maintain population-level 

protection, while decreasing the risk of VAPP.   

Estimates of VAPP reduction from sequential IPV/OPV schedules range from 50% to 75%.  

(9)  Furthermore, the sequential schedule of IPV followed by OPV in the USA achieved high 

seroconversion rates, with optimal effect in one study obtained during 2 doses of IPV 

followed by 2 doses of OPV, a regimen that also produced intestinal immunity comparable to 

3 doses of OPV. (10)  The efficacy of this strategy has also been studied in the developing 

world: a trial of IPV followed by OPV in Guatemalan infants demonstrated robust 

development of both humoral and intestinal immunity even after only 2 doses of IPV. (11)  

The potential benefits of using IPV in the context of the Polio eradication endgame include 

achieving protection against type 2 cVDPVs following the transition from OPV to bOPV, 

eventual protection from cVDPVs for all 3 serotypes during the process of OPV cessation, 

and prevention of VAPP — particularly after wild-type paralytic polio is eliminated.  

However, research regarding the optimal strategy (especially relating to timing and number 

of IPV doses) for utilization of IPV in the polio eradication endgame is incomplete.  Such 

research can also provide important information for an eventual transition to inclusion of IPV 

in pediatric combination vaccines for use in the developing world. 
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1.3 Achieving Elimination of All Polioviruses While Maintaining 

Population Immunity 

Since man is the sole reservoir, poliovirus eradication can be achieved, but the last challenge 

will be to sustain eradication by eliminating oral poliovirus immunizations.  As long as OPV 

is used, there will be a risk of VAPP and a risk of reversion to cVDPVs with outbreaks of 

vaccine-derived polio, which may threaten the success of the eradication endgame.  

Outbreaks of cVDPV were first documented in 2000 to 2001 in the Island of Hispaniola, and 

subsequent epidemics have occurred in more countries that had been free of paralytic polio, 

including China, the Philippines, Indonesia, Cambodia, and Madagascar, as well as countries 

with circulating wild-type polioviruses. (12)  The major risk factor for emergence of 

cVDPVs appears to be low vaccine coverage for the serotype that emerges.  The most 

significant and persistent cVDPV outbreak, caused by a type 2 vaccine strain, occurred in 

Nigeria and so far has affected more than 300 children over an 8-year period between 2005 

and 2012, and still appears to be continuing, spreading to neighboring DR Congo. (13)  

Almost all recent outbreaks of cVDPV have been caused by serotype 2, coincident with 

shifts in vaccination programs toward bOPV or mOPV1 and 3, resulting in reduced 

population immunity to type 2 viruses. 

In addition to the potential for cVDPV transmission, OPV uncommonly causes VAPP in 

vaccine recipients or their close contacts, especially after the first doses when immunity has 

not yet developed.  The WHO estimates approximately 250 to 500 cases of VAPP will 

continue to occur throughout the world annually if OPV use continues indefinitely. (14)  For 

these reasons, the WHO has published a framework that addresses the rationale, risks, and 

timing of a globally coordinated complete OPV cessation.  One of the major concerns during 

this last phase of the global polio eradication is the risk of wild-type and vaccine derived 

transmission in communities.  As most poliovirus infections are asymptomatic (paralysis 

occurs in 1 of every 100 to 1000 infected), silent transmission can occur for long periods of 

time before paralytic cases become manifest.  

The transmission of polioviruses occurs via oral-oral or fecal-oral routes, and the vast 

majority of polio infections causes no symptoms and is not clinically detectable.  It is 

believed that fecal-oral transmission is more important in developing countries with poor 

hygiene and sanitation, though this is not known with certainty.  Because it replicates in the 

intestinal tract, OPV is a good inducer of intestinal immunity that can decrease fecal-oral 

transmission of wild-type polioviruses in a community, a phenomenon thought to have 

played a major role in addition to the herd protection in terminating polio transmission.  After 

the transition from OPV to bOPV and following OPV cessation, however, community level 

immunity to residual cVDPVs and re-emergent wild-type polioviruses will decrease rapidly 

unless IPV induced immunity can be secured.   
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First developed in the 1950s by Jonas Salk, IPV contains killed strains to all 3 poliovirus 

types, and the methods of manufacture have evolved to enhance antigenic potency.  It is the 

safest polio vaccine and does not cause VAPP or cVDPVs, and has not been associated with 

severe adverse reactions.  IPV also appears to provide protection against pharyngeal 

acquisition and shedding of polioviruses that is equivalent to OPV, and can therefore 

interrupt oral-oral transmission of poliovirus, which is believed to be the primary route of 

spread in industrialized countries with better hygiene. (15, 16)  Consequently, IPV alone was 

used to eliminate wild-type poliovirus in a number of industrialized Northern European 

countries including Norway, Sweden, Finland, and the Netherlands.  In contrast to OPV, 

however, IPV does not seem to induce robust intestinal immunity, nor does it provide 

secondary immunization of contacts, and thus the impact of IPV on reducing transmission in 

developing countries setting where fecal-oral transmission is thought to dominate, is not 

known. (17)  IPV is currently more costly, requires injection, fails to induce secondary 

immunizations, and induces less intestinal immunity or reduction in fecal shedding which is a 

measure of ability to reduce transmission in the community by fecal oral route. 

A recent meta-analysis of fecal polio shedding in IPV and OPV vaccinated subjects 

concluded that IPV had no significant impact on fecal shedding, either when given 

exclusively or as a supplement to OPV, measured by the proportion of subjects who shed 

poliovirus in stools following a challenge. (17)  In fact, persons vaccinated with IPV alone 

were as likely to shed polioviruses post-challenge with OPV as naïve persons receiving OPV 

for the first time.  Some studies have shown a correlation between high serum neutralizing 

titer and fecal excretion, but there is controversy regarding this purported relationship. (18)  

A caveat to the above statement is that the majority of studies examining fecal excretion have 

not used explicitly quantifiable methods; the most quantifiable measure of fecal poliovirus 

excretion is an index that measures viral excretion over a period of time after an OPV 

challenge.  Studies that assessed the impact of IPV on viral excretion after OPV challenge 

using quantitative measures do suggest that IPV could lower the duration of shedding and 

titer of poliovirus in stools compared to unvaccinated children with a range between studies 

of 63% to 91% reduction in the total amount of virus shed. (17)  A review by Sutter et al., 

using a shedding index based on proportion and duration of shedding, and the average titer 

shed, suggested that IPV reduced this index by 95% compared to unvaccinated persons 

whereas OPV reduced it by 99% (19).   

Whether the inferiority of IPV relative to OPV in reducing fecal viral shedding accurately 

reflects their relative ability to reduce fecal-oral transmission of wild-type or vaccine-derived 

poliovirus in developing country settings with poor hygiene, sanitation, and crowding, is 

unclear.  If IPV provides only individual protection in these settings, the eradication program 

could be put in jeopardy in that a substantially greater proportion of infections will become 

subclinical—IPV preventing overt disease, but not transmission.  Thus, by the time a case of 

polio-caused acute flaccid paralysis (AFP) is detected, a cVDPV could be widespread and 
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containment difficult.  On the other hand, if IPV induces intestinal immunity and retards 

transmission, then containment of a cVDPV outbreak would be substantially easier.  Thus, 

assessing whether IPV can reduce fecal shedding as measured by the shedding index 

following OPV challenge provides important information regarding the potential benefits and 

risks of including IPV in routine immunization programs in developing countries.   

1.4 Making IPV Available and Affordable to the World 

In addition to the potential for emergence of a virulent cVDPV, other potential threats to  

eradication include the undetected reintroduction and transmission of wild-type virus, from 

immunecompromised individuals who can become long-term shedders, or the accidental 

“escape” of virus from a research or vaccine production facility, or even the use of poliovirus 

as an agent of bioterrorism. (20, 21)  These are risks for populations with inadequate polio 

vaccine coverage, which will require a prolonged and concerted global vaccination strategy 

(polio vaccine endgame).  Ultimately IPV will play an important role as part of sequential 

and/or combination vaccine regimens in order to maintain population immunity for the 

endgame.  IPV is licensed in over 80 countries, and is now used as the sole polio vaccine in 

many industrialized nations.  A typical IPV-only schedule includes 3 primary doses in the 

first year, with 1 or 2 boosting doses in early childhood.  Given in this manner, IPV is 

effective at promoting humoral immunity which provides individual protection against 

paralytic disease (22).   

The efficacy of IPV alone in maintaining population immunity depends on a number of 

factors including rates of vaccine coverage, and the general hygiene and sanitation (which 

can dictate whether the principal route of transmission is fecal-oral or oral-oral).  In many 

areas of the developed world, IPV has been highly effective at protecting populations from 

re-introduction of polio.  In an outbreak of wild-type poliovirus in the Netherlands in 1992, 

where a 6-dose IPV vaccination schedule was utilized, 71 cases of paralytic polio cases 

occurred exclusively in an un-immunized subset of the population. (23)  In a subsequent 

analysis of students in a single school at the heart of this outbreak, the rate of overall polio 

infection (diagnosed by seroconversion and/or stool culture) was 13% in IPV vaccinated 

children and 57% in unvaccinated children, suggesting a herd immunity impact on 

transmission. (24)   

IPV will clearly play a central role in the final stages of global polio eradication, and this has 

begun in some developing countries, including in Central and South America.  However, 

significant barriers to widespread use of IPV throughout the developing world remain.  

Foremost among these barriers is cost and need for injection (at present approximately 

3 United States dollars [USD] per dose on the UNICEF contract) and current manufacturing 

capacity, estimated at only 40% of likely need.   
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1.5 Interference between Oral Polio and Rotavirus Vaccines 

Rotavirus vaccine trials performed in South Africa (Rotarix
TM

) (25, 26), Bangladesh 

(Rotarix
TM

) (27), and Latin America (Rotarix
TM

 and RotaTeq
TM

) (28, 29) have shown that 

concomitant rotavirus vaccine administration does not affect the immune responses to OPV 

as measured by seroconversion rates after the third dose.  The immune response to rotavirus, 

as measured by antirotavirus IgA seroconversion rates and geometric mean concentrations 

(GMCs) achieved, were lower when both vaccines were co-administered, compared with 

groups receiving IPV or groups in which the oral vaccines were staggered by 15 days.  In the 

South African studies, a seroconversion rate reduction was observed after the first dose, more 

strikingly in infants receiving this dose at 6 weeks of age.  After the second dose, 

seroconversion rates tended to level.  In the Bangladesh study, seroconversion rates after the 

second dose were 15% lower and GMCs 38% lower in the group receiving concomitant vs. 

staggered rotavirus-OPV vaccines.  Rotavirus vaccine shedding was also lower (43% 

overall).  In the Latin American studies, for Rotarix
TM  

a comparison of GMCs from 2 

different studies reported a 32% reduction in GMCs and 18% reduction in seroconversion 

rates among children participating in the study receiving concomitant vaccines compared to 

the study in which vaccines were staggered (30).  Nevertheless, vaccine efficacy observed in 

both studies was 82% and 85% respectively.  For RotaTeq
TM

 a reduction in 47% and 5% was 

observed for GMCs and seroconversion rates in the co-administration group.   

It is feasible that a schedule based on IPV at 8 weeks, time of the first rotavirus vaccine dose 

in our current proposal, followed by an IPV (Groups 2 and 3) or bOPV (Group 1) at 16 

weeks together with the second rotavirus vaccine dose, may provide different antirotavirus 

IgA seroconversion rates and GMCs.  This information is important for policy makers when 

deciding on the benefits of 1 versus 2 doses of IPV in the primary polio vaccination series.     

1.6 Study Rationale 

The rationale for this study (IPV 002ABMG) and its companion clinical trial (IPV 

001ABMG) being conducted elsewhere in Latin America are to evaluate the sequential use 

of both IPV and bOPV vaccines in various sequences administered to young infants.  The 

overarching goal of both studies is to provide evidence for better immunization policy 

making in regions of the world that must switch to use of bOPV in the 2014-2015 time frame 

using or not using IPV as a supplement.  Many options for a sequential use of bOPV and IPV 

are possible, that might optimize humoral immune responses, intestinal immunity and 

thereby prevent community transmission as well as prevent VAPP.  It is the intent of these 

2 studies to evaluate selected immunization options and their potential advantages, which 

have relevance in Latin America and elsewhere globally. 

The primary objective of this trial is to compare 2 sequential schedules of IPV followed by 

bOPV (1 dose of IPV followed by 2 doses of bOPV, or 2 doses of IPV followed by 1 dose of 
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bOPV) relative to a 3-dose regimen of IPV alone, to assess the non-inferiority of each of the 

sequential regimens.  Specifically, the study seeks to show that both of the sequential 

regimens are equivalent (not-inferior) to the 3-dose IPV regimen in the seroconversion rates 

to both type 1 and type 3 poliovirus such that not more than 10% of subjects fall below the 

95% confidence interval observed for the 3-dose IPV alone regimen and the geometric mean 

titers (GMTs) are no more than 2/3 logs less than those for the 3-dose IPV regimen.  In 

addition, the study will evaluate by a novel method (poliovirus shedding index), the 

adequacy of IPV vaccines in inducing intestinal immunity, specifically by reducing the 

shedding of poliovirus type 2 after an OPV challenge. 

This study employs 3 different polio vaccination groups: 1) a 3-dose IPV regimen; 2) 2 doses 

of IPV followed by 1 dose of bOPV, and 3) 1 dose of IPV followed by 2 doses of bOPV.  

The hypotheses of the study are:  

 A 3-dose IPV/bOPV sequential schedule including 1 or 2 doses of bOPV is non-

inferior in terms of types 1 and 3 seroconversion rates and GMTs to a 3-dose IPV 

schedule. 

 Two and possibly 1 IPV dose(s) provides significant seroconversion rates and GMTs 

to type 2 poliovirus and sufficient priming to induce a rapid immune response in the 

context of an oral challenge at 7 months of age.   

 Three, 2, and possibly 1 dose of IPV will induce intestinal immunity to poliovirus 

type 2 as measured by a combination of quantity of virus in stools and duration of 

shedding (shedding index).   

 

In addition to these 3 hypotheses, the study will explore the following hypothesis: 

 Co-administration of bOPV and rotavirus at 16 weeks of age (the second rotavirus 

dose) provides similar antirotavirus IgA seroconversion rates and GMCs compared to 

subjects receiving rotavirus vaccine together with IPV.  

 

The answers to these hypotheses will help to determine the safety and potential benefits of a 

sequential IPV/bOPV schedule while constraining cost. 

 



Confidential 

05 November 2012  Page 17 

2.0 STUDY OBJECTIVES  

2.1 Primary Objectives 

1. To assess the non-inferiority of the humoral immune response following 2 doses of IPV 

and 1 dose of bOPV compared to 3 doses of IPV as measured at 1 month after the final 

(third) dose by seroconversion and GMTs to polio types 1 and 3.  

2. To assess the non-inferiority of the humoral immune response following 1 dose of IPV 

and 2 doses of bOPV compared to 3 doses of IPV as measured at 1 month after the final 

(third) dose by seroconversion and GMTs to polio types 1 and 3. 

 

2.2 Secondary Objectives 

1. To compare the humoral immune response to 1 dose of IPV followed by 2 doses of 

bOPV compared to 3 doses of IPV as measured at 1 month after the final (third) dose by 

seroconversion and GMTs to polio type 2. 

2. To compare the humoral immune response to 2 doses of IPV followed by 1 dose of 

bOPV compared to 3 doses of IPV as measured at 1 month after the final (third) dose by 

seroconversion and GMTs to polio type 2. 

3. To compare the humoral immune response to polio type 2 as measured by 

seroconversion and GMTs achieved within seven day of an mOPV type 2 challenge in 

children receiving 1, 2, or 3 doses of IPV in the primary series. 

4. To determine the safety of the different vaccine schedules.  

5. To describe and compare the shedding of type 2 polio virus post mOPV2 challenge as 

expressed by a 28-day shedding index in infants who have received 1, 2, or 3 doses of 

IPV.  

 

2.3 Exploratory Objective 

1. To compare antirotavirus IgA seroconversion rates and GMCs of Group 1 infants 

receiving bOPV together with the second dose of Rotarix
TM

 at 16 weeks of age with 

Group 2 and 3 infants receiving this second Rotarix
TM

 dose together with IPV. 
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3.0 STUDY DESIGN 

This is a multicenter, randomized, unblinded study.  Healthy infants attending the well-child 

care at outpatient clinics and due for their first dose of polio vaccines will be eligible for the 

study.  Infants 8 wks ± 7 days of age will be randomized and allocated to the treatment 

groups shown in Table 1.   

 

Table 1 Summary of Vaccine Group Assignments, Vaccine Administrations, and 

 Specimen Collections (subject age in weeks)  

Study Groups 

Vaccines Administered* 
Oral Vaccine 

Challenge 

Specimens Collected/ 

Outcomes Assessed** 

Sanofi IPV Sanofi bOPV GSK mOPV2  Antibody (blood)  Shedding (stool) 

(weeks) (weeks) (weeks) (weeks) (weeks) 

Group 1 

(N=190) 
8# 16#, 24@ 28 8¶, 16, 28, 29 28, 29, 30, 31, 32 

Group 2 

(N=190) 
8#, 16# 24@ 28 8, 24, 28, 29 28, 29, 30, 31, 32 

Group 3 

(N=190) 
8#, 16#, 24@ None 28 8, 24, 28, 29 28, 29, 30, 31, 32 

* Vaccine administered: ±7 days for each time point.   

** Outcomes: Safety will be assessed during each visit.  Stool samples will be collected and stored for later testing. 
# Routine vaccine DTPwHib/HepB and S pneumoniae; oral rotavirus vaccine (if accepted).   
@ Routine vaccine DTPwHib/HepB and S pneumoniae. 

 ¶ This sample can also be obtained at 7 weeks of age if parents preference. 
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4.0 STUDY POPULATION 

The study will be conducted in up to 7 “vacunatorios” in Chile.  Parents or legal guardians of 

healthy infants, who are receiving well-child care at designated outpatient clinics, will be 

approached to participate in the study.  The inclusion and exclusion criteria to be eligible for 

the study are as follows: 

4.1 Inclusion Criteria 

Subjects who meet the following criteria will be included in the study: 

1. Age: 8 weeks (-7 to +7 days). 

2. Healthy infants of all ethnicities and both genders without obvious medical conditions 

that preclude the subject to be in the study as established by the medical history and 

physical examination.   

3. Written informed consent obtained from 1 parent or legal guardian who, in the 

opinion of the investigator, is capable of understanding and complying with the 

protocol requirements.   

 

4.2 Exclusion Criteria 

Subjects who meet the following criteria will be excluded from the study: 

1. Previous vaccination against poliovirus. 

2. Low birth weight (BW <2,500 grams). 

3. Twins or multiple pregnancy infants. 

4. Another family or household member who has received OPV within the past 6 

months or is going to receive OPV within the following 6 months. 

5. Any confirmed or suspected immunosuppressive or immunedeficient condition 

including human immunodeficiency virus (HIV) infection. 

6. Family history of congenital or hereditary immunodeficiency. 

7. Major congenital defects or serious chronic illness (neurologic, pulmonary, 

gastrointestinal, hepatic, renal, or endocrine). 

8. Known allergy to any component of the study vaccines. 
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9. Uncontrolled coagulopathy or blood disorder contraindicating intramuscular 

injections. 

10. Administration of immunoglobulins and/or any blood products since birth or planned 

administration during the study period. 

11. Subject who, in the opinion of the Investigator, is unlikely to comply with the 

protocol or is inappropriate to be included in the study for the safety or the benefit-

risk ratio of the subject. 

 

4.3 Contraindications to Subsequent Vaccination 

The following adverse events (AEs) constitute absolute contraindications to further 

administration of the study vaccines:  

 Serious adverse event (SAE; see Section 8.2) or important medical event (IME; see 

Section 8.2) after vaccination. 

 Known hypersensitivity to any component of the vaccine or severe reaction following 

previous administration of the vaccine. 

 Any intercurrent medical condition that in the judgment of the study physician will 

interfere with scheduled vaccinations and/or possibly impair the immune response to 

polio vaccination including those listed in Section 4.2.  

 

If any of these AEs occur during the study, the subject will not receive additional doses of 

vaccine but may continue other study procedures at the discretion of the Investigator.  The 

subject will be followed until resolution of the event and until end of the follow up period.  

4.4 Subject Withdrawal and/or Termination 

Study participants may be withdrawn from the study at any point for any reason.  Withdrawal 

will not affect in any way the treatment of the infant by the health care system.  If the child is 

withdrawn, investigators will ensure that the child will complete his vaccination schedule 

according to the Chilean National Immunization Program (NIP) schedule.  The data collected 

for withdrawn subjects, in addition to case report form (CRF) data, will include the reason 

for withdrawal.  Subjects will not be replaced.  Subjects who have withdrawn from the study 

will be asked to accept follow up for determination of the safety endpoints, especially those 

who have an ongoing SAE. 
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In addition, the following are conditions that will exclude the participating subject from 

continuation in the study protocol: 

 Administration of poliovirus vaccines outside the study protocol or administration of 

OPV to another child within the household. 

 Poor compliance with the study protocol. 

 Any contraindication to the study vaccines that arises during the study period. 

 

If any of these conditions for exclusion develop during the study, the subject will be followed 

for safety purposes until the end of the study period.   

Handling Data from Subjects Who Have Withdrawn 

 Safety data for subjects withdrawn will be included in the per-protocol analysis if 

they have received at least 1 dose of study vaccines. 

 Immunogenicity data will be included in an intention to treat analysis if they have 

received at least 1 dose of  study vaccines. 

 Immunogenicity data for children who received additional polio vaccine outside of 

the study protocol will only be included up to the time of this protocol violation. 

 Subjects will be followed up to the termination of the study for any safety outcomes 

of interest as defined in the protocol. 
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5.0 TREATMENT OF SUBJECTS 

5.1 Vaccines  

The vaccines to be used in this study include bOPV, mOPV2, and IPV (see Section 14.2 for 

package inserts).  

5.1.1 Bivalent Oral Polio Vaccine (bOPV) 

Produced by Sanofi Pasteur, Lyon, France, bivalent OPV vaccine contains types 1 and 3 

polioviruses and it is indicated for supplementary immunization activities in children from 0 

to 5 years of age to prevent or contain outbreaks caused by these 2 serotypes.  The vaccine 

contains at least 6.0 log CCID50 of LS c2ab live attenuated polio virus type 1; and at least 5.8 

log CCID50 Leon I2aIb strain of polio virus type 3.  The vaccine dose is 2 drops (0.1 mL) 

using a multi-dose dropper vial, given directly into the mouth.  The vaccine should be stored 

in a freezer at -20°C, and after thawing it can be stored up to 6 months at refrigerated 

temperatures of +2 to +8°C. 

5.1.2 Monovalent Oral Polio Vaccine Type 2 (mOPV2) 

Monovalent OPV type 2 live attenuated poliomyelitis virus vaccine (mOPV2) is produced by 

Glaxo SmithKline, Rixensart, Belgium, as a sterile suspension of poliovirus serotype 2 for 

oral administration.  Each dose (0.1 mL) contains not less than 10
5.0

 CCID50 of the Sabin 

strain type 2 (P 712, Ch, 2ab).  This will be the challenge OPV strain used to assess intestinal 

shedding and immunity.  The vaccine should be stored in a freezer at -20°C, and after 

thawing it can be stored up to 6 months at refrigerated temperatures of +2 to +8°C. 

5.1.3 Inactivated Polio Vaccine (IPV) 

Inactivated poliovirus vaccine is produced by Sanofi-Pasteur as a sterile suspension of 3 

types of poliovirus.  Each dose of vaccine (0.5 mL) contains 40 D antigen units of Mahoney 

strain (Type 1); 8 D antigen units of MEF-1 strain (Type 2); and 32 D antigen units of 

Saukett strain (Type 3).  It also contains 0.5% of 2-phenoxyethanol and a maximum of 0.02% 

of formaldehyde as preservatives.  It may also contain 5 ng of neomycin, 200 ng of 

streptomycin, and 25 ng of polymixin B as residuals of the vaccine production.  The vaccine 

does not contain Thimerosal.  The vaccine should be kept refrigerated at +2 to +8°C, and 

should never be frozen.  The dose of IPV vaccine should be 0.5 mL administered 

intramuscularly in the anterolateral aspect of the thigh.  

5.2 Vaccine Intervals and Administration 

All polio vaccine doses should be administered at least 4 weeks or more apart.  For IPV, the 

administration site is restricted to the anterolateral aspect of the left thigh.    
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 All other intramuscular (IM) EPI routine vaccines will be administered to the 

anterolateral aspect of the right thigh (or the arm at 16 weeks when 3 vaccines are to 

be administered including IPV, pentavalent combination vaccine, and S. 

pneumoniae).  These vaccines should not be injected in the gluteal area or areas 

where there may be a major nerve damage.  

 IPV will be administered IM at Week 8 (Group 1), Weeks 8 and 16 (Group 2), or 

Weeks 8, 16, and 24 (Group 3). 

 Bivalent OPV will be administered as oral drops (2 drops for each vaccination) at 

Weeks 16 and 24 (Group 1) or Week 24 (Group 2).   

 An oral challenge dose (2 drops) of mOPV2 will be administered at Week 28.   

 

Prior to an injection of any vaccine, all known precautions should be taken to prevent adverse 

reactions.  This includes a review of the potential participant’s history with respect to 

possible allergic reactions to the vaccine or similar vaccines.  Epinephrine Injection (1:1000) 

and other appropriate agents should be available to control immediate allergic reactions.  

Health-care providers should obtain the previous immunization history of the subject, and 

inquire about the current health status of the subject.  

Infants participating in the study will be provided the recommended vaccines aside from 

polio vaccine as per the National Immunization Schedule of Chile (DTPw/HBV/Hib, S. 

pneumoniae vaccine).  

In addition, a 2-dose (Rotarix
TM

) oral rotavirus vaccine will be offered during the study at 8 

weeks and 16 weeks of age.  

Serology Testing 

Rational for each blood sample: After thorough discussions on the minimum number of 

serum samples required to obtain valid answers to our hypothesis, the research group has 

arrived to the following: 

1. Baseline serum sample at 7-8 weeks to determine antibody titers to polioviruses (and 

rotavirus) before any vaccination, required as a basis to detect seroconversion rates. 

2. Post IPV dose 1 at 16 weeks (Group 1) or IPV 2 at 24 weeks (Groups 2 and 3) to 

determine IPV/bOPV dose-dependent seroconversions for poliovirus 2 with the shortest 

possible latency after vaccination to avoid the potential confounder associated with 

exposure to circulating poliovirus 2 vaccine viruses. 
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3. Post 3 doses to measure the primary objective, seroconversion and GMTs to types 1 and 

3 after the different schedules.  This serum will also be used for antirotavirus antibody 

determinations in order to calculate seroconversion rates and GMCs achieved. 

4. One week post-type 2 live poliovirus vaccine challenge at 28 weeks to determine if 

infants who have not seroconverted to type 2 poliovirus after completing the series of 

3 immunizations at 8, 16, and 24 weeks in each of the 3 groups, do so rapidly within 

1 week after the challenge.  Seroconversion within 1 week strongly suggests that 

although the individual had not seroconverted prior to the mOPV2 challenge, that they 

would do so rapidly should they encounter cVDPV2 in the environment; this in turn 

suggests that although they might become infected by cVDPV2, their risk of developing 

neuroparalytic disease as a consequence would nonetheless be substantially reduced. 

 

A total of 4 blood samples will be collected for each study subject.  A maximum of 3 mL will 

be obtained by heel stick or venipuncture methods.  Each blood sample will be transported 

within 24 hours in appropriate cold chain conditions to the “Central Study Laboratory” at the 

Microbiology and Mycology Program, Institute of Biomedical Sciences, Faculty of 

Medicine, University of Chile.  Sera will be obtained and 2 aliquots will be placed into 

cryovials, labeled with linked coding, and stored in a -20°C freezer.  One aliquot will be 

shipped in appropriate cold chain conditions to the Polio and Picornavirus Laboratory 

Branch, Center for Disease Control and Prevention.  The second aliquot will be left on 

repository storage at the study center.  

Sera will be processed following a standard protocol (see Section 14.1).  Neutralizing 

antibodies against polioviruses 1, 2, and 3 will be determined using a sero-neutralization 

assay.  The laboratory will be blinded with regard to the vaccination status of individuals 

contributing particular specimens, ensuring the integrity of the study.  After successful 

completion of testing, duplicate specimens will be destroyed.  Authorized specimens assays 

are only for antibody levels to valences included in the study vaccines.  Should the case arise, 

the use of these specimens for any other assay will require the approval of the study Sponsor 

and the Principal Investigator, as well as Institutional Review Board (IRB) or Independent 

Ethics Committee (IEC) approval, as per applicable rules and regulations. 

Baseline sera and sera obtained at 28 weeks will be processed for antirotavirus IgA 

concentration as previously described at Glaxo SmithKline laboratories (26). 

5.3 Stool Samples for Poliovirus “Shedding Index” determination  

Stool samples (5 to 10 grams) will be collected at 5 times for each subject, using WHO 

approved protocols and kits, and transported and stored following the WHO procedures for 

detection of polioviruses.  Fresh stools will be collected unmixed with urine in a screw-top 
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container, placed in a cold box with frozen ice packs, and transported to the designated 

laboratory for storage in a freezer at -20°C.  A log book of collected and stored samples will 

be kept by the study personnel.  Stool samples will be used later to determine the excretion of 

polioviruses as per protocol (Section 14.1).  Samples will be sent in batches to the reference 

laboratory for poliovirus culture.   

5.4 Medications/Treatments Permitted (including rescue medication) 

and not Permitted Before and/or During the Trial 

There will be no restrictions in using medications/treatments except for the following 

conditions: primary immune deficiency or immune deficiency subsequent to treatment, 

leukemia, lymphoma or advanced malignancy in the subject to be vaccinated or his/her close 

contact.  Only medications to treat SAEs or IMEs will be documented in eCRF.  All other 

medications will be captured and recorded in the source document at the investigators 

discretion at the investigational site. 

5.5 Subject Compliance 

Subjects are required to abide by scheduled visits and the vaccine schedule. 
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6.0 STUDY PROCEDURES 

6.1 Enrolment and Study Allocation 

Between the birth of the infant and 9 weeks of age parents or caretakers will be advised about 

the trial.  Those who are willing to allow the infant in their care to participate in the study 

will be asked to provide written informed consent.  Parent/Infant pairs interested to 

participate in the study will be reviewed for eligibility using the inclusion/exclusion criteria; 

medical history will be taken and a physical examination will be performed.   

Eligible subjects will be randomized into 1 of the 3 groups of the study using computer-

generated randomization and block sizes of 12; separate numbers and blocks will be set up 

for each of the study sites.  The allocations will be provided to the study Investigator by a 

central location after informed consent has been obtained.  The randomization list will be 

maintained concealed from the Sponsor, Investigators, study auditor, or Data Safety 

Monitoring Board (DSMB) unless ruled otherwise by the DSMB or the stopping rules of the 

study. 

6.2 Measures Taken to Minimize/Avoid Bias 

This will be a vaccinator-open but immunogenicity assessor-blind study, given that 

participating infants will be assigned to 3 different groups with different vaccine schedules 

and vaccines administered.  All laboratory personnel processing the serology and stool 

samples will be blinded to the vaccine group allocation of subjects, which should minimize 

observer bias.   

6.3 Visit Schedule 

Overall, subjects will attend up to 8 scheduled visits during the study.  Every infant 

participating in the study will be on the study from 8 weeks (± 7 days) until 8 months of age 

(± 4 weeks).  In addition to the visits every 8 weeks (± 14 days) for the administration of 

vaccines (at 8, 16, and 24 weeks of age), follow-up visits will occur 4 weeks after the third 

visit and before mOPV2 challenge dose to measure immunogenicity.  Subjects will provide a 

weekly stool sample (not requiring a visit) up to 28 days post-challenge for virus shedding.   

The Schedule of Visits and Study Events is presented in Table 2. 



Confidential 

05 November 2012  Page 27 

Table 2 Schedule of Visits and Study Events*   

Age of Subjects (weeks) 8 W 16 W 24 W 28 W 29 W 30 W 31 W 32 W 

Visit Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7 Visit 8 

Visit intervals in weeks  

(± 14 days except for first 

visit 1, 5-8: ± 7 days) 

0 V1 + 8 V2 + 8 V3 + 4 V4 + 1 V5 + 1 V6 + 1 V7 + 1 

Informed consent X        

Inclusion/exclusion criteria X        

Medical history X X X X     

Physical examination X X X X     

Randomization X        

Check if contraindications 

/precautions if will be 

vaccinated 

X X X X     

Stool sampling for all 

subjects 

   X X X X X 

EPI: DTPwHib/HepB X X X      

EPI: S. pneumonia X X       

Optional: Oral rotavirus X X       

Study vaccines Group 1 IPV bOPV bOPV mOPV2     

Blood sampling Group 1 (to 

be done prior to vaccination) 

X** X  X X    

 Study vaccines Group 2 IPV IPV bOPV mOPV2     

Blood sampling Group 2 (to 
be done prior to vaccination) 

X**  X X X    

Study vaccines Group 3 IPV IPV IPV mOPV2     

Blood sampling Group 3 (to 

be done prior to vaccination) 

X**  X X X    

Post-dose immediate 

surveillance (30 min) if 
vaccinated 

X X X X     

Recording into CRF of IME X X X X    X 



Confidential 

05 November 2012  Page 28 

Serious adverse event To be reported at any time during the trial.   

Protocol termination        X 

*Differences in study vaccine and blood sample visits among  study groups are accounted for in the table.   

**A separate visit at 7 weeks of age (one week before vaccination) may be used for this blood draw in order to avoid 4 needle sticks during one visit. 
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6.4 Description of "Halting Rules" or "Discontinuation Criteria" 

The DSMB will be informed of any SAEs, such as death, non-elective hospitalization, or 

anaphylaxis within 24 hours of notification.  Clusters (3 similar events within 1 week) of 

IMEs will be reported to the DSMB for evaluation.  The DSMB will define the halting rules 

before the start of the study, as well as any special considerations for modification of the 

study based on the benefit and safety of the study participants.   

6.5 Accountability Procedures for the Investigational Product, Including 

the Comparator 

Comprehensive training of all study staff will ensure that study protocol requirements are 

being followed.  Vaccine will be stored according to cold chain requirements, and detailed 

inventory logs will be maintained. 

6.6 Maintenance of Treatment Randomization Codes and Procedures 

for Breaking Codes 

An independent biostatistician will make the random allocation number.  No specific 

procedures are anticipated for breaking the code, however, as per Good Clinical Practice 

(GCP), the Sponsor will hire an independent study monitor.  We do not anticipate situations 

when the code would need to be broken, but if such a situation arises, the monitor with 

Principal Investigator (PI) approval could authorize the breaking of the code if the safety of 

the subjects is compromised. 

6.7 Identification of Any Data to be Recorded Directly on the CRFs (i.e., 

no prior written or electronic record of data) 

A study source document will be generated which will serve as the primary data collection 

instrument, and will serve as the source data for this study.  Medications used to treat SAEs 

or IMEs will be recorded.  Investigators will also ensure that vaccination cards required by 

the NIP of Chile are completed according to requirements.  In the case of SAE to be reported, 

records and documents used by the hospitals or national vital statistics registry will be part of 

the source documentation in case of hospitalization, death, or any life-threatening event. 

6.8 Potential Risk to the Study Subjects 

IPV is safe and effective.  As with all licensed vaccines allergic reactions of various severity 

can occur within a few minutes to a few hours after vaccination to components or excipients 

present in the vaccine product.  As with all injectable vaccines, local injection site reactions 

of various severities may occur.  OPV is safe and effective; in extremely rare cases, the live-

attenuated virus in OPV can cause VAPP.  While most cases of VAPP occur in persons with 

normal immune systems, persons with immune deficiency, particularly involving the 
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humoral immune system are at a much higher risk of VAPP than the general population.  The 

risk for study participants is not increased compared to their risk of OPV administration as 

part of the routine EPI vaccination. 

Subjects will be monitored at the study center after vaccinations and SAEs or IMEs observed 

will be recorded in the subject’s CRF.  Furthermore, SAEs and IMEs will be followed during 

the whole study period. 

6.9 Potential Benefits 

6.9.1 Benefits to the Study Subjects 

All children will receive 4 doses of different polio vaccines (IPV and mOPV 2, or IPV, 

bOPV, and mOPV 2) by the completion of the study.  Oral rotavirus vaccine which is 

licensed but not part of the NIP in Chile will be provided as an additional child benefit.  All 

children will be carefully monitored for milestones of normal health, growth, and 

development.  

6.9.2 Benefits to the Community 

The outcome of this trial will provide the population of the participating countries as well as 

the Latin American Region with information on vaccination policy development for the OPV 

cessation era.  At least 4 countries in Latin America (Mexico, Costa Rica, Brazil, and 

Uruguay) have included IPV as the mainstay or in a sequential schedule of their NIP policy 

against polio.  Given the imminent shortfall in the availability of OPV for immunization 

programs around the world, and the recommendation of WHA for the likely switch to bOPV 

in the final stage of the polio endgame, the research into ways to safely introduce bOPV in 

polio-free countries and to maintain protection against type 2 virus will help middle- and 

low-income countries to determine the best way to sustain polio eradication with IPV and to 

address the possibility that tOPV may not be readily available to PAHO countries following a 

WHO recommended shift from tOPV to bOPV usage. 
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7.0 STUDY ENDPOINTS 

7.1 Primary Endpoints 

Two primary endpoints will be used as the basis for evaluation of the IPV/OPVb sequential 

regimens compared to three doses of IPV:   

 Seroconversion to type 1 (type-specific titers ≥1:8 and > 4-fold over expected levels 

of maternally-derived antibody) and GMTs achieved at 28 weeks.  

 Seroconversion to type 3 (type-specific titers ≥1:8 and > 4-fold over expected levels 

of maternally-derived antibody) and GMTs achieved at 28 weeks. 

 

7.2 Secondary Endpoints 

 Seroconversion to type 2 (type-specific titers ≥1:8 and > 4-fold over expected levels 

of maternally-derived antibody) and GMTs achieved after 1 dose of IPV at 16 weeks, 

after 2 doses at 24 weeks, after 3 doses at 28 weeks, and after the mOPV type 2 

challenge dose at 29 weeks.  

 Viral shedding index for type 2 virus following mOPV2 challenge (28-day area under 

the curve [AUC] of quantitative virus shedding at Days 7, 14, and 21 post-mOPV2 

challenge).  

The shedding index endpoint will be computed for each study subject as a simple 

average of log10 viral titer measured from stool samples collected at Days 7, 14, and 

21 post-challenge with mOPV2.  Values of log10 viral titer for measurements below 

the assay limit of detection will be assigned the value of zero in computing the 

shedding index endpoint. 

 Safety Endpoints: SAEs as defined in the protocol throughout the study period and 

IMEs as defined in the protocol up to 28 days post-vaccination. 

 

7.3 Exploratory Endpoints 

 Antirotavirus IgA seroconversion (> 20 units/mL) and GMCs after the second dose of 

Rotarix
TM

 at 16 weeks of age. 
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8.0 SAFETY ASSESSMENTS 

8.1 Specification of the Safety Parameters 

Safety will be assessed using the following parameters: 

 SAEs as defined in the protocol throughout the study period. 

 IMEs as defined in the protocol up to 28 days post-vaccination. 

 

8.2 Adverse Events 

The Investigator is responsible for recording all SAEs and IMEs as described in Section 8.1. 

An SAE, experience or reaction, is any untoward medical occurrence (whether considered to 

be related to study drug or not) that at any dose: 

 Results in death. 

 Is life-threatening (the subject is at a risk of death at the time of the event; it does not 

refer to an event which hypothetically might have caused death if it were more 

severe). 

 Requires inpatient hospitalization or prolongation of existing hospitalization:  

Hospital admissions and/or surgical operations planned before or during a study are 

not considered SAEs if the illness or disease existed before the subject was enrolled 

in the study, provided that it did not deteriorate in an unexpected way during the 

study. 

 Results in persistent or significant disability/incapacity. 

 Is a congenital abnormality/birth defect detected only after study inclusion. 

 

Important medical events (IMEs) are other medically significant events that do not meet any 

of the SAE criteria above, but may require medical or surgical consultation or intervention to 

prevent one of the other serious outcomes listed in the definition above.  Examples of such 

medical events include allergic bronchospasm requiring intensive treatment in an emergency 

room or at home, blood dyscrasias (e.g., neutropenia or anemia requiring blood transfusion, 

etc.) or convulsions that do not result in hospitalization. 
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8.2.1 Procedures for Eliciting Reports of and for Recording Adverse Events and 

Intercurrent Illnesses 

For intercurrent illnesses, parents will be encouraged to use the study institution for medical 

services or report the use of other medical facilities when retuning for the next scheduled 

visit.  Serious events in any study participants will be reported according to regulatory 

requirements in Chile, to the PI, and to the DSMB within 24 hours of notification. 

8.2.2 Type, Report, and Duration of Follow-Up of Subjects after Serious Adverse 

Events 

In the case that an SAE (death, hospitalization, or anaphylactic reaction) or IME occurs, 

referral and medical care will be provided by the health care system.   

Investigators will be notified by the Contract Research Organization (CRO) of all SAEs that 

require prompt submission to their IRB or IEC.  Investigators should provide written 

documentation of IRB/IEC notification for each report to the CRO.  The CRO will ensure 

that all SAEs are reported to the appropriate regulatory authorities.   

Any SAEs or IMEs observed from screening/randomization up to the end of the study will be 

followed up to resolution.  Resolution means that the subject has returned to a baseline state 

of health or the Investigator does not expect any further improvement or worsening of the 

AE.    
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9.0 STATISTICAL ANALYSIS 

9.1 Primary Objectives 

The primary statistical analyses of this study are comprised of comparisons of sequential 

IPV/bOPV regimens relative to the 3-dose regimen of IPV alone to assess any potential non-

inferiority of the sequential regimens (1 dose of IPV followed by 2 doses of bOPV; 2 doses 

of IPV followed by 1 dose of bOPV).  The determination of non-inferiority will be based on 

humoral antibody responses to type 1 and type 3 polioviruses.  Specifically, the sequential 

regimens will be considered non-inferior if the rates of seroconversion to type 1 and type 3 

polioviruses over the entire 3-dose regimen are no more than 10% less than those for the 3-

dose IPV regimen and if the GMTs are no more than 2/3 logs less than those for the 3-dose 

IPV regimen.  For each sequential regimen, the overall comparison with IPV will be 

performed to control the Type I error rate at 0.05 (1-sided).  The evaluations of each 

sequential regimen relative to the common 3-dose IPV comparison group will be considered 

as independent and no adjustment for multiplicity of comparisons across these evaluations 

will be made.  

Two primary endpoints will be used as the basis for the evaluation of each of the IPV/bOPV 

sequential regimens and the IPV only regimen: 1) type 1 and type 3 seroconversion (type-

specific titers ≥1:8 and > 4-fold over expected levels of maternally-derived antibody 

computed cumulatively across the 3 injections) and 2) geometric mean titers (GMTs).  

Clopper Pearson “exact” confidence intervals for the difference in binomial proportions will 

be computed for each of the 2 type-specific seroconversion rates, and confidence intervals for 

the difference in GMTs will be computed based on Wilcoxon rank statistics.  Each of the 

2 seroconversion outcomes will be tested for non-inferiority of the sequential regimen 

relative to the non-sequential IPV regimen with a non-inferiority margin of 10%.  The GMT 

outcomes will be tested for non-inferiority of the sequential regimen relative to the non-

sequential IPV regimen with a non-inferiority margin of 2/3 logs.  Nominal 1-sided alpha 

levels of 0.05 will be used for these tests.  The sequential regimen will be considered non-

inferior overall if a non-inferiority outcome is obtained for each of the 3 endpoints.  The 

Type 1 error for this overall conclusion of non-inferiority is guaranteed to be less than 0.05.  

If an overall non-inferiority result is obtained then a second set of tests for superiority for 

both the type 1 and type 3 seroconversion outcomes and for the GMT outcome will be 

performed.  Because of the sequential nature of this testing strategy, the overall Type 1 error 

rate will be preserved without any further adjustment for the multiplicity of comparisons.  

Superiority of the sequential regimens will be concluded if at least 1 of the 3 outcomes 

(2 seroconversion, 1 GMT) is found to be statistically superior.  To supplement these formal 

statistical tests, plots of the point and interval estimates for differences between groups in the 
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type-specific outcomes will be produced on which lines indicating the non-inferiority 

margins and superiority thresholds will be drawn. 

In order to give a more comprehensive view of the immune responses relative to the 

sequential and non-boosted regimens, the aforementioned statistical tests for analyses of the 

primary trial objectives will be supplemented with descriptive analyses including tabulated 

type-specific rates of seroconversion following each injection, type-specific rates of 

seroprotection (neutralizing antibody titers > 1:8), and plots of the type-specific reverse 

cumulative distribution of antibody titers following administration of each component in the 

vaccine regimen. 

9.2 Secondary Objectives 

Analyses associated with each of the 2 primary objectives will be supplemented with more 

detailed descriptive and comparative analyses in 2 analogous secondary objectives.  

Specifically, the 2 type-specific antibody titers before and after each dose in the 3-dose 

regimen will be evaluated and compared across the sequential and all-IPV regimens.  Rates 

of seroconversion at each dose will be computed by strata defined by pre-dose level and by 

levels of responses to prior doses.  Rates of seroprotection will be evaluated and compared 

across regimens following each dose.  Marginal and stratified analyses of the quantitative 

antibody titers will also be performed.  Particular attention will be paid to comparison of the 

responses to the first bOPV dose in the 2 sequential regimens and to the final IPV dose 

across the sequential non-sequential regimens. 

Secondary analyses will include comparisons based on humoral responses to type 2 

poliovirus of sequential IPV/bOPV regimens relative to the 3-dose regimen of IPV alone to 

assess any potential non-inferiority of the sequential regimens (1 dose of IPV followed by 2 

doses of bOPV; 2 doses of IPV followed by 1 dose of bOPV).  Specifically, the sequential 

regimens will be considered non-inferior if the rates of seroconversion to type 2 polioviruses 

over the entire 3-dose regimen are no more than 10% less than those for the 3-dose IPV 

regimen.  The statistical approach and methods used for this analysis will be the same as 

those described above for the primary analyses of antibody responses to type 1 and type 3 

poliovirus including the tiered testing of type 2 responses for superiority and detailed 

comparisons of the distribution of antibody titers (e.g., GMTs).    

Secondary analyses of safety data will consist of tabulation by study arm and testing for 

differences between groups in rates of SAEs and IMEs.   

A shedding index endpoint will be computed for each study subject as a simple average of 

log10 viral titer measured from stool samples collected at Days 7, 14, and 21 post-challenge 

with mOPV2.  Values of log10 viral titer for measurements below the assay limit of detection 

will be assigned the value of zero in computing the shedding index endpoint.  The median 
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shedding index will be computed for each of the groups and formally compared using a 

Wilcoxon test.  Reverse cumulative distribution curves for the shedding index endpoint will 

also be compared graphically to informally identify differences in the upper and lower 

extremes of these distributions.  Additional comparative analyses will be performed on the 

subcohort of subjects without serologic evidence of environmental exposure to mOPV2 prior 

to challenge on week 28 and who have been primed to type 2 by immunization (based on 

serologic response 1 week post-mOPV2 challenge).  

9.3 Exploratory Objective 

Rates of antirotavirus IgA seroconversion and GMCs for Group 1 infants receiving bOPV 

together with the second dose of Rotarix
TM

 at 16 weeks of age will be compared with those 

from Group 2 and 3 infants receiving this second Rotarix
TM

 dose together with IPV.  More 

specifically, Clopper Pearson “exact” confidence intervals for the difference in binomial 

proportions will be computed for comparing seroconversion rates for each of the groups (2 

and 3) receiving Rotarix concomitantly with IPV to that for Group 1 receiving Rotarix 

concomitantly with bOPV.  Each of the 2 comparisons will be first performed as a test for 

non-inferiority with a non-inferiority margin of 10%.  Nominal 1-sided alpha levels of 0.05 

will be used for these tests.  If the initial test demonstrates non-inferiority of responses to 

Rotarix for the groups with concomitant administration of Rotarix with IPV then a second 

test will be performed to test for superiority of response.  These formal tests will be 

supplemented with informal comparison of the reverse cumulative distribution curves of 

rotavirus IgA antibody titers. 

9.4 Criteria for Termination of the Trial 

The trial will be terminated once the study is fully enrolled and all study subjects have 

completed the study requirements.  The study may also be terminated if the DSMB identifies 

a safety signal that meets the requirements for termination as defined in the DSMB halting 

criteria.  

9.5  Procedures for Accounting for Missing, Unused, and Spurious Data 

In spite of best efforts to collect complete data for all study subjects, some data will be 

missing at the end of the trial.  The reasons for missing data will be ascertained and 

appropriate statistical methods will be used to accommodate these absences in the analyses of 

trial data that minimize potential biases and maximize efficiency conditional on the causes 

for data being missing.  Data values that are identified by quality control procedures to be 

spurious will not be used in final analyses of trial data. 
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9.6 Procedures for Reporting Any Deviation from the Original 

Statistical Analysis Plan 

The Statistical Analysis Plan (SAP) may be amended at any time during conduct of the trial 

but will be finalized and frozen prior to the first examination of unblinded data.  All versions 

of the SAP up to and including the finalized SAP will be archived in the study records.  All 

of the analyses described in the finalized SAP will be performed as specified.  Other analyses 

that are not included in the SAP may be specified subsequent to its finalization.  Such 

analyses will be described in an addendum to the finalized SAP and will be performed if 

agreed among the participating institutions.  

9.7 The Selection of Subjects to be Included in the Analyses 

The Sponsor will attempt to maximize the use of available data for analyses.  

9.8 Sample Size 

A maximum of 570 subjects will be enrolled. 

For sample size calculations, we assume that the rates of seroconversion for the 3-dose IPV 

regimen are at least 90% for types 1 and 3.  For evaluable group sizes of 152, there is a 

power of 0.80-0.86 (depending on degree of correlation among the type-specific tests) to 

declare overall non-inferiority when the rates of seroconversion for type 1 and type 3 are at 

least 90% and are equal for sequential and IPV only regimens and GMTs are equal for 

sequential and IPV only regimens.  The power to declare superiority of a sequential regimen 

over the IPV only regimen for type 1 or type 3 seroconversion endpoints is >0.90 if the IPV 

only IPV seroconversion rate is 0.90 and that for the sequential regimen is 0.98.  If type 1 

and 3 seroconversion rates for the IPV only IPV regimen are greater than 0.90 then the power 

to assess superiority is considerably reduced simply because there is so little scope for 

improvement by bOPV boosting.  The power to declare superiority of GMTs is 90% for 

types 1 and 3 if the true difference in type-specific GMTs is 0.33 logs or greater.  The power 

to declare superiority of GMTs is 90% for type 2 if the true difference in type 2 GMTs is 

0.55 logs or greater.  Thus, assuming 80% of enrolled subjects will be evaluable for the 

3 serology-based endpoints, the size of each of the 3 groups will be 190.  Thus, this trial will 

enroll a total of a 570 subjects. 
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10.0 QUALITY CONTROL AND QUALITY ASSURANCE 

PROCEDURES 

10.1 Study Monitoring and Source Data Verification 

After appropriate ethical approval by an IRB/IEC and regulatory approval by authorities are 

obtained (and the final protocol has been amended as required by IRB/IEC and or regulatory 

authorities), an initiation site visit will be conducted before the first subject is enrolled in the 

study.  The subjects cannot be enrolled until occurrence of such a visit and its documentation.  

During this site visit, the requirements of GCP, protocol procedures, and all logistical issues 

will be discussed at length.  The training of study Investigators will also be documented. 

After the study is initiated, the study monitor will be in regular contact with the sites to 

obtain information on the performance of the study.  These contacts will be scheduled to take 

place at regular intervals.  Subsequent to start of recruitment, routine-monitoring visits would 

occur after prior appointment with the Investigators. 

The Investigator and his/her staff will be obliged to devote a suitable amount of time and an 

appropriate place for the monitoring visits.  During each visit, the monitor will review the 

CRF of each subject in the study with regard to completeness, thoroughness, and compliance 

with the protocol.  In addition, at a minimum, the original subject data (e.g., entry cards, 

index cards, original findings) will be reviewed to ensure that: 

 Subject informed consent is signed and incorporated. 

 Inclusion/exclusion criteria are properly followed. 

 The CRF data are consistent with the physician's original records, which also have to 

clearly indicate that the subject is included in a clinical study. 

 All relevant clinical and laboratory findings and concomitant medication are 

documented in the CRFs. 

 Quantity and dosing schedule of concomitant medication and vaccines is documented 

in the CRFs. 

 Quantity and dosing schedule of the Investigational/Comparator Product is in 

accordance with the protocol. 

 All relevant information (e.g., any SAE or IME) has been recorded in the appropriate 

place in the CRFs including compliance with the NIPs. 

 The Investigational/Comparator Product is being stored correctly, and its supply is 

being properly accounted for. 
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 Incorrect or illegible entries in the CRFs would be submitted to the Investigator for 

correction. 

 

The monitor will retrieve completed CRFs during the regularly held monitoring visits. 

During the study trial period, the PI will be available to answer questions with regard to the 

performance of the study. 

10.2 Auditing 

In addition to the above-outlined monitoring visits, the participating institutions may be 

audited.  This audit may be carried out by an external independent auditor appointed by the 

sponsor or by the responsible regulatory authority(ies).  Such an audit would be done to 

review whether the data have been properly recorded in the interim or final report and 

whether the performance of the study is in accordance with the protocol, the standard 

operating procedures (SOPs) developed for the study, and other relevant guidelines.  Subject 

confidentiality will be maintained at all times. 

The Investigator will inform the study Sponsor immediately if an audit has been requested by 

a regulatory authority. 
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11.0 ETHICS 

The study will be conducted according to GCP, the principles of the Declaration of Helsinki, 

and the codes and regulations of Chile.   

The study will be submitted for unconditioned approval to the Ethical Review Boards and as 

locally required to the regulatory authorities of each participating center.  The Ethical Review 

Boards are to be constituted according to international guidelines.  Each participating center 

has to ensure they obtain any other approval legally required for the corresponding country. 

Written informed consent has to be obtained from the parents or legal guardians of the 

participating infants.  Whether one or both parents have to provide consent will be 

determined by local legal requirements. 

All subjects will be insured for participation in this study.  The insurance policy is available 

at the investigational sites.  Parents or guardians are made aware of this and of procedures to 

follow in case of a claim  

Expenses of parents or guardians will be reimbursed as a lump sum, which has been agreed 

upon by the Ethical Review Boards.  There will be no financial incentives for parents to 

enroll their children.  

Any public advertising of the study will be submitted to the Ethical Review Boards for 

information or approval according to local regulations 

11.1 Subject Information and Informed Consent 

The informed consent form (ICF) will be used to explain the risks and benefits of study 

participation to the parent(s) or guardian(s) of the subject in simple terms before the subject 

will be entered into the study.  The ICF contains a statement that the consent is freely given 

by the parent(s) or guardian(s) of the subject, that the parent(s) or guardian(s) of the subject 

is (are) aware of the risks and benefits of entering the study, and that the parent(s) or 

guardian(s) of the subject is (are) free to withdraw the subject from the study at any time.  

Written consent must be given by the parent(s) or guardian(s) of the subject, after the receipt 

of detailed information on the study. 

The Investigator is responsible for ensuring that informed consent is obtained for each 

subject by the parent(s) or guardian(s) and for obtaining the appropriate signatures and dates 

on the informed consent document prior to the performance of any protocol procedures and 

prior to the administration of study vaccines.  The Investigator will provide the parent(s) or 

guardian(s) of each subject with a copy of the signed and dated consent form. 
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12.0 STUDY ADMINISTRATION 

12.1 Direct Access to Source Data/Documents 

The Investigator/institutions will permit (by way of written agreement) trial-related 

monitoring, audits, IRB/IEC review, and regulatory inspection, providing direct access to 

source data/documents. 

12.2 Data Handling and Record Keeping 

The source document data will be entered into an electronic data file (eCRF); the laboratory 

data will be incorporated into a laboratory source document and then entered into the eCRF.  

The source documents will be stored at the main study site.   

12.3 Protection of Data Privacy 

The names and identity of the parents or guardians and their children will be kept private by 

the Investigators and staff of the study sites.  They will not be given outside of the study sites 

without the parent’s or guardian’s permission, except as required by law.  Other information 

without names and identities will be shared with the Sponsor, the DSMB, and the Bill and 

Melinda Gates Foundation (BMGF). 

12.4 Financing and Insurance 

Financing will be arranged by the Sponsor.  Insurance will be provided to the study 

participants by the Sponsor. 

12.5 Publication Policy 

All data from this trial with respect to study objectives will be submitted for publication.  All 

publications emanating from this trial will be reviewed by the participating institutions and 

Investigators.  Authors will be determined based on actual input into the publications, as per 

existing guidelines. 
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14.0 APPENDICES 

1. Neutralization Assays and stool poliovirus quantification assay Description 

2. Package Inserts for all IPVs and OPVs. 
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14.1 Appendix 1:  Neutralization Assays and Stool Culture and Viral 

Quantification Description 

 

The following documents are included in this appendix: 

 Poliovirus Serology - Microneutralization Test for Polio Antibodies 

 Isolation and identification of polioviruses (WHO. Isolation and identification of 

polioviruses. In: Polio Laboratory Manual, 4th edn. Document WHO/IVB/04.10. 

Geneva, Switzerland: World Health Organization. 

www.who.int/vaccines/en/poliolab/WHO-Polio-Manual-9.pdf. 2004:87-91.)   

 Poliovirus Titration 
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14.2 Appendix 2:  Package Inserts for All IPVs  

 

The following package inserts are included in this appendix:  

 Oral Bivalent Types 1 and 3 Poliomyelitis Vaccine (Sanofi bOPV)  

 Polio Sabin™ Mono Two (GSK mOPV2) 

 Imovax Polio – Poliomyelitis Vaccine (Sanofi Imovax Polio) 

 Poliovirus Vaccine Inactivated IOPL
®
 (Sanofi IPOL) 
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